OPEN 8ACCESS Freely available online

Applied Microbiology Open Access

ISSN: 2471-9315

Review Article

Lessons Learned from the SARS-CoV-2 Pandemic: Preparing for the Next
Outbreak of Respiratory and Enteric Viral Infections
M. Khalid Ijaz", Raymond W. Nims?, Joseph R. Rubino!, Julie McKinney!, Charles P. Gerba®

IGlobal Research and Development for Lysol and Dettol, Reckitt Benckiser LLC, Montvale, NJ, USA;?)RMC Pharmaceutical Solutions,
Longmont, CO, USA;*Department of Environmental Science, University of Arizona, Tucson, Arizona, USA

ABSTRACT

Evidence has been accumulating to suggest that the numbers of cases/detections of respiratory viruses (especially
influenza virus, respiratory syncytial virus, parainfluenza virus, and human metapneumovirus) and enteroviruses
(especially norovirus and enterovirus) have dropped drastically during periods of relatively strict adherence to Non-
Pharmaceutical Interventions (NPIs) for mitigating the risk of acquiring SARS-CoV-2. In other words, while the
public has been protecting themselves from acquiring SARS-CoV-2 through use of NPIs, such as social distancing,
mask wearing, avoiding crowded spaces, and paying greater attention to surface and hand hygiene, they may also
have been protecting themselves from acquiring other respiratory viruses and enteric pathogens, including viral
infections. What evidence do we have of this? What may happen when the NPIs are relaxed in the post-pandemic
setting? In this viewpoint, we discuss these topics and other learnings from the ongoing SARS-CoV-2/COVID-19
pandemic, as well as our recommendations for NPIs for preparing for the inevitable post-pandemic future.

Keywords: COVID-19; SARS-CoV-2; Non-pharmaceutical interventions; Enteroviral infections; Respiratory
infections; Post-pandemic viral outbreaks

caseloads, and in detection rates for other respiratory and enteric viruses,
as will be discussed below.

INTRODUCTION

The pandemic of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and its associated disease (COVID-19) has caused considerable
morbidity and mortality worldwide, with cases numbering ~ 507 million
and deaths numbering just over 6 million globally, as of the date of writing
of this article [1]. In addition, the pandemic has had severe economic
consequences globally [2]. As the SARS-CoV-2 pandemic extended into
its second year in 2021, the publicatlarge and local governments had
at various times and to varying extent, observed voluntary and imposed
Non-Pharmaceutical Interventions (NPIs) including mask wearing,
social distancing, stay-athome/lockdowns, bans on indoor and outdoor
social gatherings, travel restrictions, and increased frequency/stringency
of surface and hand hygiene. Air sanitization practices, including use
of room air purifiers and use of High Efficiency Particulate Air (HEPA)
filters, used in conjunction with the other best practices recommended
by the U.S. Centers for Disease Prevention and Control (CDC) and other

Should this have been expected? In fact, such rebounds have been
associated with past pandemics. For instance, the third season of the
1918 “Spanish” influenza pandemic represented a similar situation. In
the United States, as Infection Prevention And Control (IPAC) measures
yielded to public fatigue, case numbers and death rates rebounded. As
documented by McHugh [5]. “The 1918 flu lasted far beyond 1918. Two
years after it began, just as officials were declaring victory and cities
were easing restrictions, a fourth wave hit parts of the country, bringing
punishing caseloads that pushed some hospitals to the brink of collapse
and left many more Americans dead. By the winter of 1919-1920,
Americans were weary of the limitations on daily life. Nearly all of the
public health restrictions -such as mask-wearing, social distancing and the
closure of schools and churches-had been lifted. A hasty return to public
gatherings led to an increase in case numbers. Politicians either blamed
people’s carelessness for the reemergence of the virus or downplayed the

regional public health agencies, also likely contributed to mitigation of
transmission risk during this pandemic [3,4]. In various locations around
the globe, relaxation of these NPIs to varying degrees has been occurring,
and the resumption of high-risk activities such as participation in social
events taking place in crowded venues (e.g., concert halls, bars, sports
venues, etc.) has occurred during 2021 and into 2022. In some cases,
relaxation of NPIs has been associated with rebounds in SARS-CoV-2

seriousness of it.” [5,6-8].

To what extent are we now repeating history? Have the various NPIs
implemented during the SARS-CoV-2 pandemic really led to a decrease
in caseloads and morbidity for SARS-CoV-2 during 2020 and early 20217
Following relaxation of interventions, have caseloads for SARS-CoV-2
increased? Have caseloads and detection rates for other communicable
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respiratory and enteric viruses diminished during the observance of NPIs
for SARS-CoV-2? What is to be expected for these other respiratory or
enteric viruses once NPIs for SARS-CoV-2 are more uniformly relaxed
going into 20227 In this mini-review, we have attempted to answer these
questions and to use these learnings to put into perspective the most
appropriate roles of NPIs at home, community, and health care settings in
the post-pandemic future.

A quite extensive body of literature addressing the impact, on SARS-
CoV-2/COVID-19 transmission, of implementation of NPIs has appeared
during the SARS-CoV-2 pandemic. In this mini-review, we have included
in Table 1 just a sampling of this literature. Although a full review on this
topic is beyond the scope of the present mini-review, we have attempted in
Table 2. to more comprehensively review the literature on the impact of
NPIs implemented in response to SARS-CoV-2 on the detection of other
seasonal respiratory and enteric viruses, and the resurgence of detections of
these viruses following relaxation of the pandemic-driven NPIs. Finally, in
Table 3, we provide our recommendations for the role of NPIs in the post-
pandemic future in responding to emerging and re-emerging respiratory
and enteric viruses.

OPEN aACCESS Freely available online
LITERATURE REVIEW

Impacts of SARS-CoV-2 pandemic NPIs on viral

transmission measures

Impact of NP1 on COVID-19 caseloads and deaths during the SARS-
COV-2 pandemic: A number of primary literature reports [9-19], have
described assessments of the impacts of voluntary or government-imposed
NPIs on COVID-19 caseloads (numbers of positive detection results for
SARS-CoV-2, etc.), hospitalizations, and deaths, and indices of SARS-
CoV-2 transmissibility (e.g., reproduction number, R, i.e., the disease
transmission probability per contact). The types of NPIs considered have
varied among these reports, but in general, have included increased use
of personal protective equipment (masks), increased hand hygiene, and
social distancing measures, such as school and business/entertainment
closures, intra- and inter-country travel restrictions, bans on indoor or
outdoor social gatherings, and stay-athome (shelter-in-place) mandates. In
some cases, the impacts of individual NPIs have been teased out, while in
other reports, the impacts of groups of NPIs or the totality of the NPIs
implemented (i.e., NPI packages) have been assessed [9-19-28] (Table 1).

Table 1: Impact of SARS-CoV-2 case numbers/deaths following observation and relaxation of non-pharmaceutical interventions.

Intervention

Impact of observation of non-pharmaceutical
interventions

Impact on SARS-CoV-2 transmission measures

Reference

Modeling of SARS-CoV-2 reproduction number Rc indicated Re was 2.84 to 3.25 between

Travel restrictions, school closures, social
distancing, closure of non-essential businesses
in Ontario, Canada

Feb. 26 to Mar. 21 - 29, 2020. Improving case detection rates and reducing contacts

was estimated to lead to Rc less than the threshold 1 value in Apr. 2020. Key factors in
reducing Rc were found to be reducing contact rate, transmission probability, detection/
diagnosis rate, and quarantine rate. Transmission probability is impacted by personal

hygiene (handwashing and avoiding face touching) and mask wearing.

Impacts of interventions on growth rates for SARS-CoV-2 cases were evaluated. After 21

Ban on large gatherings, shelter-in-place, public
school closures, restaurant or entertainment
business closures in USA

School closures, non-essential business closures,
ban on public events/gatherings, encouraged or
imposed work at home in Texas, USA

School closures, voluntary stay-at-home, state
ordered shelter-in-place in Georgia, USA

Travel ban, state border closures, working from
home, limits on indoor and outdoor social
gatherings, increased use of hand hygiene, face
mask wearing, in Australia

School closures, workplace closures, public
events bans, stay at home orders, within
country travel bans; date pooled from 131
countries

Personal protective measures (mask wearing,
hand washing, physical distancing), in Thailand

Social distancing in Oregon, USA

Personal protective measures (mask wearing,
hand washing, physical distancing) in Macao,
China
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days of implementation, the most significant reductions in growth rate were due to shelter-
in-place orders (-8.6%) and restaurant or entertainment business closures (-5.2%). School
closures and bans on large gatherings did not result in significant impacts of case growth
rates.

School closures alone resulted in minimal reductions in cumulative or peak SARS-CoV-2
caseloads, hospitalizations, and deaths from Mar. to Aug. 2020. On the other hand,
school closures plus 75% to 90% reduction in non-household contacts resulted in striking
reductions in both cumulative and peak caseloads, hospitalizations, and deaths, compared
to no measures.

Compared to no interventions, or to school closure only, voluntary stay at home and state
ordered shelter-in-place resulted in 25-36% fewer infections from Mar. 2020 to Oct. 2020.
Extending the length of the intervention period reduced the new infection counts and
delayed the peak infection rates, as well as the cumulative numbers of cases and deaths

COVID-19 detections declined sharply following implementation of the most stringent
government restrictions by the end of Mar. 2020.

A decreasing trend in the time-varying reproduction number (R) ratio (R for current
phase of restrictions/R for previous phase of restrictions) following NPI implementation.
Statistically significant decreases were noted only for bans on public events.

Consistent mask wearing, handwashing, and social distancing were independently
associated with lower risk for SARS-CoV-2 infection.

Modeling based on mobile phone location demonstrated that social distancing is
extremely effective in reducing both the cumulative impact (in terms of fraction infected)
and the peak intensity of the epidemic.

Statistically significant COVID-19 infection risk reductions in those wearing face masks
when outside of the home, and in those who wash hands following high risk activities
(food handling, following use of toilet, sneezing and coughing, handling pets), and before
touching mouth and nose).

(10]

(11]

(12]

[13]

[14]

(15]

(16]

(17]
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Intervention

School closures, gatherings bans, business
closures, stay-at-home orders, wearing of face
masks, and travel restrictions in the USA

Impact on SARS-CoV-2 transmission measures

OPEN aACCESS Freely available online

Reference

Stay-at-home orders resulted in the greatest decreases (51% reduction) in reproduction
number (Rt), followed by mask wearing (29%), bans on large (7%) and small (19%) social [18]
gatherings, and non-essential business closures (16%).

Face mask use by the primary case and family contacts before the primary case developed

Mask use, disinfection, and social distancing in symptoms was 79% effective in reducing transmission. Daily use of chlorine- or ethanol-

19
Beijing, China based disinfectants in households was 77% effective. Wearing a mask after symptom onset 9]
of the primary case was not significantly protective.

Impact of relaxation of non-pharmaceutical
interventions
Relaxati f school cl , workpl . , L ) , .
claxation of SCROOT CIOSUTES, WOrkplace An increasing trend over time in the R ratio was observed following relaxation of NPI.

closures, public events bans, stay at home . Co ) . s

L. Statistically significant increases were noted only for school reopening and lifting bans on [14]
orders, within country travel bans; data from )

) public events.
131 countries
Physical, but not travel, restrictions were relaxed A peak in COVID-19 notifications occurred in July 2020 following relaxation of certain (13]
from May to June 2020 in Australia NPL
COVID-19 prevalence was 12.4 cases per 100,000 population during implementation of

Relaxation of stay-at-home orders in USA stay-at-home orders, vs. 234.6 cases per 100,000 population following relaxation of stay-at- [28]

home orders.

Where the impacts of individual NPIs have been assessed, some interesting
and perhaps discrepant results have been obtained. For instance,
Courtemanche, et al. reported that the most significant reductions in
SARS-CoV-2 caseloads were attributed to shelterin-place (stay-at-home)
orders and entertainment/restaurant closures, while bans on large social
gatherings and school closures did not result in significant impacts [10].
On the other hand, Wang, et al. found that school closures alone had
minimal impacts on caseloads, hospitalizations, or deaths, while school
closures in combination with 75% to 95% reduction in out-of-home
contacts resulted in striking reductions in caseloads, hospitalizations,
or deaths [11]. The analyses of Keskinocak, et al. showed that voluntary
stay-athome and state-ordered shelter-in-place resulted in 25-36% fewer
infections, compared with no interventions or school closures alone [12].
Li, et al. reported that significant decreases in reproduction number (R )
were obtained only through bans on public events [14]. Liu, et al. found
that stay-athome orders resulted in the greatest decreases in reproduction
number, followed by mask wearing, bans on large and small social
gatherings, and non-essential business closures [18]. The lowest impacts
were attributed to interstate travel restrictions and school closures. Wang,
et al. reported that daily use of chlorine or ethanolbased disinfectants
in households was 77% effective at reducing SARS-CoV-2 transmission
(although the concentrations of disinfectants used by participants were
not reported) [19].

In addition to these primary literature reports on the impact on SARS-
CoV-2 transmission of implementation of NPIs during the SARS-CoV-2
pandemic, numerous systematic reviews on this topic have appeared.
Examples of these include [20-24]. The Talic, et al. review assessed the
individual contributions of various personal protective NPIs (hand
washing, mask wearing, household disinfection) and social isolation
NPIs (physical distancing, stay-athome, case quarantine, school closures,
business closures, lockdowns, and travel restrictions and border closures)
to SARS-CoV-2/COVID-19 incidence, mortality, or transmission [20].
The authors identified statistically significant reductions in incidence of
SARS-CoV-2/COVID-19 through implementation of mask wearing and
physical distancing. Hand washing interventions resulted in reductions in
SARS-CoV-2/COVID-19 incidence, though statistical significance was not
obtained. Conclusions on the effectiveness of the other NPIs evaluated
(school closures, business closures, travel restrictions, etc.) were more
guarded, and were not based on random effects analysis [20].

Regmi and Lwin. addressed a variety of topics related to implementation
of NPIs, two of which addressed the effectiveness of NPIs for reducing
the reproduction number (R ). One theme covered the positive impacts of
social distancing measures (avoiding crowds, border restrictions, isolation in
hospital, appropriate use of personal protective equipment, school closures,
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and working from home) [21]. Of these, travel restrictions, case quarantine,
and school closures were called out as being particularly important. The
second theme addressed effective public health interventions (including
increased hand hygiene, avoiding crowds and social events, and use of face
masks and eye protection) [21]. Quantitative conclusions on effectiveness
for reducing R were not reported, although qualitative conclusions were
made such as “NPI were effective only if integrated with enhanced personal
hygiene, environmental sanitization and adequate and appropriate use of
PPE (masks, hand washing and coughing etiquette)” [20,21].

The Ayouni, et al. review described 18 studies on NPI effectiveness and
the major outcomes of the studies [22]. Again, quantitative conclusions
on individual NPIs effectiveness were not reached, but the qualitative
conclusion was “The identified studies showed that travel restrictions,
borders measures, quarantine of travellers arriving from affected countries,
city lockdown, restrictions of mass gathering, isolation and quarantine
of confirmed cases and close contacts, social distancing measures,
compulsory mask wearing, contact tracing and testing, school closures and
personal protective equipment use among health workers were effective in
mitigating the spread of COVID-19 with varying degrees” [22].

Modelling studies have been conducted to ascertain the effectiveness
of NPIs for reducing SARS-CoV-2 reproduction number (R{) [23,24].
Flaxman, et al. acknowledged that dissecting out the effectiveness of
individual interventions was difficult [23]. The impact of lockdowns was
identified as contributing to an 81% reduction in Rr [23]. Sharma, et
al. concluded that the greatest impacts on R_were achieved by business
closures (35% reduction) and bans on social gatherings (26% reduction),
with lesser impacts achieved through night curfews (13% reduction)
and school closures (7% reduction) [24]. In addition, modelling studies
have attempted to predict the trajectory of pandemic outcomes (peak
number of diagnoses (caseloads), deaths, attack rate, time to peak number
of diagnoses) with and without implementation of NPIs, such as mask-
wearing, hand washing, selfimposed social distancing, government-
imposed social distancing, contact tracing, and/or case isolation [25-27].

Another way to look at the impact of NPIs on the progress of the SARS-
CoV-2 pandemic is to observe resurgence in transmission measures
following relaxation of the voluntary or government-imposed NPIs. A
sampling of the primary literature on this topic is provided in Table 1
[13,14,28]. A depiction of the reduction in COVID-19 caseloads following
implementation of very stringent NPIs and resurgence in COVID-19
caseloads following a decrease in stringency of the NPIs is depicted in
Figure 1, taken from Sullivan, et al. [13] (Figure 1).

The preceding discussion provides an indication of the types of data that
have been reported on the effectiveness of NPIs on measures of SARS-
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CoV-2 spread and COVID-19 caseloads. As is apparent from Table 1, a
variety of NPI have been assessed for effectiveness, through a number of
different measures of disease spread (including caseloads, positive viral
detection, reproduction number, and mortality). The higher stringency
NPI packages, which have included stay-athome orders, bans on small
and large social gatherings, travel restrictions, and personal protective
measures, such as mask wearing and increased hand hygiene, appear to
have realized the greatest impacts on reduction of viral transmission. We
find it surprising that school closures on their own were not found, in
every study, to result in more profound reductions in transmission risk
for SARS-CoV-2. The disparities in conclusions reached in these studies
may have resulted, in part, from the different indices of SARS-CoV-2
transmission used in the studies (especially the use of reproduction
number vs. caseloads).

Quantifying the effectiveness of individual NPI used as components of
an overall NPI package is clearly difficult to accomplish, and the safest
approach to use during this and future pandemics would, therefore, appear
to be a combination of the various social distancing and personal hygiene
measures described (i.e., an NPI package or “Swiss cheese” approach) [29].

OPEN 8ACCESS Freely available online

Impact of SARS-CoV-2 NPI on detection of other

respiratory and enteric viruses

A more comprehensive search of the literature on the impact of NPIs
implemented during the SARS-CoV-2 pandemic on detection of other
respiratory and enteric infections was conducted for this review. As
the 2019-2020 cold and influenza season in the Northern Hemisphere
progressed into 2021, reports began to appear on the rather drastic
decreases in caseloads and positive testing outcomes for respiratory
syncytial virus (RSV) and influenza virus following implementation of
NPIs for the SARS-CoV-2 pandemic [30,31]. An example of the impact
on influenza cases during the 2019-2020 influenza seasons is shown in
Figures 1 and 2, taken from reference [13]. During normal years, both of
these respiratory infections have been associated with significant mortality

in children and adults [30].

Additional reports begin to be appear later in 2021, that discussed
the decreases in incidence of RSV and influenza virus, as well as
other respiratory viruses, especially human metapneumovirus (MPV),
parainfluenza virus types 1-4 (PIV), human coronaviruses (CoV), and
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Figure 1: Notifications for COVID-19 and influenza as related to implementation of NPIs. From Sullivan et al. [13].
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adenovirus (Ad) [32-35]. Certain of these viewpoint articles also speculated
on the possibility of occurrence of additional off-season peaks in respiratory
virus detections/cases. The cold and influenza seasons in the Northern
Hemisphere (typically October through May, with peaks in December
through February) have been unusual. For instance, data from Italy
demonstrated very low respiratory virus detections in 2020 and an atypical
peak occurring in July 2021 [36] (Figure 2). Decreased detection of enteric
viruses has also been reported during pandemic NPI observation periods
in 2020 [37] (Figure 3). The common findings from both hemispheres
have been that the normal cold and influenza seasons have been relatively

OPEN aACCESS Freely available online

non-existent. Many of the other respiratory/enteric infections have also
been observed at decreased numbers, in comparison with previous years.

The results of the primary literature identified on the impact of pandemic
NPIs on respiratory and enteric viral infections have been summarized in
[13,36-60] (Table 2). As will be noticed, these reports describe reductions
in positivity rate, case loads, and reproduction number for respiratory
or enteric viral infections. Detection rates for these respiratory/enteric
viruses were drastically reduced during the periods of most stringent
NPI observation, regardless of geographical region. These papers discuss

Table 2: Impact on respiratory/enteric virus detection following observation and relaxation of non-pharmaceutical interventions.

Intervention Impact on respiratory/enteric viral transmission measures Reference
Impact of observation of non-pharmaceutical interventions
Social distancing, lockdown in Finland Statistically significant decrease iFl rate of dz'iily pediatric ER visits, shortened 38]

influenza and RSV seasons, relative to previous four seasons

Influenza notifications numbered 7,029 from Mar. to Sep. 2020, compared
Travel ban, state border closures, working from home, limits to an average of 149,832 for the same period in 2015-2019. During Mar. to
on indoor and outdoor social gatherings, increased use of ~ Sep. 2020, detections of RSV and influenza virus remained extremely low. [13]
hand hygiene, face mask wearing, in Australia Rhinovirus detections also declined in Apr. 2020, following implementation

of the most stringent restrictions

Following implementation of NPIs, the positivity rate for influenza
Isolation of confirmed/suspected COVID-19 cases, virus detections was reduced by 79%, compared with the two previous
strict community restrictions, travel bans, school and epidemiological years (1 Oct. to 30 Sept.). The influenza virus positivity rate 39]
entertainment venue closures, bans on mass gatherings, approached zero within 7 weeks of NPI implementation. Influenza incidence
compulsory use of face masks, in China and reproduction number (Rt) also declined significantly during these

periods.

NPIs intended to mitigate SARS-CoV-2 transmission reduced influenza
Community lockdown in Wuhan, China and Government  positivity rates in Southern China, Northern China, and the USA during [40]
declaration of a state of emergency in USA the 2019-2020 influenza seasons by 79%, 79%, and 67%, respectively,

compared with modeling based on the rates from previous influenza seasons.
Social distancing: foreign travel ban, gathering bans, public ~ Decreased detection rates for influenza virus A, hERV, MPV, and PIV in (41]
closures, stay at home orders in USA Mar. and Apr. 2020, compared to historical rates for the previous five years

Hospital admissions for acute respiratory illnesses and specifically for RSV
Social distancing, including school closures, travel in children decreased to zero by the second week of Apr. 2020 and remained
restrictions, non-essential business closures, and ban of social there through the third week in May. During the previous ten seasons, (42]

gatherings in Alaska, USA

"23% of admissions occurred between Mar. 28 and 15 May, vs. only 3.6% of
admissions during this period in the 2019-2020 season.

International and state border closures, stay-athome

98.0% and 99.4% reductions in RSV and influenza virus detections in
children through winter 2020 in Western Australia, compared with typical

restrictions in Western Australia seasons (2012-2019). Decreased detection despite school reopening while 431
observing social distancing and increased hygiene
International and state border closures, stay-athome Striking reduction in detection of influenza virus, MPV, PIV, RSV in 2020
restrictions, limiting social gatherings, increased hand vs. 2019. Reduction of Ad and rhinovirus was only observed during national [44]
hygiene in Queensland, Australia lockdown period.
. ) . Respiratory virus surveillance data from Mar. to Jul. 2020 indicated
School closures, ban on public gatherings, non-essential L o o : .
business closures in Alberta. Canada significant reductions in test positivity rates for influenza virus A/B, RSV, [45]
’ MPV, hERYV, and PIV, compared to similar time periods in 2017- 2019.
— . . Significantly decreased detection of influenza virus A/B, RSV, PIV, and
Social distancing, travel restrictions, face mask mandates, . . .
. o MPV in 2020-2021, compared to the pre-pandemic period (2014-2019).
lockdowns, school closures, and increased hand hygiene in ; - oo . ) [46]
Lesser, but still statistically significant decreases in detection of Ad, CoV, and
Canada
hERV were also observed.
NPI Levels 1 (face masks, personal hygiene, social distancing) The more strmge.nt the NPI, the hlgher the r‘educnon in respiratory virus
through 3 (added business, school, event closures) in South rates, per the national respiratory virus surveillance dataset, compared to (47]
Ko ’ ’ 2015-2019. The most striking reductions were for RSV, P1V, influenza virus,
ored CoV, and MPV. Less impacted were Ad and hERV.
. g . . 62.2% and 98.8% reduction in positive tests for pediatric viruses (RSV, PIV,
Movement restrictions, social distancing, face coverings, ) ) ) )
increased hand hygiene in UK influenza virus, enterovirus, Ad) at two large hospitals from Apr. 2020 to [48]
! Mar. 2021, compared to pre-pandemic period (Apr. 2019 to Mar. 2020)
. g . Detection of RSV, influenza virus, MPV, PIV, and CoV were suppressed
National lockdown, social distancing, school and daycare in the period of Mar. to Oct. 2020, compared to similar periods in 2016 to [49]

closures, use of masks in UK

2019.
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Intervention Impact on respiratory/enteric viral transmission measures Reference
National lockdown. social distancine. school and davcare Decreases in hospital admissions for influenza virus (94%), bronchiolitis
T & Y (RSV, 82%) from Mar. 2020 to Mar. 2021 compared to Mar. 2017 through [50]
closures, use of masks in UK
Feb. 2020.
Contact ban, mask mandate, school and venue closures in qu'créage n a.ll respiratory VITUSES ber national survell.lancF: systf.:m,
Germany coinciding with temporary interventions. Influenza virus infections were at [51]
historically low levels throughout the 2020-2021 season.
Predockdown. lockdown. universal mask mandate in Prelockdown measures resulted in decreased cases of influenza and
Singapore ’ ’ respiratory viruses other than hERV and Ad, for which case numbers were [52]
£ap reduced following lockdown, relative to 2019 numbers.
Social distancing, personal hygiene, and universal face mask Statistically significant reductions in hospitalizations for pneumonia and (53]
use in South Korea influenza were observed from Feb. to Jul. 2020, versus 2016-2019.
Among patients hospitalized with respiratory symptoms but negative for
SARS-CoV-2, only 1.8% had influenza virus A, none had influenza virus
Social distancing, mask wearing, hand hygiene in Brazil B, 8.6% had Ad, 26% had rhinovirus 1/2, 14% had rhinovirus 2/2, and [54]
none had enterovirus 68. In 2019, 17.8% of such patients were positive for
influenza virus A.
Social distancing, school and daycare closures, non-essential  75% to 81% reduction in hospitalizations for acute bronchiolitis (primarily
commerce closures, emphasized hygiene measures and mask caused by RSV) in children in Mar. through Jun. 2020, compared to similar [55]
wearing in Brazil time periods in 2016-2019.
Ban of social gatherings, mask mandates, work at home, Significant reduction in incidence of RSV, PIV 1/3, Ad, influenza virus (56]
school closures in Shanghai, China A/B, and MPV in children during 2020, compared to 2019.
Within a month of the national lockdown in Italy, isolations of RSV,
Al i i i
National lockdown in Italy hERV, PIV-1,2,3,4, MPV, mfluenz.a V1rqs, CoV, and Ad were atypically (36]
low, compared to the pre-pandemic period of Jan. to Mar. 2020 and to the
comparable time period in 2019.
Voluntary mask wearing, school closure, social distancing, = Hospitalizations for children decreased by 85% to 99% in 2020, compared
increased hand hygiene, temperature checks, bans on to 2017-2019. This included rates for influenza virus A/B, RSV, Ad, PIV 1-4, [57]
gatherings/events, travel restrictions in Hong Kong MPV, and hERV
Social distancing, school closures, furlough scheme, Comparefi to the S—Yea.r average (2015-2019), laborat'ory—conﬁr'meq caseloads
) ) ) for norovirus were similar through week 6, then begin decreasing in the pre-
entertainment and restaurant closures; partial lockdown in . Y ) 37]
lockdown and early lockdown periods beginning weeks 10-14 and remained
England
very low through week 31.
Impact of relaxation of non-pharmaceutical interventions
Reopening of schools, opening of non-essential retail and
outdoor hospitality, resumption of indoor socialization and  Increases in rhinovirus detection, detection of PIV and CoV. [58]
hospitality in UK
. : Resurgence in rhinovirus detection to pre-pandemic levels, especially in
Reopening of schools and day-care centers in Germany ) [51]
children.
Reopemng of bgs1n§sses apd S,ChO.OlS bue continued mask Resurgence in hERV in September, 13 weeks after reopening [52]
wearing and social distancing in Singapore
Relaxation in social distancing, other local restrictions, Resurgence in RSV detections in children in Western Australia, exceeding
normal school activities, and relaxation of state border the median seasonal peaks from 2012 to 2019, following relaxation of [59]
restrictions in Western Australia restrictions in the fall of 2020.
Relaxation in social distancing, other local restrictions, Resurgence of RSV following termination of lockdowns in Queensland in
normal school activities, and relaxation of state border Dec. 2020. Rhinovirus resurgence to levels higher than observed in 2017- [44]

restrictions in Queensland, Australia

2019 occurred following reopening of schools in late May 2020.

School reopening and relaxation of restrictions of health

Delayed RSV season in fall of 2020, with increased case detection in children
coinciding not with school reopening (maintaining mask wearing) but with

measures for adults in France relaxation of restrictions for adults (easing of travel restrictions, non-essential (60
business opening, etc.)
During the period from Apr. 2021, when restrictive measures were eased, to
) . ) ) ) Nov. 2021, two peaks of respiratory infections occurred, the first starting in
Easing of restrictive measures (including mask wearing and . ; ; )
social distancing) in Ital Jun. 2021 (atypical for respiratory infections) and the second, much greater [36]
& Y peak starting toward the end of Sep. 2021. The infections included RSV,
hERV, PIV-1,2,3,4, MPV, influenza virus, CoV, and Ad.
Reopening of schools, daycare, and relaxation of lockdown  Resurgence in Ad, rhinovirus, RSV, PIV and CoV upon easing of
. o ; [49]
rules in UK restrictions, especially after May 2021.
School reopening in Shanghai, China Resurgence in RSV and PIV 1/3 following school reopening in June. of (56]

2020

Note*: RSV: Respiratory Syncytial virus; PIV: Parainfluenza Virus; Ad: Adenovirus; MPV: Human Metapneumovirus; CoV: Non-SARS-COV-2

Coronavirus; hERV: Human Enterovirus/Rhinovirus
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detection/ transmissibility data for influenza virus [13,36,38-41,43-57],
RSV (bronchiolitis) [13,36,38,42-52,54-57], other respiratory viruses
[13,36,41,44-49,51-54,56,57], or enteroviruses [36,37,41,45-48,52,54,57].
The primary point of discrepancy among these studies involves the
trends for rhinovirus and adenovirus. For instance, some reports describe
decreases in detection of these viruses [36,37,41,45,48,57]. Other reports
suggested that rhinovirus or adenovirus detections were reduced to
lesser extents or were observed only when the most stringent NPIs were

implemented [44,46,47,52,54,58,60] [Table 2].

The literature on the impact of pandemic NPIs on influenza viral infections
has been reviewed by Rizvi, et al. [61]. These authors analysed 28 studies to
attempt to quantify the impact of individual NPIs on measures of incidence,
transmissibility, or mortality. The NPIs evaluated included bans on mass
gatherings, school closures, travel restrictions, workplace policies (work
from home), border restrictions, stay-at-home restrictions, case isolation. It
was concluded that NPI packages were more effective than individual NPIs.
Outbreak severity and timeliness of implementation of interventions was
discussed. The authors stated that “The more widespread the infectious
disease and/or the longer the delay in implementation of a measure, the
more limited the effectiveness of the intervention” [61].

The various non-SARS-CoV-2 respiratory and enteric viral infections
considered in Table 2, are thought to be transmitted from person-to-person
via direct transmission through respiratory droplets/aerosols and indirectly
via fomites and possibly fecal-oral transmission. As such, it should not be
surprising that NPIs intended to mitigate risk for acquiring SARS-CoV-2
also have mitigated risk of acquiring these other viral infections during the

ongoing SARS-CoV-2/COVID-19 pandemic.

Another approach for evaluating the effectiveness of pandemic NPIs
for reducing transmission measures for non-SARS-CoV-2 respiratory
and enteric viral infections is to examine the detection trends following
relaxation of the pandemic NPIs (Table 2). This topic has been addressed
in a number of publications [36,44,49,51,52,56,58-60]. These papers have
examined the consequences of partial relaxation of NPIs, most typically,
easing of travel restrictions and reopening of schools and entertainment
(i.e., non-essential business) venues. Resurgence in RSV cases and delays
in peak caseloads compared with normal RSV seasons have been observed
[44,49,56,59,60]. Rhinoviral and enteric virus detections also have been
reported to increase following easing of NPIs [36,44,49,51,52,58]. A few
papers discussed increases in other respiratory viral infections, such as PIV,
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CoV, MPV, Ad and influenza virus, following easing of NPIs [36,49,56,58].
In some cases, resurgence of detections of RSV or rhinoviruss, have
exceeded peak levels in years preceding the SARS-CoV-2 pandemic [59,44].

Li, et al. examined the factors underlying the resurgence of RSV following
relaxation of pandemic NPIs in eighteen countries [62]. The authors
concluded that the full re-opening of schools represented the predominant
risk factor, with climate (lower temperatures) and duration of time since
the last outbreak (higher susceptible population) also being important
drivers. Baker, et al. used modelling to attempt to predict the impacts
of different durations of NPI observation on the timing and severity of
RSV and influenza outbreaks that might occur following cessation of NPI
[63]. They suggest that longer periods of NPI observation may lead to the
build-up of greater populations of susceptible individuals and, therefore,
atypically earlier start to the RSV seasons and greater peak caseloads.

In view of the very light caseloads of the non-SARS-CoV-2 respiratory and
enteric viral infections observed globally during the extended SARS-CoV-2
pandemic, concern has been expressed about severe resurgence of these
viral infections (especially RSV and influenza) during the upcoming cold
and influenza seasons. There may be more people that are vulnerable to
such infections, due to waning of immunity [36,63-66]. Not only children
are at risk, as the elderly may also be vulnerable [30,64-66,35,63]. As a
result of this concern, arguments have been made for retaining at least
certain of the pandemic NPIs through the upcoming cold and influenza
seasons to help mitigate this risk. In the next section of this mini-review,
we provide recommendations on the measures that might appropriately
be taken in the postpandemic future. Of course, the emergence of new
SARS-CoV-2 variants on a relatively continuous basis, with some being
more transmissible and causing more severe COVID-19 disease than
others, makes predictions of when we truly will be in a post-pandemic
state challenging. At the time of writing of this mini-review, attention was
being paid globally to the Omicron BA.1, BA.2, BA.3 variants and variant
recombinants, such as the Delta-Omicron recombinant [67,68].

Learnings from the SARS-CoV-2 pandemic inform

recommendations for observation of NPIs in the post-
pandemic future

What should constitute the NPI package to be utilized in the future to
mitigate risk of outbreaks of respiratory/enteric viruses, whether during
typical winter seasons, or during offseason peaks! In Asian countries,
people historically have been much more likely to observe routine facemask

Table 3: Recommendations for observation of NPIs by healthy people in the post-pandemic future.

Personal
High-risk activities protective HVAC/air purification
equipment
Hospital/health
ospital/healthcare Face mask HEPA filter recirculated air or 100% fresh air

center waiting room

Retirement home

. Face mask HEPA filter recirculated air or 100% fresh air
for seniors
Attending concert/ ' ) ) .
Face mask HEPA filter recirculated air or 100% fresh air
Sports venue
Air or bus travel Face mask HEPA filter recirculated air or 100% fresh air

Crowded bar
Daycare center

Hospitality business
School

Workplace

Room air purifiers

Retail businesses Room air purifiers

At home

Room air purifiers

J Appl Microbiol Open Access, Vol.8 Iss.4 No:100229

HEPA filter recirculated air or 100% fresh air

HEPA filter recirculated air or 100% fresh air

HEPA filter recirculated air or 100% fresh air

Hand and surface hygiene

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

HEPA filter recirculated air or 100% fresh air Increased hand/surface targeted hygiene, disinfection of toys

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

Increased hand/surface targeted hygiene, avoid touching face, nose,
mouth

Practice good hand and surface hygiene
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Figure 3: Laboratory-confirmed notification of norovirus infections in England during 2020, compared to the five-year average (2015-2019) (from
reference [37]). Pandemic phases: 1, pre-outbreak; 2, early outbreak; 3, pre-lockdown; 4, early lockdown; 5, late lockdown; 6, lockdown easing; 7,

wearing in the setting of community or personal infection. Globally,
including within the United States and Europe, the SARS-CoV-2 pandemic
has made mask wearing more acceptable, albeit perhaps grudgingly. What
about other NPIs? We make the case here for a more targeted approach for
apparently healthy people that includes use of selected NPIs during high-
risk activities and in the setting of increased community infection. The
latter may now be indicated in locations where surveillance techniques for
estimating community infection level, such as sewage monitoring for viral

RNA, have been implemented [69,70].

Our recommendations Table 3, take into account the degree of
transmission risk imparted by different social situations, as well as the
realities of compliance expectations (it is unlikely that healthy patrons will
wear face masks at the neighbourhood bar, unless forced to by government
mandate). In addition, the voluntary NPIs listed below could be complied
with to the degree that risk of infection transmission in the community
exists.

In lieu of having customers and patrons utilize personal protection,
businesses and entertainment venues might invest in Heating, Ventilation,
and Air Conditioning (HVAC) or air purifying technologies which are
available. These include 100% exhausting/high air change systems,
or alternatively, air purifying technologies for air that is intended to be
recirculated. Air sanitization practices, including use of portable room air
purifiers and use of HEPA filters, are recommended by the U.S. Centers
for Disease Prevention and Control (CDC) and other regional public
health agencies, including the Chinese CDC, European CDC, and the
World Health Organization [3,4,71-73]. Other air purifying technologies
include UVC irradiation of air intended to be recirculated. The simplest
technology, of course, is to provide 100% fresh air with adequate air
changes per hour to prevent stagnant, contaminated air from accumulating
within an indoor space.

Individuals with clinical signs of respiratory illness should observe the more
stringent measures followed during the SARS-CoV-2 pandemic, in order
to limit transmission of their infections to others. In other words, these
individuals should wear masks and should engage in cough etiquette when
in public. They should avoid crowded locations, avoid air and bus travel,
and to the extent possible should work from home and self-quarantine.
If this is done, the risk to the healthy population will be lessened and the
recommendations mentioned in Table 3 above will be more effective at
limiting transmission of an emerging respiratory or enteric virus.

DISCUSSION

Non-pharmaceutical interventions for mitigating risk of transmitting
SARS-CoV-2 were implemented to varying degrees and for varying
durations globally during the pandemic. The breadth and stringency of
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these NPIs were unprecedented and, other than the response to SARS-
CoV in China and limited other global regions, which emerged in 2003,
have not been implemented to this degree since the 1918 influenza
pandemic. As a result of the severity of the SARS-CoV-2 pandemic, from
both public health and regional economy points of view, research during
the 2020-2021 timeframe has to a great extent focused on topics related
to the SARS-CoV-2/COVID-19 pandemic. The massive proliferation of
literature on various topics relating to the pandemic, and the rather novel
use of preprints for the rapid dissemination of information, has resulted
in studies with some limitations. In fact, the majority of the studies
reviewed in this mini-review acknowledged limitations, some of which are
discussed below. The evidence summarized in this mini-review indicates
that the NPIs were effective in reducing transmission of both the SARS-
CoV-2 virus and other infectious respiratory and enteric viruses. In most
studies reviewed, it was acknowledged by the authors that it was difficult to
determine quantitatively the effectiveness of individual NPIs. This is due to
the fact that most regional health authorities mandated NPI packages (i.e.,
a broad range of social distancing and hygiene approaches implemented
concurrently). In some cases, NPIs were implemented or were relaxed in
staged approaches (that is, implemented in increasing stringency over time
and relaxed in decreasing stringency over time), thus allowing for some
assessment of individual NPIs or abbreviated NPI packages.

The importance of NPI was emphasized during the SARS-CoV-2
pandemic, in part due to the possibility of reinfection of individuals
with the virus after initial infection. At the beginning, it was not clear
to what extent such re-infection might occur. In other words, even if one
acquired natural immunity through experiencing a primary SARS-CoV-2
infection, the possibility existed that a subsequent infection of the same
virus or variants of this coronavirus might be acquired through relaxation
of observance of one or more of the NPI. Further the evolution of the
ongoing pandemic has resulted in emergence of a series of variants,
subvariants, and recombinants of SARS-CoV-2, some of which have been
declared variants of concern due to increased transmissibility, exhibition
of immune escape, virulence, or all of the above. Search of the relevant
literature indicates that, in fact, the frequency of reinfection, whether with
the same virus or with a variant, has been very low, with measured attack
rate being less than 1% in previously infected people vs. 4.3% in previously
uninfected people in one study and 0.65% in previously infected people
vs. 3.27% in previously uninfected people in another study [74,75]. Since it
is not yet clear which individuals will respond to either naturally acquired
SARS-CoV-2 infections, or vaccines directed against the SARS-CoV-2
spike (or other) proteins, with a robust and lasting immune response, the
observation of NPI in vaccinated people as well as in people following
natural infections remains of high importance.

Perhaps the most surprising outcome of this minireview was the
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discrepant assessments of the effectiveness of school closures for reducing
the transmission of SARS-CoV-2 and other respiratory and enteric viruses.
This point was brought up in certain of the reviewed papers. For instance,
Edwards, et al. noted that reductions in RSV caseloads persisted even
when schools reopened in Australia [34]. This was considered remarkable,
since school-aged children are major vectors for transmitting RSV and
influenza virus to younger children at home [76,77]. El-Heneidy, et al.
noted that rhinoviral detection rates increased when schools reopened
in Australia, speculating that this was due to children being the key
reservoirs for rhinoviral spread [44]. The findings from certain of the
reviewed studies that school closures represented a less important factor
for reducing transmission of these viruses were surprising to us as well, and
as mentioned previously, may relate in part to the different transmission
endpoints used in the studies (i.e., caseloads or positive virus detection
outcomes wvs. reproduction number, etc.). One might also speculate
that children are more liable to respond to SARS-CoV-2 infection with
asymptomatic or mildly symptomatic cases and, therefore, to shed less
virus, although this remains a controversial topic. Rostad, et al. analyzing
a dataset published by Chung, et al. concluded that children were less
frequently symptomatic than adults, and when symptomatic had fewer
symptoms and a shorter duration of symptoms [78,79]. Rostad, et al.
concluded that “Taken together, these findings suggest that children may
be less likely to transmit SARS-CoV-2 because of reduced frequency and
severity of symptoms, which are associated with reduced viral load.” This
conclusion differs from that of Jones, et al. who concluded that “PAMS
[Presymptomatic, Asymptomatic, and Mildly Symptomatic] subjects had, at
the first positive test, viral loads and estimated infectiousness only slightly
less than hospitalized patients [80]. Similarly, children were found to have
mean viral loads only slightly lower (0.5 log,, units or less) than those of
adults and ~78% of the adult peak cell culture isolation probability.”

In certain of the studies reviewed in Table 2, it was reported that thinovirus
and adenovirus detection rates were reduced during the SARS-CoV-2
pandemic to lower extents, and/or only during the most stringent NPIs,
compared with other respiratory viruses. The best discussion of possible
reasons for this has been offered by El-Heneidy, et al. [44]. The reasons
discussed included greater likelihood of seeking viral testing in individuals
exhibiting symptoms of respiratory infections, reopening of schools during
periods of easing of restrictions, the possibility of rhinovirus (a respiratory
virus) being spread also by the oral-faecal route, and the fact that rhinovirus
and adenovirus are non-enveloped viruses that exhibit lower susceptibility
to non-Hformulated alcohol- and detergentbased hand hygiene agents
[81,82]. Finally, these authors cited a paper suggesting that rhinovirus in
droplets (>5 pm in size) or aerosols (< 5 pm in size) is less efficiently filtered
by the commonly used surgical face masks than coronavirus [83]. The latter
finding would not be expected to apply to N95 masks, as testing of an
example of the latter by Zhou, et al. indicated that these should be equally
capable of filtering the enveloped influenza virus and the non-enveloped
rhinovirus [84].

While the studies reviewed in our paper addressing the efficacy of
masks as an NPI for reducing risk of acquiring a viral infection have not
differentiated between surgical and N95 masks, the differences between
NO95 masks and the surgical masks and fabric masks more typically utilized
during the SARS-CoV-2 pandemic deserve some additional discussion.
Surgical masks and fabric masks are typically multi-layered, albeit relatively
loose fitting and are intended primarily to serve as a barrier to passage of
large droplets or sprays. These serve primarily to protect other individuals
in the vicinity of an infected person from viral particles that might be
emitted during coughing, sneezing, or speaking of the infected person. For
this reason, surgical masks are used in healthcare settings to protect the
surgical field [85]. Since such a mask does not serve as an effective barrier
for preventing exposure to virus-containing aerosols, small droplets, etc.,
it becomes apparent that these masks are primarily useful for preventing
transmission of an infection from the mask wearer to others, rather than for
protecting an uninfected mask wearer. An N95 mask, on the other hand,
is one which has been certified by the National Institute for Occupational
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Safety NIOSH) to seal to a wearer’s face (requiring a procedure for fitting
the mask to the individual) in order to achieve the intended effectiveness of
filtering 95% of particles with a mass median diameter of 0.3 micrometers
(300 nm) [85]. While coronaviruses are on the order of 60-140 nm in
particle size, the aerosols and droplets containing the viruses are expected
to be larger in aerosolized body secretions emitted from infected person
(<500 nm for respiratory aerosols) [86,87]. Thus, the N95 mask would be
expected to protect both an uninfected wearer as well as individuals in the
vicinity of an infected wearer, provided that the N95 mask has properly
been fitted to the wearer. However, from a practical standpoint, cost and
the requirement for fit testing preclude more widespread use of N95 masks
during pandemics

The impact of the NPIs implemented during the SARS-CoV-2/COVID-19
pandemic on the risk of acquisition of enteric pathogens was not limited
only to viruses such as human enteroviruses, adenoviruses, or noroviruses,
although that is the primary topic of this paper. In fact, detection rates
for additional enteric pathogen-associated illnesses, including those
attributed to enteropathogenic bacteria (eg., Campylobacter spp, Shiga
toxin producing Escherichia coli, Listeria spp, non-typhoidal Salmonella spp,
typhoidal Salmonella, Shigella spp), and enteric protozoan parasites (eg.,
Cryptosporidium spp. and Giardia sp.) were also reduced [37,88,89].

CONCLUSION

Notwithstanding the limitations of the studies reviewed herein, it is clear
that reductions in detection rates for a variety of respiratory and enteric
viruses occurred concurrently with implementation of NPIs intended to
mitigate risk of transmission of SARS-CoV-2 during the SARS-CoV-2/
COVID-19 pandemic. These results demonstrate the general utility of
the NPI packages and individual NPIs (including mask wearing, avoiding
large social gatherings, other forms of social distancing, case quarantine,
travel restrictions, and targeted surface hygiene, hand and air sanitization,
etc.) for mitigating spread of respiratory viruses. These NPIs especially
pertain to individuals with obvious clinical symptoms, in order to prevent
transmission to healthy people. Moving into the postpandemic future,
we should be vigilant, pre-emptively taking advantage of the learnings
described above as we experience further variants of SARS-CoV-2,
including its Omicron BA.1 through 5 variants and variant recombinants,
such as the Delta-Omicron “deltacron” recombinant as well as other
emerging or re-emerging respiratory or enteric viruses.
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