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Abstract

Background Non-pharmaceutical interventions (NPIs) are the cornerstone of infectious disease outbreak response in the
absence of effective pharmaceutical interventions. Outbreak strategies often involve combinations of NPIs that may change
according to disease prevalence and population response. Little is known with regard to how costly each NPI is to implement.
This information is essential to inform policy decisions for outbreak response.

Objective To address this gap in existing literature, we conducted a systematic review on outbreak costings and simulation
studies related to a number of NPI strategies, including isolating infected individuals, contact tracing and quarantine, and
school closures.

Methods Our search covered the MEDLINE and EMBASE databases, studies published between 1990 and 24 March
2020 were included. We included studies containing cost data for our NPIs of interest in pandemic, epidemic, and outbreak
response scenarios.

Results We identified 61 relevant studies. There was substantial heterogeneity in the cost components recorded for NPIs in
outbreak costing studies. The direct costs of NPIs for which costing studies existed also ranged widely: isolating infected
individuals per case: US$141.18 to US$1042.68 (2020 values), tracing and quarantine of contacts per contact: US$40.73 to
US$93.59, social distancing: US$33.76 to US$167.92, personal protection and hygiene: US$0.15 to US$895.60.
Conclusion While there are gaps and heterogeneity in available cost data, the findings of this review and the collated cost
database serve as an important resource for evidence-based decision-making for estimating costs pertaining to NPI imple-

mentation in future outbreak response policies.
Key Points for Decision Makers

There are gaps in existing non-pharmaceutical inter-
vention cost data literature both geographically and by
intervention.

Publishing costs for the SARS-CoV-2 pandemic out-
break responses will help fill these gaps.
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outbreak response strategies to protect population health.
Countries have had to implement non-pharmaceutical inter-
ventions (NPIs) in the absence of suitable vaccines and other
medical interventions as part of their outbreak mitigation or
suppression strategies [1]. NPIs often come with a direct and
socioeconomic cost, as in addition to administration costs
or lost wages, they often require changes in behavioural pat-
terns, which in turn, have wider impacts such as productivity
losses or reduced consumption.

Considering that NPIs have been adopted at scale by
nearly all countries globally as a response to SARS-CoV-2 in
2020, and for prolonged periods of time, discussion regard-
ing the burden brought by the costs associated with NPIs has
become commonplace [2]. Countries were making decisions
on suppression and mitigation strategies early on in the pan-
demic while ignoring the costs associated with these inter-
ventions when implemented on a large scale. As the costs
and scale of interruption associated with the SARS-CoV-2
pandemic and control interventions are becoming apparent,
the current pandemic also acts as a prompt to consider the
costs of NPIs associated with outbreak response strategies
generally. Knowing the costs of NPIs would help countries
to make informed evidence-based decisions when decid-
ing on NPIs for future outbreaks, leading to more resilient
health systems. This being said, NPI costs remain relevant
for SARS-CoV-2 as although vaccines are being rolled out, it
will likely still be many months before populations are vac-
cinated at a level that would allow for NPIs to be completely
lifted around the globe.

Previous literature reviews on NPIs have focussed on par-
ticular pathogens or NPIs. Examples of such reviews include
school closures for influenza pandemics, or travel bans, [3,
4]. To our knowledge, a comprehensive systematic review
covering all the literature on costs for all settings and patho-
gens for community-based NPIs does not yet exist. There is a
great need for this review, as we need to map what is known

Table 1 Inclusion and exclusion criteria for the literature review

about the costs of these community-based NPIs for differ-
ent settings and for different pathogens so that knowledge
gaps can be identified and filled to improve the evidence
available, and to inform future strategies relating to outbreak
response in cases where pharmaceutical interventions are not
available or feasible.

The aim of this review is to provide a comprehensive
overview of the existing literature on the costs of commu-
nity-based NPIs. We cover the costs of NPIs relating to iso-
lating infected individuals, contact tracing and quarantine,
travel and flight restrictions, social distancing, point-of-entry
measures, and personal protection and hygiene in relation
to outbreaks in non-hospital settings. We include studies
that are both presenting outbreak response costs as well as
simulation studies.

2 Methods

The objective of this literature review was to capture the
literature on costs of community-based NPIs for different
types of outbreak settings. Studies of interest were separated
into two categories: outbreak costing studies, and simula-
tion studies. We define outbreak costing studies as studies
which contain observed primary costs for components of
NPI implementation in outbreak response scenarios, which
could be used in economic models and future policy deci-
sions. Simulation studies, on the other hand, are more use-
ful for identifying relevant literature on applying different
NPI modelling strategies, or for policy-making purposes
where comparative costs between different strategies are
considered.

Inclusion

Exclusion

Contains cost data of defined interventions® of interest or on items relating to
these interventions in pandemic, epidemic, or outbreak scenarios related to

humans

Original articles or reviews published or accepted in a peer-reviewed journal or

reports
Modelling studies estimating costs for defined interventions®

Does not contain cost data on direct OR socio-economic
costs of defined interventions® in pandemic, epidemic, or
outbreak scenarios

Intervention done to animals

Cost data for diseases in endemic settings or chronic illnesses
Duplicates
Not in English

Editorials, commentaries, letters, conference abstracts.
(items that are not original articles or reviews published or
accepted in a peer-reviewed journal or reports)

*Defined interventions: isolation of infected individuals, contact tracing and quarantine, travel and flight bans, social distancing, measures at
point-of-entry, personal protection and hygiene, community stay at home orders
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2.1 Inclusion and Exclusion Criteria

Table 1 presents the inclusion and exclusion criteria for
our review. We considered outbreaks affecting the human
population (excluding outbreaks in animals) in any location
published from 1990 onwards for any non-chronic infectious
disease. We only included original articles or reviews pub-
lished or accepted in a peer-reviewed journal or published
reports from official public health bodies, such as the Cent-
ers for Disease Control, published in English. We focused
on interventions in the community, as these are most likely
to provide useful information to inform response strategies
for larger outbreaks, such as SARS-CoV-2. Studies involv-
ing hospital employees were included if the hospital was
within a community outbreak (e.g., costs of home isolation
of infected healthcare workers during community-wide
HINI influenza outbreak), otherwise we excluded hospital-
based studies as we deemed them to not be representative of
a general community outbreak scenario. Studies for which
pharmaceutical intervention costs could not be separated
from non-pharmaceutical intervention costs were excluded.

2.2 Non-pharmaceutical Interventions of Interest

We considered NPIs that related to isolating infectious
individuals or contacts, or included community interven-
tions aiming to reduce community contacts through social
distancing, such as curfews, school closures, workplace
contact reductions (through closure, workplace or school
absenteeism, or remote working), and wider crowd avoid-
ance measures such as avoiding public transport and events.
We also included stricter community-wide social distanc-
ing interventions, such as community-wide or country-wide

stay-at-home orders. Additionally, we included travel restric-
tions and border closures and measures at points of entry,
focussing on scans or screens done when individuals are
entering or exiting a country or region. For personal pro-
tection measures, we included community-based usage of
face masks, gloves, hand hygiene measures, and sanitisation
protocols of contaminated surfaces. Table 2 presents a full
list of NPIs considered.

2.3 Intervention Costs of Interest

For outbreak costing studies, we extracted costs incurred by
the individual affected by the NPI (e.g., wages lost due to
home quarantine), costs incurred by the government, busi-
ness, or public health body due to administering the NPI
(e.g., contact tracing activities, face masks), and information
relating to labour (e.g., number of hours spent on contact
investigation per contact). We did not extract costs that were
linked to pharmaceutical interventions that were combined
with an NPI (e.g., vaccine administration costs) or case man-
agement in hospitals. For simulation studies, we included
studies which presented costs separately from pharmaceuti-
cal costs. We covered simulation studies presenting any kind
of financial impact, from cost calculations to reductions in
gross domestic product.

For the quarantine of infectious individuals and their
contacts, we considered cost or labour data relating to quar-
antine in a non-hospital setting. We excluded the costs of
quarantine in hospital settings, as we considered them to
not be representative of the costs relating to a community-
based quarantine intervention due to the additional costs
of components such as medical staff and hospital beds. We
included costs relating to testing for infection only if testing

Table 2 A list of non-

L . Non-pharmaceutical intervention
pharmaceutical interventions

Sub-categories of intervention

considered in this literature
review

Isolation of infected individuals

Tracing and quarantine of contacts

Social distancing

Strict social distancing

Travel & flight bans

Measures for persons at point-of-entry

Personal protection & hygiene

Non-hospital case quarantine

Contact tracing
Non-hospital contact quarantine
Household quarantine

Curfew

School closure
Workplace closure
Workplace absenteeism
Working from home
Crowd avoidance

Community stay-at-home orders

Country stay at home orders

Any sort of travel restriction, ban, or border closure
Scans/screens done when entering/exiting a country/region
Face masks

Hand hygiene (hand washing, sanitising, etc.)

Sanitising contaminated surfaces

Using gloves
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was a component of the case identification and contact trac-
ing protocol. With regard to contact tracing, we were inter-
ested in the community investigation costs and not pharma-
ceutical intervention costs. This meant that studies which
did not separate non-pharmaceutical contact investigation
costs from the vaccine or prophylactic treatment costs were
excluded.

All costs from the outbreak-costing studies were con-
verted to 2020 USD (mid-year, June) by first inflating the
cost in its original reported currency to 2020 and then con-
verting the value to USD [5]. The initial consumer price
index was matched to the month when the intervention
occurred, or the mid-point of the intervention timing if
it lasted for a longer time-frame. The method of inflation
adjustment followed the following formula:

Consumer Price Index 2020
Consumer Price Index initial”

Initial value X

The Consumer Price Index used was that of the Interna-
tional Monetary Fund [6]. Bloomberg’s currency conversion
charts were used for currency conversion to USD [7].

The outputs of simulation studies were not converted as
they are often the outcome of multiple inputs and assump-
tions, meaning that converting their outcomes would not be
appropriate.

2.4 Search Strategy

We searched the MEDLINE and EMBASE databases for
studies pertaining to the NPIs described in Table 1 on 24
March 2020. The search strategy, including the search
strings, can be found in the supplement file called “Search
strategy”. The two databases were chosen, as they are
the major databases that cover literature on pandemics,

epidemics, and outbreaks, leading us to believe that other
databases would have likely only added duplicate references.

The literature review was conducted systematically,
meaning that at both title and abstract screening and full
text screening, each paper was examined by two review-
ers of the review team, these included ABH, ALS, HAS,
JS, JWEO, LC, LD, MX, and SSW. Conflicts were resolved
in conflict resolution meetings between two members of
the review team (JS, JIWEO). We followed a first-degree
snowball approach for the relevant reviews identified in our
screening process, where studies in the identified review
were evaluated for inclusion, but second-degree references
(references of references) were not. We enquired about full
texts of difficult-to-find studies through the British Library.

We adapted the British Medical Journal guidelines for
assessing economic studies [8]. Our quality assessment
contained 26 points, some of which were exclusive only to
simulation studies. We categorised studies as low, medium,
or high quality based on the proportion of “Yes” scores to
the total number of points that were applicable to the study.
Studies of low quality covered 25 % or fewer of the points,
studies of moderate quality covered between > 25 % and <
75 % of the points, while studies of high quality covered >
75 % of the points. See supplementary spreadsheet for indi-
vidual quality assessment scores for each study.

We registered the literature review on PROSPERO
(review ID CRD42020177418).

3 Results
3.1 Studies Identified

We identified 4599 studies for title and abstract screening,
4359 of which were excluded and 121 studies were assessed

Fig. 1 Flow diagram of litera-
ture review and studies identi-

‘ 4599 studies imported for screening

‘ 110 duplicates ‘

fied, included, and excluded at
each stage of the review process i

‘ 4489 studies screened

} 4359 irrelevant ‘

/\

9 reviews reference-checked

‘ 121 studies assessed for eligibility

64 excluded:
34 had no cost data
15 were not community-based

l

4 studies included from
review references

8 did not separate cost data
l 3 were grey literature

2 were not in English
1 was not found

57 studies included 1 was a duplicate

\/

‘ 61 studies included ‘
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for eligibility during full-text screening. Additionally, nine
reviews were reference checked. Consequently, we identi-
fied a total of 61 relevant studies with cost information on
relevant NPIs (27 costing studies and 34 simulation studies).
Of these 61 studies, 4 were identified through reference-
checking reviews relevant to the NPIs of interest, while the
remaining 57 were identified directly through the MEDLINE
and EMBASE search (see Fig. 1). At the full-text screening
phase, there was disagreement between reviewers regarding
inclusion for 27 (22.3%) studies. Of the included studies,
1.6% (1/61) were assessed as being of low quality, 44.2%
(27/61) were assessed as being of moderate quality, and
54.1% (33/61) were assessed as being of high quality (see

supplementary spreadsheet for full quality assessment for
each study).

In the following sections, we present the identified cost
and simulation evidence for each category of NPI (see Fig. 2
for number of studies by intervention). Due to the hetero-
geneity of costs recorded for the implementation strategies,
it was deemed inappropriate to pool cost estimates. Hence,
here we present the range of costs identified when there are
comparable intervention components.

3.2 Non-hospital Isolation of Infected Individuals

We identified 11 outbreak costing studies relating to isolat-
ing infected individuals at home or in a hotel in outbreak
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Fig.2 Bar plot of the number of studies that contain cost data for each non-pharmaceutical intervention for outbreak costing studies (light grey)

and simulation studies (dark grey)
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Table 3 Identified outbreak costing studies that contained cost or labour information on non-pharmaceutical interventions

1st author, Year of interven- Country  Pathogen Target group Intervention Cost measured Cost
Publication year  tion characteristic
[Reference]
Isolating infectious individuals
Christie, 1995 [9] 1993 USA Pertussis Healthcare work-  Furloughing Cost per case 971.26
ers during pan- isolated infected
demic influenza  individuals
Case confirma- Laboratory testing 71.42
tion (per sample)
Wahl, 2011 [10] 2009 Norway  Escherichia coli Parents of Isolating infected Work-days lost 25.38
children in children by parents per
child-care infected case
Ma, 2017 [11] 2015 China Measles Office workers Isolating infected Mean work-days 8.7 (95 % CI
lost 8.5-8.9)
Mean wages lost  593.14 (95 %
CI: 546.03-
640.24)
Galante, 2012 2009-2010 Spain HINI1 Community Isolating infected Cost of work 672.05
[12] absenteeism
Cost of work 57.51
absenteeism due
to caregiving
responsibilities
Mota, 2011 [13] 2009 Brazil HINI1 Physician in com- Isolating infected ~Staff replacement 276.66
munity outbreak (cost per day)
Productivity loss  122.85
(cost per day)
Nurse in commu- Isolating infected ~ Staff replacement 82.84
nity outbreak (cost per day)
Productivity loss ~ 98.98
(cost per day)
Nurse assistant Isolating infected ~ Staff replacement 53.85
in community (cost per day)
outbreak Productivity loss ~ 50.65
(cost per day)
Sugerman, 2010  2008-2009 USA Measles Children Isolating infected Mean cost per 946.57
[14] children case
Case confirma- Laboratory work 322
tion (hours per con-
firmed case)
Laboratory 641.35
materials and
work (cost per
confirmed case)
Gallagher, 2013 2009 USA Escherichia coli Parents of isolat-  Isolating infected In-home childcare 1814.05
[15] ing children children cost
Ooi, 2005 [16] 2003 Singapore SARS Community Quarantine Cost per case 340.23
enforcement
and surveillance
Quarantine com-  Cost per case 71.63
mand centre
Quarantine allow- Cost per case 322.32
ance
Emergency call Cost per case 71.63

centre and
ambulance
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Table 3 (continued)

1st author, Year of interven-
Publication year  tion
[Reference]

Country

Pathogen

Target group

Intervention
characteristic

Cost measured

Cost

Wang, 2012 [17] 2009

Coleman, 2012
[18]

2010

Bownds, 2003
[19]

1998

Tracing and quarantine of contacts
Wang, 2012 [17] 2009

Parker, 2006 [23] 2005

China

USA

USA

China

USA

HINI1

Measles

Hepatitis A

HINI1

Measles

Community

Community

Community

Community

Community

Isolation of
infected

Case confirma-
tion

Quarantine of
infected indi-
viduals

Case quarantine

Contact quaran-
tine

Contact observa-
tion
Laboratory costs

Contact tracing

Inspection cost
per case

Disinfectant cost
per case

Home medical
observation cost
per case

Labour hours (per
sample)

Labour costs (per
sample)

Screening kit cost
(per sample)

Labour hours per
case at quaran-
tine stations

Labour costs per
case at quaran-
tine stations

Cost of labora-
tory tests and
procedures (per
sample)

Productivity loss
due to staying at
home when ill
(per case)

Quarantine at
home (per
person)

Quarantine at
hospital (per
person)

Quarantine in
hotel (per
person)

Isolated observa-
tion

Network labora-
tory

Specimen collec-
tion

Virus isolation
and identifica-
tion

Nucleic acid
detection

Serology tests

Investigation
hours

Laboratory work
hours

29.48

20.95

90.75

0.5

17.86

141.9

330.28

20.05

4038.23

40.73

724.94

1062.32

4778.33

140.33

26.41

237.65

528.1

66.01
11.9

9.33

A\ Adis



680

J.E. Skarp et al.

Table 3 (continued)

1st author,
Publication year
[Reference]

Year of interven-
tion

Country

Pathogen

Target group

Intervention
characteristic

Cost measured

Cost

Pike, 2020 [24]

Rosen, 2018 [25]

Sugerman, 2010
(14]
Dayan, 2005 [26]

Flego, 2013 [27]

2016-2017

2013

2008

2004

2011

USA

USA

USA

USA

Australia

Mumps

Measles

Measles

Measles

Measles

Community

Community

Children

Community

Community

Contact tracing
for outbreak
containment

Laboratory costs

Contact tracing
activities

Laboratory

Contact tracing

Contact tracing

Contact tracing

Overall costs
(total)

Labour costs
(total)

Travel costs
(total)

Personnel hours
(total)

Tests (per sample)

Supplies and
equipment
(total)

Community
outreach (h
per identified
contact)

Administration
(h per identified
contact)

Advertising (h
per identified
contact)

Laboratory
personnel (h per
sample)

Laboratory sup-
plies and testing
($ per sample)

Investigation (h
per contact)

Investigation (h
per contact)

Public informa-
tion (cost per
contact)

Personnel cost
(per contact)

Personnel time
(mean h per
contact)

Laboratory (cost
per tested
contact)

Telephone (cost

per contact call)

Stationery and
mail (cost
per contacted
contact)

941104.38

503687.63

88927.80

12585

18.53
114861.53

0.29

0.13

8.63

57.63

214.96

0.49

0.75

1.80

23.96

0.63

25.88

0.51

2.8

A\ Adis



Reviewing the Costs of Non-pharmaceutical Interventions Against Infectious Diseases

681

Table 3 (continued)

1st author,
Publication year
[Reference]

Year of interven-

tion

Country

Pathogen

Target group

Intervention
characteristic

Cost measured

Cost

Ma, 2017 [11]

Gallagher, 2013
[15]

Social distancing
Borse, 2011 [28]

Chen, 2011 [29]

Gift, 2010 [30]

2015

2009

2009

2009

2009

China

USA

USA

Taiwan

USA

Measles

Escherichia coli

HINI1

HIN1

HINI1

Children

Parents of ele-
mentary school
children

Parents of ele-
mentary school
children

Parents of ele-
mentary school
children

Contact tracing
and surveillance

Field investiga-
tion

Laboratory test-
ing of contacts

Laboratory test-
ing of contacts

School closure

School closure

1 week school
closure

Cost (per contact)

Time (h per
contact)

Cost of contact
tracing and sam-
ple collection
(per contact)

Hours taken to
contact trace
(per contact)

Cost of labora-
tory work (per
sample)

Hours of labora-
tory work (per
sample)

Cost of kit (per
sample)

Cost (per sample)

Households
where at least 1
adult took time
off work (%)

Households
where no adults
took time off
work (%)

Average income
loss (per house-
hold)

% of households
where 0 days of
work were lost

% of households
where 1 days of
work were lost

% of households
where 2 days of
work were lost

% of households
where 3 days of
work were lost

% of households
where 4 days of
work were lost

% of households
where 5 days of
work were lost

42.99
2.12

1.01

0.07

11.83

101.91

37.76

183.15

17

83

33.76

78.5

6.1

33

1.9

1.9

8.4
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Table 3 (continued)

1st author, Year of interven- Country  Pathogen Target group Intervention Cost measured Cost
Publication year  tion characteristic
[Reference]
Johnson, 2008 2006 USA Influenza B Households with  2-week school Households 3.2
[31] elementary closure where adults
school children missed at least 1
day of work (%)
Russell, 2016 [32] 2013 USA ILI Households with 4 work-day Cost of childcare 111.95
school children school closure for households (34.70—
that required it 167.92)
(median, min-
max)
Personal protection and hygiene measures
Tracht, 2012 [33] 2009 USA HINI1 Community N95 mask Cost per mask 2.14
Ma, 2017 [11] 2015 China Measles Office workers Disposable mask  Cost per mask 0.32
Hand sanitiser Cost per bottle 5.09
Mukerji, 2017 2008-2010 China Influenza Healthcare Medical mask Cost per mask 0.15
(34] workers during  N95 mask Cost per mask 0.87
community
transmission
Baracco, 2015 2013 USA Influenza Healthcare N95 mask Min/max cost per 0.28-0.73
[35] workers during mask
community Reusable mask Min/max cost per 27.99-55.97
transmission mask
Set of filters for ~ Cost per set 2.8
reusable mask
Air-purifying Min/max cost per  559.75-
device device 895.60
Air-purifying Cost per battery ~ 279.87
device battery
Additional hood  Cost per hood 33.58
for purifier
Additional tubes  Cost per tube 33.58

for purifier

All costs converted to 2020 USD unless indicated otherwise, original costs presented in supplementary spreadsheet

AUD Australian Dollars, CAD Canadian Dollars, CGE Computable General Equilibrium, GDP Gross Domestic Product, /# hours, ICER incre-
mental cost-effectiveness ratio, RO basic reproduction number, SEIR susceptible-exposed-infected-recovered, SEIQR susceptible-exposed-
infected-quarantined-recovered, S/ susceptible-infected, SIR susceptible-infected-recovered

scenarios [9-19], and three simulation studies that explored
the costs of isolating infected individuals [20-22]. Table 3
summarises the available cost information from these studies
in 2020 USD (US$) converted to unit costs where applicable
for the outbreak costing studies, and Table 4 summarises the
simulation studies in the reported currencies (see supple-
mentary spreadsheet for original extracted data in its original
currencies and units). The available studies were focused
largely in Europe, North America, and China, with few stud-
ies from low- and middle-income countries (LMICs). The
pathogens were vaccine-preventable diseases (measles, per-
tussis), diarrhoeal pathogens (norovirus, Escherichia coli),
or respiratory pathogens (HIN1 influenza, SARS).

A\ Adis

The costs covered by the 11 studies were highly hetero-

geneous, and included case confirmation costs, wages and
productivity lost due to being in quarantine, costs of taking
care of quarantined children at home. One study consid-
ered the costs incurred to the government due to isolating
infected individuals during the SARS pandemic response
in Singapore, and reported the costs of quarantine enforce-
ment (US$340.23 [2020 values] per case), quarantine
command centres (US$71.63 per case), quarantine allow-
ance (US$322.32 per case), and emergency call centres
(US$71.63 per case) [16]. There was one cost component,
laboratory costs relating to case confirmation, that was cov-
ered by multiple studies. The ranges of laboratory costs
are presented in section 3.8. The three simulation studies
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Model type

Cost

Intervention characteristic Cost measured

Intervention

type

Pathogen

Country

Year of interven-

tion

Table 4 (continued)
1st author, Publica-
tion year [Refer-

ence]
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Compartmental trans-

Presents the optimal cost for 9 Zimbabwean

Hand hygiene

Cholera Hygiene

Zimbabwe

2008-2011

Sardar, 2013 [67]

mission model + cost

function

locations for hygiene measures

NO5 face masks (10 %, 25 Show savings gained by percentage of popula- Compartmental SEIR

HIN1 Face masks

USA

2009

Tracht, 2012 [33]

transmission model +
cost-benefit analysis

tion who are using masks by age group

%, and 50 % usage)

Costs are presented in their original currencies. The years of intervention and the country modelled are indicated where possible, but when no particular year or location is mentioned, they are

specified as not applicable (NA)

AUD Australian Dollars, CAD Canadian Dollars, CGE Computable General Equilibrium, GDP Gross Domestic Product, 4 hours, ICER incremental cost-effectiveness ratio, RO basic reproduc-
tion number, SEIR susceptible-exposed-infected-recovered, SEIQR susceptible-exposed-infected-quarantined-recovered, SI susceptible-infected, SIR susceptible-infected-recovered

presented heterogeneous cost-related outputs, including the
total cost of isolating infectious individuals, cost effective-
ness of an isolation intervention versus vaccination, and cost
effectiveness of isolating infectious individuals given differ-
ent levels of contact tracing.

3.3 Tracing and Quarantine of Contacts

We identified nine cost studies [11, 14, 15, 17, 23-27], and
four simulation studies relating to contact tracing and con-
tact quarantine in outbreak scenarios [22, 36-38]. Tables 3
and 4 summarise the cost information from these studies (the
original extracted data in original currencies and units can be
found in the supplementary spreadsheet). The studies were
focussed on respiratory diseases (SARS and influenza) and
vaccine-preventable diseases (measles and mumps). Much
the same as isolation of infected individuals, the identified
contact tracing papers were from North America and China.

As with case isolation, there was substantial heterogene-
ity in the types of costs recorded by the outbreak costing
studies. Ranges of costs relating to laboratory testing are
presented in section 3.8. The average hours spent on contact
tracing was reported by five studies on measles outbreaks,
and ranged from 0.5 to 11.9 hours [11, 14, 23, 26, 27]. The
four simulation studies presented costs of contact tracing and
quarantine at home and in a hotel.

3.4 Travel and Flight Bans

We did not identify any outbreak costing studies on travel
and flight bans or restrictions. However, we did identify
three simulation studies [39-41], see Table 4 for further
details and original extracted costs in the supplementary
spreadsheet. All studies were on influenza, two were located
in the USA and one in New Zealand. The two USA studies
simulated the costs and GDP impacts of air travel restric-
tions, while the New Zealand study covered the full border
closure.

3.5 Social Distancing

We identified five costing [28-32] and 25 simulation stud-
ies on social distancing measures [40, 42—65], see Tables 3
and 4, respectively. Again, studies largely focussed on North
America and Europe. All studies on a specified disease were
on respiratory infections (various strains of influenza).

All costing studies reported only on school closures, and
presented heterogenous costs, including days of work lost
by parents, income loss due to lost work, and cost of child-
care due to school closure. The simulation studies largely
focussed on school closures and workplace absenteeism or
closure, with many studies also considering combinations of
community contact-reducing interventions.
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3.6 Measures for Persons at Point-of-entry

We identified one simulation study on NPI measures at
point-of-entry [66]. This USA-based study simulated the
costs per airline passenger of point-of-entry screening for
Ebola for three different monitoring levels (Table 4).

3.7 Personal Protection and Hygiene

While personal protection and hygiene measures in hospi-
tal settings for hospital-based outbreaks and nosocomial
transmission were well documented, studies involving
community-based outbreaks or community usage were
rarer (see Tables 3 and 4 for costing and simulation studies,
respectively). We identified four costing [11, 33-35] and
three simulation studies on personal protection and hygiene
measures [33, 46, 67]. The countries covered were USA,
China and Zimbabwe. Most studies were on influenza, with
one on measles and another on cholera. Face masks and hand
sanitiser were the most covered interventions.

Three costing studies reported the costs of N95 face
masks, which ranged from US$0.28 to US$2.14 [33-35].
Three simulation studies covered the savings due to different
NO95 face mask usage levels, and costs of general hygiene
and hand hygiene measures.

3.8 Laboratory Testing in Conjunction
with Non-pharmaceutical Interventions

We included only studies where laboratory testing was com-
bined with another NPI. We identified 11 costing studies
that involved laboratory cost data, 4 of which were related
to isolation of infectious cases [9, 14, 18, 19] and 7 were
related to contact tracing (Table 3) [11, 15, 17, 23-25, 27].
We also identified one simulation study on laboratory test-
ing in conjunction with an NPI, which was a cost-benefit
analysis of an E. coli surveillance system in Colorado, USA
(Table 4) [68].

The diseases covered were vaccine-preventable (measles,
mumps, pertussis, hepatitis A), respiratory (HIN1), and E.
coli. The only pathogen for which there were costs reported
for more than one study was measles, where six studies con-
tained information [11, 14, 18, 23, 25, 27]. For the measles
studies, the reported costs of testing ranged from US$25.88
to US$641.00 per sample and data on hours ranged from
0.5 to 101.9 hours per sample. The reporting of components
included in laboratory cost calculations were not consistent,
as some studies reported cost of labour as part of laboratory
costs and others did not.

4 Discussion

In this study, we have reviewed the existing published lit-
erature on the NPIs of interest, covering both outbreak cost-
ing studies, which contain primary costs relating to NPIs in
outbreak response, and simulation studies, which estimate
costs of NPIs in outbreak response. Cost data are essential
components of any evidence-based policy process and pro-
vide valuable information to be used alongside evidence of
effectiveness to inform analyses pertaining to projected or
actual estimates of the cost effectiveness and budget impact
of implementation of different NPI strategies. There is vari-
ability in the levels of representation amongst the different
NPI categories. Case isolation, contact tracing measures, and
social distancing measures (in particular school closures)
were well represented while travel restrictions, point-of-
entry measures, and personal hygiene measures were less
represented. Wider and stricter social distancing measures,
such as community-wide measures, had not been covered in
published literature before March 2020. Labour costs were
often the most expensive component of isolating infected
individuals and contact tracing, while laboratory costs also
contributed greatly to the overall cost. There were nine
papers that included NPIs and their costs, but did not present
these costs separately from pharmaceutical (often vaccines
and/or antivirals) interventions, and as such were excluded
as the costs of the two different types of intervention could
not be separated.

While we identified multiple costing studies that con-
tained cost information for NPIs, providing meaningful and
comparable summary statistics for them is difficult, as stud-
ies covered multiple locations and recorded different cost
components relating to the community-based NPIs. Hav-
ing a database of available cost information from outbreak
costing studies is nonetheless useful for ease of locating
relevant studies and cost components in future applications,
such as for model parameterisation or in scenarios where
policy-makers must compare the costs of different potential
interventions. Studies covering the costs of travel bans and
measures at point-of-entry would be a valuable addition to
the existing literature. As many countries closed their bor-
ders or restricted entry into the country in the first months
of 2020, this knowledge gap in cost data may be covered
to an extent in literature that has been published since then
[69]. The simulation studies also provided a range of model
outputs, ranging from the total cost of implementing an NPI
to the estimated impact on a country’s GDP. The database of
simulation studies can act as a starting point for estimating
the costs of a community-based NPI during an outbreak.

Published literature on the costs of NPIs for outbreaks in
low-income settings was sparse. The majority of the stud-
ies identified were focused on North America, Europe, or

A\ Adis



694

J.E. Skarp et al.

Australia and New Zealand. While this may, in part, be by
the exclusion of non-English studies and grey literature, this
alone is likely not the only reason for the trend. In order
to make well-informed pandemic response decisions, it is
important that costings studies focus on low-income settings.
The ongoing SARS-CoV-2 pandemic offers an opportunity
for countries to collect outbreak response cost data for low-
income settings to help fill this knowledge gap. We found
that many studies were excluded from this review because
they did not disentangle NPI costs from pharmaceutical
intervention costs. It would be helpful if studies would pre-
sent these costs separately to provide a clearer view of how
each intervention contributes to the total cost of outbreak
response.

The results published in this study are limited by the
scope and extent of the literature review. This review cov-
ered literature that had been published by 24 March 2020.
This necessarily limits the identification of publications
to only those published up to the very beginnings of the
SARS-CoV-2 pandemic. We did not identify any studies that
recorded costs or simulated costs of strict social distancing
measures (i.e., community stay-at-home orders) that are now
commonplace across the globe for controlling the SARS-
CoV-2 pandemic, due to this early cut-off point, which is
a limitation of this study. This study does provide a broad
review of the available epidemic- and pandemic-related
research until COVID-19, and future research relating to
COVID-19 outbreak costing and simulation studies can
build on it. Extensive future research is indeed warranted
to capture the cost of implementing NPIs, including strict
social distancing, in relation to this unprecedented and dev-
astating outbreak [70-72]. This review only covered studies
from the MEDLINE and EMBASE databases, which publish
studies on outbreaks. Studies that might have been exclu-
sively available in the grey literature would not have been
identified in this study.

This review presents the existing literature pertaining to
the direct costs of implementing NPIs. There are important
additional socioeconomic costs associated with the imple-
mentation of NPIs, such as the cost of businesses closing due
to the intervention or the effects the NPIs have on mental
health, the literature for which has not been covered by this
review. Additionally, this review does not comprehensively
summarise the cost effectiveness of all possible NPIs in out-
break response. Furthermore, as this review is focussed on
the costs of public health measures, the costs of policies such
as stimulus packages are beyond the scope of this review.
The results of this study can be used for information pur-
poses to provide a narrative summary of the cost of imple-
menting historical NPI strategies, and to inform conversa-
tions around future planning for implementation of NPIs for
pandemic response. The results of this study are also highly
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useful to inform future research, where numerous gaps or
incomplete data were identified.

During the SARS-CoV-2 pandemic, community-based
NPIs such as community-wide social distancing measures
have been applied rapidly in countries across the globe, with
little evidence available for estimating the costs of such an
intervention a priori. Having easily accessible collated
cost information on community-based NPI strategies will
provide a valuable resource for informing future outbreak
response policies, where cost data represent a vital compo-
nent of any cost-effectiveness assessment of NPI options
under consideration for implementation. Literature in this
field will likely continue to accrue rapidly over the following
months. Additional care should also be taken to collect and
publish costs for low-income settings for future planning
of pandemic financing. Maintaining a database summaris-
ing published literature on NPI costs in relation to outbreak
response could be valuable for model parameterisation and
outbreak response planning purposes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40258-021-00659-z.
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