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Abstract 

Background  Recent pandemics have had far-reaching effects on the world’s largest economies and amplified 
the need to estimate the full extent and range of socioeconomic impacts of infectious diseases outbreaks on multi-
sectoral industries. This systematic review aims to evaluate the socioeconomic impacts of airborne and droplet-borne 
infectious diseases outbreaks on industries.

Methods  A structured, systematic review was performed according to the PRISMA guidelines. Databases of PubMed, 
Scopus, Web of Science, IDEAS/REPEC, OSHLINE, HSELINE, and NIOSHTIC-2 were reviewed. Study quality appraisal 
was performed using the Table of Evidence Levels from Cincinnati Children’s Hospital Medical Center, Joanna Briggs 
Institute tools, Mixed Methods Appraisal Tool, and Center of Evidence Based Management case study critical appraisal 
checklist. Quantitative analysis was not attempted due to the heterogeneity of included studies. A qualitative synthe‑
sis of primary studies examining socioeconomic impact of airborne and droplet-borne infectious diseases outbreaks 
in any industry was performed and a framework based on empirical findings was conceptualized.

Results  A total of 55 studies conducted from 1984 to 2021 were included, reporting on 46,813,038 participants 
working in multiple industries across the globe. The quality of articles were good. On the whole, direct socioeconomic 
impacts of Coronavirus Disease 2019, influenza, influenza A (H1N1), Severe Acute Respiratory Syndrome, tuberculosis 
and norovirus outbreaks include increased morbidity, mortality, and health costs. This had then led to indirect impacts 
including social impacts such as employment crises and reduced workforce size as well as economic impacts such 
as demand shock, supply chain disruptions, increased supply and production cost, service and business disruptions, 
and financial and Gross Domestic Product loss, attributable to productivity losses from illnesses as well as national 
policy responses to contain the diseases.

Conclusions  Evidence suggests that airborne and droplet-borne infectious diseases have inflicted severe socio‑
economic costs on regional and global industries. Further research is needed to better understand their long-term 
socioeconomic impacts to support improved industry preparedness and response capacity for outbreaks. Public 
and private stakeholders at local, national, and international levels must join forces to ensure informed systems 
and sector-specific cost-sharing strategies for optimal global health and economic security.
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Background
For every country across the globe, the industries and 
sectors have fundamental roles in both its economic and 
social development. Not only are industries a main con-
tributor to a country’s gross domestic product (GDP) and 
economic growth, it is critical for employment creation, 
technological advancements, and general improvements 
in living standards. In 2021, the services, manufacturing, 
agriculture, forestry, and fishing industries contribute 
to 65.7, 28.3, and 4.3% of the world GDP and accounts 
for 51, 23, and 27% of total employment, respectively 
[1]. Over the past decades, industrialisation and the 
accompanying economic growth in terms of increase in 
per capita GDP have resulted in increases in wages and 
household incomes, as well as improved nutrition, hous-
ing, sanitation, medical care, and literacy [2, 3].

Despite the era of modernization and public health 
advances, regional and global emerging and endemic 
infectious diseases outbreaks continue to not only 
adversely impact global health systems, but also give rise 
to wider socioeconomic consequences [4]. This includes 
airborne and droplet-borne infectious diseases inci-
dences of varying scale and magnitude, including endem-
ics, outbreaks, epidemics, and pandemics. The ongoing 
pandemic of Coronavirus Disease 2019 (COVID-19), 
declared a global emergency by the World Health Organ-
isation (WHO) on January 30, 2020, has had far-reach-
ing impacts on the world’s largest economies, including 
industries of the primary, secondary, and tertiary sec-
tors [5]. These include increased healthcare costs, job 
losses, macroeconomic instability, and dwindling in 
micro, small, medium-sized enterprises (MSME) as well 
as informal industries [5, 6]. Health disasters such as the 
Severe Acute Respiratory Syndrome (SARS) pandemic 
in 2003, which lasted approximately 6 months, had led 
to a total global economic loss of approximately USD40 
billion due to its impacts on the hospitality, commerce, 
transport and multi-national industries such as the oil 
industry [4]. Similarly, the influenza A (H1N1) 2009–
2010 pandemic led to severe economic recession and 
crash in the stock market values of multiple industries 
[7].

These socioeconomic effects can be felt not only from 
large-scale infectious diseases outbreaks, but from out-
breaks of a smaller scale as well. Seasonal influenza 
epidemics continue to pose direct and indirect costs to 
organisations, including absenteeism, losses in productiv-
ity, and impaired performance [8]. Norovirus outbreaks, 
a common occurrence in semi-enclosed settings, has led 
to a loss of USD2 billion in the United States of Amer-
ica (USA) alone, due to lost productivity and healthcare 
expenses [9]. Meanwhile, endemic infectious diseases 
such as tuberculosis adversely affects the labour force, 

disrupts local economies, and is projected to result in an 
economic loss of USD17.5 trillion based on estimations 
of tuberculosis mortality from 2020 to 2050 in 120 coun-
tries [10]. Evidence suggests that respiratory pathogens 
such as severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), severe acute respiratory syndrome coro-
navirus (SARS-CoV), and influenza virus have airborne 
transmission, culminating in numerous superspreading 
events that led to the spread of these diseases at alarming 
rates and causing huge devastations on global economies 
[11].

The escalating costs associated with airborne and drop-
let-borne infectious diseases have amplified the need 
to estimate the full extent and range of socioeconomic 
impacts on multi-sectoral industries. A greater appre-
ciation of these impacts would enable an assessment 
of burden of diseases as well as contribute towards the 
development of long-term prevention and preparedness 
measures, prioritization exercises, and optimization of 
resources. Unfortunately, there is presently limited evi-
dence for the socioeconomic impacts of infectious dis-
eases on industries. Previous studies that have explored 
this subject were studies focusing on particular geograph-
ical regions [12, 13] or specific infectious diseases such 
as COVID-19 [14, 15], influenza [8, 16, 17], and tubercu-
losis [10], or studies examining economic impacts exclu-
sively [18, 19]. On the other hand, Smith et al. (2019) [4] 
illustrated the multi-sectoral socioeconomic impacts of 
infectious diseases using a case-study approach, but the 
findings relate to pre-COVID-19 pandemic era. With this 
in mind, this study aims to systematically examine the 
pool of evidence pertaining socioeconomic impacts of 
airborne and droplet-borne infectious diseases on indus-
tries and conceptualizing a framework based on empiri-
cal findings.

Methods
This systematic review was reported in accordance to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [20]. The system-
atic review protocol was registered in INPLASY Register 
(Registration No. INPLASY202190055).

Design and research aims
A structured, systematic review and qualitative synthesis 
of peer-reviewed publications was performed to explore 
the socioeconomic and safety and health impacts of air-
borne and droplet-borne infectious diseases in industries; 
however, due to the high numbers of included studies 
this review will be focused on socioeconomic impacts 
exclusively. Due to the heterogeneity of included studies, 
quantitative analysis was not attempted.
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Search strategy
A comprehensive search of the literature was under-
taken in August 2021 using three biomedical electronic 
database (PubMed, Scopus, and Web of Science), one 
economic database (IDEAS/REPEC) and three occupa-
tional safety and health databases (OSHLINE, HSELINE, 
and NIOSHTIC-2). The search aimed to identify relevant 
articles published in peer-reviewed journals written in 
English, with the assumption that most of the important 
findings will be reported in English regardless of country 
of origin. Boolean search was performed on each data-
base, without restriction to date or publication, as illus-
trated in Supplementary Document 1.

The terms included in the Boolean search were cho-
sen after careful consideration and consensus of terms 
identified from literature review, in view of the variation 
in keywords of interest. The first combination of key-
words included various terms denoting socioeconomic 
and occupational safety and health impacts of infec-
tious diseases at the workplace as described by previous 
studies [4, 21–24]. The second combination of keywords 
included key terms related to infectious diseases and 
common pathogens that may spread via droplets and 
airborne transmission [25]. Herein, droplet-borne infec-
tious disease was defined as an infectious disease which 
is transmitted when a person is exposed to infective res-
piratory droplets, whereas airborne infectious disease 
was defined as an infectious disease which is transmit-
ted when a person is exposed to droplet nuclei (aerosols) 
[26]. Finally, the third combination of keywords included 
terms that specify workplace settings. To broaden the 
search, the Boolean search operator “OR” was used with 
multiple analogous terms, whereas “AND” was used to 
narrow the search to studies examining socioeconomic 
and safety and health impacts of infectious diseases on 
workers in industries. The search was conducted by one 
reviewer. All searches were concluded by 29th August 
2021.

Selection criteria and study selection
Upon completion of the searches, articles were organized 
into EndNote 20 Software. Duplicates were identified 
and removed. This was performed by one reviewer, firstly 
using the “Find and Remove Duplicate References” func-
tion, and secondly using manual screening given that a 
number of the same articles were entered differently into 
different databases. Following duplicates removal, articles 
were assessed for eligibility independently by two review-
ers in two stages. In stage one, the title and abstract of 
search results were screened and assessed for relevance. 
In stage two, the full-text of potentially relevant publi-
cations were retrieved and reviewed for inclusion. Any 
primary studies in English examining socioeconomic 

impacts of airborne and droplet-borne infectious diseases 
outbreaks in any industry were included. Here, socio-
economic impacts in industries was defined as impacts 
related to social and economic aspects of industries, such 
as the morbidity and mortality, costs associated with 
disease diagnosis, treatment, and prevention, as well as 
productivity loss, employment, financial loss, and dis-
ruption in supply chain and services [7, 27]. Non-human 
studies, non-primary studies including reviews, editori-
als, commentaries, forewords, opinion pieces, and books, 
studies that examined infectious diseases transmitted 
via routes other than airborne and droplet-borne trans-
mission, studies examining variables others than socio-
economic impacts, and studies not concerning industries 
or workers were excluded. The reason for excluding a 
publication following title and abstract review as well as 
full-text review was noted. Based on the inclusion and 
exclusion criteria described previously, the list of studies 
included and excluded was cross-validated. Consensus 
was obtained where possible for any disagreement, and 
in cases when not, and a third reviewer was assigned. 
The per cent agreement and Cohen’s Kappa were 99.8% 
and 0.993 respectively for stage one and 98.4% and 0.955 
respectively for stage two of the study selection process, 
which indicated excellent interrater reliability [28]. To 
allow for quality assessment, measures to contact authors 
for articles not available in full text were taken, and only 
full text articles were included in the review. Due to 
resource limitations, hand searching was not performed.

Quality assessment
The quality of included studies was examined by evalu-
ating the level of evidence according to the Table of Evi-
dence Levels from Cincinnati Children’s Hospital Medical 
Center (CCHMC) [29] and quality of study according to 
the Joanna Briggs Institute (JBI) tools [30] and Center of 
Evidence Based Management (CEBMa) case study criti-
cal appraisal checklist [31] (Supplementary Document 
2). The CCHMC classifies level of evidence for individual 
studies by study design, domain, and quality, with level 1 
representing the highest level and indicating the strong-
est evidence, and level 5 representing the lowest level and 
indicating the weakest evidence [29]. In addition, the JBI 
and CEBMa tools were used to further subclassify studies 
at each level to either “a” or “b”, which signifies good qual-
ity and lesser quality study respectively in terms of meth-
odological quality. The JBI tools are widely used critical 
appraisal tools developed by the Joanna Briggs Institute, 
a researching and development organisation based in 
the Faculty of Health and Medical Sciences at the Uni-
versity of Adelaide, South Australia [30]. Compared to 
other tools, the applicable range of the JBI tools are wide 
and they are deemed to be highly coherent appraisal 
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instruments [32, 33]. On the other hand, the CEBMa 
tools were developed by CEBMa [31] for assessing the 
methodological quality of case studies. Both JBI and 
CEBMa tools include critical appraisal checklists for spe-
cific study designs. For longitudinal studies, the JBI tool 
for cohort studies was applied, and the ratings related to 
Question 1, 2 and 6 which are specific for cohort study 
were marked as not applicable. Based on a ‘star system’, 
a star was awarded for every quality criterion met by the 
study and the quality rating was assigned as follows:

(a)	 Longitudinal studies: 8 maximum stars and a final 
rating of 0–2 stars as “poor”, 3–4 stars as “moder-
ate”, 5–6 stars as “good” and 7–8 stars as “excellent”

(b)	 Cohort studies: 11 maximum stars and a final rating 
of 0–2 stars as “poor”, 3–5 stars as “moderate”, 6–8 
stars as “good” and 9–11 stars as “excellent”

(c)	 Case-control studies: 10 maximum stars and a final 
rating of 0–2 stars as “poor”, 3–5 stars as “moder-
ate”, 6–7 stars as “good”, and 8–10 stars as “excel-
lent”

(d)	 Analytical cross-sectional studies: 8 maximum stars 
and a final rating of 0–2 stars as “poor”, 3–4 stars 
as “moderate”, 5–6 stars as “good”, and 7–8 stars as 
“excellent”

(e)	 Prevalence studies: 9 maximum stars and a final 
rating of 0–2 stars as “poor”, 3–5 stars as “moder-
ate”, 6–7 stars as “good”, and 8–9 stars as “excellent”

(f )	 Qualitative studies: 10 maximum stars and a final 
rating of 0–2 stars as “poor”, 3–5 stars as “moder-
ate”, 6–7 stars as “good”, and 8–10 stars as “excel-
lent”

(g)	 Case studies: 10 maximum stars and a final rating 
of 0–2 stars as “poor”, 3–5 stars as “moderate”, 6–7 
stars as “good”, and 8–10 stars as “excellent”

In the final quality rating, studies under the categories 
“excellent” and “good” were rated as “a” and those under 
the categories “poor” and “moderate” were rated as “b”. 
The quality assessment was performed independently by 
two reviewers. Data extraction and analysis were cross-
validated to assess for disagreements. For any disagree-
ment that was present, consensus was sought where 
possible. A third reviewer was assigned in cases where 
that were not possible.

Data extraction and analysis
For each of the included study, data on author, year of 
publication, location of study, industry, type of infec-
tious disease, year of outbreak, study design, study 
population, number of participants included, study vari-
ables examined, study instruments used, and socioeco-
nomic impacts were extracted. Using the web-based tool 

CCEMG – EPPI-Centre Cost Converter (v.1.6), all esti-
mates of costs was converted to US dollars (USD) for 
consistency based on the International Monetary Fund 
source dataset for purchasing power parity values and 
same base-year as reported in the original study [34]. 
The data extraction was performed independently by two 
reviewers. For any disagreement that was present, con-
sensus was sought where possible, and in cases where 
that were not possible, a third reviewer was assigned. 
Data was analysed qualitatively due to the heterogeneity 
of studies included in the systematic review, and meta-
analysis was not attempted. Where applicable, data was 
analysed using descriptive statistics using Statistical 
Package of Social Science Version 27. The numerical data 
was analysed using mean and standard deviation, while 
the categorical data was analysed using frequency and 
percentage.

Results
Study characteristics and methodological quality 
of studies
A total of 5420 articles were initially identified, and after 
removing duplicates, 3867 articles were screened. 3162 
articles were excluded due to not being relevant on the 
basis of title and abstract. 84 articles were then excluded 
due to full-text non-availability. 480 articles did not meet 
the inclusion criteria, and a total of 141 articles were 
finally included. Of those, 55 studies were related to soci-
oeconomic impact and were thus included in this review. 
The flow chart of the study search and selection is illus-
trated in Fig. 1, using the PRISMA format.

The summary of the studies included in this system-
atic review can be found in Table  1. The studies were 
published from 1984 to 2021, and were conducted in 
all parts of the world, including countries from North 
America (44%), South America (6%), Europe (24%), Asia 
(13%), Africa (4%), and Australasia (7%) regions, as well 
as globally (2%). Majority of studies (47%) were related to 
the healthcare industry, followed by multiple (31%), hos-
pitality (5%), education (4%), transport (4%), agriculture 
(4%), construction (2%), chemical (2%), and commerce 
industries (2%). In terms of types of airborne or droplet-
borne infectious diseases examined, the vast majority 
(62%) studied COVID-19, whereas 24% studied influenza 
(24%), followed by influenza A (H1N1) (9%), SARS (4%), 
tuberculosis (2%) and norovirus (2%).

Most studies (47%) were assigned either a level of 3a or 
3b according to the CCHMC’s Table of Evidence Levels, 
with 3a indicating a better-quality study than 3b, though 
of lower-level evidence than 1a/1b and 2a/2b. Meanwhile, 
several studies (36%) were assigned either a level 4a or 4b, 
13% of studies either a level 2a or 2b, and 4% of studies 
a level 5a. According to the JBI and CEBMa tools, most 
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studies (84%) were of good/excellent quality. The aver-
age score and range score for included studies according 
to the star system were as follows: (1) analytical cross-
sectional studies (n = 22): average score 5.6, range score 
3 to 8, (2) qualitative study (n = 6): average score 7, range 
score 6 to 8, (3) longitudinal studies (n = 5): average score 
5.8, range score 3 to 7, (5) case study (n = 3): average 
score 7.3, range score 6 to 8, (6) prevalence study (n = 18): 
average score 7.3, range score 6 to 9, and (7) case control 
study (n = 1): score 6. The most frequent study design was 
analytical cross-sectional study (40%), followed by preva-
lence study (33%), qualitative study (11%), longitudinal 
study (9%), case study (4%), case control study (2%) and 

cohort study (2%). Sample sizes varied widely, ranging 
from 11 to 3,157,979. Of those that conducted primary 
studies (n = 34), majority (68%) utilised self-developed 
surveys as the mode of data collection, whereas a smaller 
number utilised validated tools (24%), qualitative meth-
ods (9%) and diary card (3%). Of those that performed 
economic analysis (n = 20), data analysis was performed 
using data retrieved from national databases (50%), hos-
pital databases (35%), public or private insurance data-
bases (10%), and online databases (5%). On the whole, the 
quality of evidence from this systematic review can be 
rated as good. A summary of the methodological quality 
of included studies is illustrated in Table 2.

Fig. 1  Flow diagram of the systematic review based on the PRISMA statement
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Socioeconomic impacts of airborne and droplet‑borne 
infectious diseases in industries
A variety of socioeconomic impacts were reported by 
studies included in this review, as outlined in Fig. 2. They 
include direct impacts, i.e. repercussions occurring dur-
ing the hazard event, as well as indirect impacts, i.e. sub-
sequent changes given the direct impact [90].

a)	 Direct impacts of airborne and droplet-borne infec-
tious diseases in industries

Direct socioeconomic impacts such as morbidity 
and mortality and its associated healthcare costs due to 
infectious diseases outbreaks were reported by included 
studies. Exposure to influenza, influenza A (H1N1), 
SARS-CoV, and SARS-CoV-2 viruses, Mycobacterium 
tuberculosis, and norovirus had resulted in influenza like 
illness (ILI), febrile illness, pneumonia, COVID-19 infec-
tion, pulmonary tuberculosis, and gastroenteritis among 
workers [45, 48, 49, 61, 63, 69, 75, 85]. Moreover, a small 
percentage of those who developed pneumonia from 
exposure to SARS-CoV virus and Mycobacterium tuber-
culosis had succumbed to death [48, 69].

In addition, substantial healthcare costs were reported 
because of these outbreaks. During influenza epidem-
ics, the average per-patient influenza-related medi-
cal cost ranged from USD239 to USD301, whereas the 
total healthcare expenditure for workers of a United 
Kingdom (UK) pharmaceutical company amounted 
to USD2,512.16, due to ILI-related medical, inpatient, 
outpatient, general practitioner/physician office, emer-
gency department, pharmacy, and ancillary care utiliza-
tion and costs [66, 67]. Meanwhile, the average medical 
costs due to hospital, professional services, pharmaceu-
ticals, medical devices, and nursing homes for workers 
with pulmonary tuberculosis was reported to amount to 
USD0.07 billion in 2017 [69]. Included studies had also 
highlighted public health costs taken to contain infec-
tious diseases outbreaks such as lockdown, closure of 
borders, restriction of free movement, travel ban, tem-
porary shutdown of organisations, screening of workers 
and visitors, quarantining of workers, physical distanc-
ing measures, use of partition barriers, infection control 
and disinfection of work areas, infectious disease-related 
training, provision of personal protective equipment and 
hand sanitizers, and surveillance [37, 39, 40, 48, 50, 59, 
60, 73, 74, 80, 82, 84, 87, 88]. To control the three-month 
norovirus outbreak in a Scottish hospital, the healthcare 
costs included cleaning costs (USD5,021.52), incident 
management team (USD64,562.41), and laboratories 
(USD2,295.55) [45].

b)	 Indirect impacts of airborne and droplet-borne infec-
tious diseases in industries

Following the impacts above, indirect socioeconomic 
impacts of infectious diseases outbreaks including pro-
ductivity losses, costs to society, and costs to economy 
were also reported. Absenteeism was observed among 
workers across multiple industries during influenza, 
H1N1 flu, SARS, and COVID-19 outbreaks. Workers who 
were exposed to influenza had 1.3 to 2.8 workdays missed 
and 14.0 to 23.9 work hours lost per ILI [35, 43, 53, 67, 
75, 77, 81], and there was a 800% increase in absentee-
ism rate during epidemics compared to non-epidemic 
periods [47, 56, 88, 89]. Compared to seasonal influ-
enza, hours lost due to the H1N1 pandemic strain were 
higher (0.2% of potential hours worked annually) [77], 
and workers with H1N1 flu had 3.73 workdays missed 
and 25 hours work hours lost [44, 52, 77, 80]. Meanwhile, 
exposure to SARS had resulted in 1.4 missed workdays 
per 100 staff-days observed [48]. Finally, an average of 4.9 
cases of sickness leave per 1000 workers were observed 
during the COVID-19 pandemic, which represented a 
dramatic increase compared to previous years (4.9 cases 
vs 2.5 cases per 1000 workers in March 2020 vs. 2017, 
2018, and 2019) [41, 54, 65, 83]. All activity sectors were 
impacted, with the highest rate of absenteeism observed 
among workers in the healthcare, services, production, 
and transportation industries [41, 54].

Concurrently, presenteeism among workers was 
also reported during influenza, H1N1 and COVID-19 
outbreaks [43, 67, 72, 79, 83]. During the influenza/
H1N1 flu epidemic, 73% workers reported that the ill-
ness had interfered with work, 81% workers who had 
returned to work while symptomatic felt only moder-
ately effective, and a mean productivity loss ranging 
from 67 to 74% was reported [67, 85]. This culminated 
in workers with ILI being less productive for 4.8 hours 
each day worked while ill (2.5 hours each day with ILI 
symptoms) [75]. Meanwhile, workers across industries 
reported being less productive and efficient at work 
during the COVID-19 pandemic, which amounted to 
a 49% reduction in productivity from previously pub-
lished data (p < 0.0001) [36–38, 46, 55, 57, 61, 70, 74, 76, 
87]. For healthcare workers in particular, in addition 
to productivity losses during the pandemic, impaired 
work quality and reduced employee engagement were 
also observed [36], as 12% reported increased medical 
errors [55], 23% had doubts about their medical voca-
tion [63], and 21 to 65% had moderate or very serious 
consideration about leaving the workforce [46, 62, 71].

Correspondingly, increased costs to industries in the 
form of work loss were observed during infectious diseases 
outbreaks. In the USA, the total salary paid out for sickness 
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Table 2  Quality of included studies according to CCHMC Table of Evidence Levels, JBI tools, and CEBMa tool

Author (Year) Study Design LOE Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Overall Quality

Akazawa et al. (2003) [35] ACS 3a * * * * * * * * N/A N/A N/A Excellent

Al-Ghunaim et al. (2021) [36] QS 2a * * * * * * N/A Good

Alsharef et al. (2021) [37] QS 2a * * * * * * * N/A Good

Banerjee et al. (2021) [38] LS 3a N/A N/A * * N/A * * * * Good

Bergeron et al. (2006) [39] QS 2a * * * * * * N/A Good

Brophy et al. (2021) [40] QS 2a * * * * * * * N/A Good

Calvo-Bonacho et al. (2020) [41] PS 3a * * * * * * * * N/A N/A Excellent

Carroll & Smith (2020) [42] CS 5a * * * * * * N/A Good

Challener et al. (2021) [43] ACS 4b * * * * N/A N/A N/A Moderate

Considine et al. (2011) [44] ACS 4a * * * * * * N/A N/A N/A Good

Danial et al. (2016) [45] CS 5a * * * * * * * * N/A Excellent

Delaney et al. (2021) [46] ACS 4a * * * * * * * N/A N/A N/A Excellent

Duarte et al. (2017) [47] ACS 3a * * * * * * * N/A N/A N/A Excellent

Escudero et al. (2005) [48] PS 3a * * * * * * * N/A N/A Good

Fargen et al. (2020) [49] ACS 4b * * * * N/A N/A N/A Moderate

Gashi et al. (2021) [50] PS 3a * * * * * * N/A N/A Good

Gray et al. (2021) [51] LS 3a N/A N/A * * * N/A * * * * Excellent

Groenewold et al. (2013) [52] PS 3a * * * * * * * N/A N/A Good

Groenewold et al. (2019) [53] PS 3a * * * * * * * * N/A N/A Excellent

Groenewold et al. (2020) [54] PS 3a * * * * * * * N/A N/A Good

Haidari et al. (2021) [55] ACS 4a * * * * * * * N/A N/A N/A Excellent

Hammond & Cheang (1984) [56] PS 3a * * * * * * * N/A N/A Good

Harrop et al. (2021) [57] ACS 3b * * * N/A N/A N/A Moderate

Hasan et al. (2021) [58] PS 3a * * * * * * * N/A N/A Good

Hemmington & Neill (2021) [59] QS 2a * * * * * * * * N/A Excellent

Iacus et al. (2020) [60] PS 3a * * * * * * * * N/A N/A Excellent

Jazieh et al. (2021) [61] ACS 4a * * * * * * * N/A N/A N/A Excellent

Jha et al. (2020) [62] PS 3a * * * * * * N/A N/A Good

Jiménez-Labaig et al. (2021) [63] ACS 4b * * * * N/A N/A N/A Moderate

Jones et al. (2021) [64] PS 3a * * * * * * * * N/A N/A Excellent

Karatepe et al. (2021) [65] ACS 4a * * * * * * N/A N/A N/A Good

Karve et al. (2013) [66] LS 3a N/A N/A * * * N/A * * * Good

Keech et al. (1998) [67] PS 3a * * * * * * * * * N/A N/A Excellent

Lee et al. (2008) [68] PS 3a * * * * * * N/A N/A Good

Leigh (2011) [69] PS 3a * * * * * * * * * N/A N/A Excellent

Lim et al. (2020) [70] ACS 4a * * * * * * * N/A N/A N/A Excellent

Matsuo et al. (2021) [71] ACS 4a * * * * * * N/A N/A N/A Good

Mosteiro-Diaz et al. (2020) [72] ACS 4a * * * * * * * N/A N/A N/A Excellent

Noorashid & Chin (2021) [73] QS 2a * * * * * * * * N/A Excellent

Novak et al. (2021) [74] ACS 4b * * * * N/A N/A N/A Moderate

Palmer et al. (2010) [75] Cohort study 2a * * * * * * * * * Excellent

Richmond et al. (2020) [76] ACS 4b * * * * N/A N/A N/A Moderate

Schanzer et al. (2011) [77] PS 3a * * * * * * * * N/A N/A Excellent

Slone et al. (2021) [78] ACS 4a * * * * * N/A N/A N/A Good

Tilchin et al. (2021) [79] ACS 4a * * * * * * * N/A N/A N/A Excellent

Torá-Rocamora et al. (2011) [80] LS 3a N/A N/A * * * N/A * * * * Excellent

Tsai et al. (2014) [81] PS 3a * * * * * * * * N/A N/A Excellent

Turnea et al. (2020) [82] ACS 4b * * * N/A N/A N/A Moderate

Van der Feltz-Cornelis et al. (2020) [83] ACS 4a * * * * * * N/A N/A N/A Good
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absenteeism in the two-week period of peak absenteeism 
during the epidemic were much greater compared to non-
epidemic periods (USD60,776 vs. USD36,290) [56], and the 
average work loss and influenza-related productivity loss 
were valued at USD137 per person [35] and USD42,581 
per 100,000 health plan member [66] respectively. In 
the UK, the overall total cost of missed workdays for ILI 
among workers of a large UK pharmaceutical company 

was valued at USD159,769.67 [67]. Meanwhile, work loss 
due to exposure to influenza resulted in a total cost of 
USD161,621.49 and USD186,047.94 for 2016–2017 and 
2017–2018 respectively in Italy [89], and led to USD152.12 
average productivity loss per person per year in Hong 
Kong [68]. On the other hand, the total cost of staff 
absence due to norovirus exposure was estimated to be 
USD16,232.42 [45]. Finally, the increased sick leave during 

Table 2  (continued)

Author (Year) Study Design LOE Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Overall Quality

Van der Merwe et al. (2021) [84] PS 3a * * * * * * N/A N/A Good

Van Wormer et al. (2017) [85] ACS 4a * * * * * * * * N/A N/A N/A Excellent

Webster et al. (2021) [86] LS 3b N/A N/A * N/A * * Moderate

Widodo et al. (2020) [87] ACS 4b * * * N/A N/A N/A Moderate

Yohannes et al. (2003) [88] PS 3a * * * * * * N/A N/A Good

Zaffina et al. (2019) [89] CCS 4a * * * * * * N/A Good

ACS analytical cross-sectional study, CCS case-control study, CS case study, LOE level of evidence, LS longitudinal study, PS prevalence study, QS qualitative study, * star 
awarded, N/A not applicable

(1) The CCHMC Table of Evidence classifies level of evidence for individual studies by study design, domain, and quality, with level 1 representing the highest level and 
indicating the strongest evidence, and level 5 representing the lowest level and indicating the weakest evidence. In addition, the Joanna Briggs Institute (JBI) tools 
and Center of Evidence Based Management (CEBMa) case study critical appraisal checklist were used to further subclassify studies at each level to either “a” or “b”, 
which signifies good quality and lesser quality study respectively in terms of methodological quality

(2) Some questions are indicated as N/A because the quality tool for that specific study design has a certain number of quality appraisal checklist, e.g., JBI for ACS has 
8 quality appraisal checklists, and Q9 to Q11 do not apply

Fig. 2  Framework for socioeconomic impact of airborne and droplet-borne infectious disease on industries based on empirical findings
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COVID-19 pandemic had translated into USD4374.81 per 
100 affiliated workers across industries [41].

In terms of costs to society, employment crises and 
reduced workforce size were reported by included stud-
ies, especially in the wake of COVID-19 pandemic. Stud-
ies reported workers across industries being terminated 
(0.2–41%), furloughed (6–56%), or made to go on paid 
time off (48%) during the COVID-19 pandemic [49, 50, 
58, 59, 62, 64, 76, 78, 82, 84, 86]. During this period, com-
panies across multiple industries had also reduced either 
the salaries (17–33%) or hours of work (32–68%) of their 
employees [62, 64, 78, 84, 86]. Correspondingly, studies 
had also reported reduced workforce size and staff short-
ages (48%) during the COVID-19 pandemic [37, 40, 51], 
which was similarly apparent during the SARS [39] and 
H1N1 flu epidemics [47]. A small number of industrial 
sectors (e.g. chemical, plastics and rubber industry) had 
however showed increases in employment during the 
COVID-19 pandemic compared to pre-pandemic peri-
ods [86]. In the aviation industry alone, job losses in the 
aviation industry had been forecasted to reach 25 to 30 
million at the end of 2020 [60].

Costs to economy was also extensively reported by 
included studies, especially as a result of the COVID-19 
pandemic. Studies conducted in multiple industries [82], 
including the transport [60], hospitality and tourism [59, 
73], and agriculture industries [58, 84] reported demand 
shock during the COVID-19 pandemic due to move-
ment restrictions, risk aversion, and lower consumer-
ism. The exception to this is the study conducted in the 
construction industry, which had reported that there was 
increased demand for home improvement and renova-
tion products and supplies from local supplier and manu-
facturers [37]. Disruptions to supply chain, services, as 
well as businesses were also observed during the COVID-
19 pandemic. Studies conducted across multiple indus-
tries described material shortages and delays in material 
delivery, which caused significant schedule disruptions 
[37, 50, 82] as well as cessation of operations during this 
time [62, 82]. This was similarly reported during the 
SARS outbreak, where healthcare workers had reported 
program stoppages [39]. Besides that, increased supply 
and production costs were also noted since the onset 
of COVID-19 pandemic. In the healthcare industry, an 
increase of USD107,040 to USD535,198 in supply costs 
were reported [42]. Similarly, the total production costs 
(primary fixed costs, operation costs, feed costs, medici-
nal costs) in the agriculture industry had also increased 
[58] and 40% companies across industries reported that 
raw materials were not in stock or their purchase has 
become very expensive [82].

The COVID-19 pandemic had also reportedly led to 
companies suffering financial losses. In the healthcare 

industry, the reduction in surgical and clinic volume as 
well as substitution of acute care for critical care in a 
Washington hospital were estimated to result in revenue 
loss amounting to USD13 to 117 million per year [42]. 
In the agriculture industry, the estimated financial loss 
incurred due to cancellations of hunters and ecotour-
ist as well as loss in live game sales and game meat sales 
over lockdown in South Africa were reported to amount 
to USD0.99 billion loss to the private wildlife indus-
try, whereas finfish farmers across Dhobaura, Bangla-
desh described receiving less profits and suffering a real 
price reduction of USD0.16/kg [58, 84]. In the hospital-
ity and tourism industry, café income had decreased in 
New Zealand and tourism owners in Brunei reported 
reduced earnings and financial difficulties, which had 
led to companies with low margins and poor cashflow 
going out of business [59, 73]. Meanwhile, across mul-
tiple industries in Central America, Romania, and Kos-
ovo, firms observed 25% reduction in sales compared to 
the year previously [86], reduced average revenue since 
state of emergency was established [82], and losses of 
USD32,643.53, USD316,624.61, USD804,205.05, and 
USD864,353.31 for microenterprises, small enterprises, 
medium enterprises, and large companies respectively 
[50]. In the transport industry alone, GDP loss in the 
transport industry were forecasted to range from 1.41 to 
1.67% globally by the end of 2020 [60].

Discussion
The primary aim of this systematic review was to deter-
mine the socioeconomic impacts of airborne and drop-
let-borne infectious diseases on industries. The findings 
of 55 studies encompassing multiple industries across the 
globe indicate that significant direct and indirect socio-
economic costs were incurred as a result of COVID-19, 
influenza, influenza A (H1N1), SARS, tuberculosis and 
norovirus outbreaks, as highlighted in Fig.  2. Accord-
ing to the framework derived from empirical findings, 
outbreaks of airborne and droplet-borne infectious dis-
eases in industries cause illnesses, deaths, high medical 
and public health costs, which in turn lead to significant 
productivity, social, and economic costs. These observa-
tions are in line with the model published by Phua (2005) 
[91], in which the most apparent costs following infec-
tious diseases outbreaks include morbidity, mortality and 
direct costs of medical care and public health interven-
tions, as well as indirect costs attributable to the loss of 
productivity resulting from morbidity, mortality, and 
related health interventions. Following the methodologi-
cal assessment of included studies according to the JBI 
and CEBMa tools, the quality of evidence from this sys-
tematic review can be rated as good. Thus, the findings 
from this systematic review provide reasonably robust 
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evidence of the socioeconomic impacts of airborne and 
droplet-borne diseases on industries.

As shown in this systematic review, airborne and drop-
let-borne infectious diseases were significant causes of 
morbidity and mortality among workers, which ranged 
from self-limiting ILI from influenza infection to pneu-
monia from SARS infection to death from pulmonary 
tuberculosis. Concurrently, substantial costs incurred 
from the use of healthcare resources including healthcare 
expenditures for the diagnosis and treatment of workers, 
as well as public health preventive and control measures 
for managing the diseases at workplaces and commu-
nities. Indeed, influenza epidemics had accounted for 
USD1–3 billion, USD1.1 billion, USD300 million, and 
USD7.90 million in direct medical costs in USA, Ger-
many, France and South Korea respectively [8, 92]. 
Meanwhile, the direct medical costs due to 2009 H1N1 
pandemic were estimated at USD291.7 million, 37 times 
the costs compared to seasonal influenza [92], whereas 
the COVID-19 pandemic had led to a total direct medi-
cal cost of USD163.4 billion in the USA alone [93]. On 
the other hand, direct medical costs attributable to tuber-
culosis, an endemic disease, was USD0.07 billion [69]. 
In this regard, the morbidity and mortality of infectious 
diseases and associated health costs varied widely, and 
is dependent on multiple factors. These factors include 
the transmissibility, virulence, and case fatality rate 
of the pathogen, viral variants, national demography, 
prevalence of comorbidities, as well as the scale of the 
outbreak, public health capacity and response, and avail-
ability of treatment [94].

In addition to the direct costs of infectious diseases 
outbreaks, the indirect costs has been shown to be 5 to 
10-fold greater than direct costs and stems largely from 
losses in work productivity [8]. In this study, the aver-
age workdays missed due to exposure to airborne and 
droplet-borne infectious diseases ranged from 1.3 to 3.73. 
This may be attributable not only to workers getting ill 
but also to risk aversion behaviours adopted by workers 
to prevent becoming infected [54]. Moreover, for large-
scale infectious diseases outbreaks, sickness absence 
from school as well as closure of schools may lead to par-
ents having to take time off work to care for their children 
[5, 8]. Concurrently, presenteeism, which had resulted in 
49 to 74% reduction in productivity, was also reported 
in this study. This may be due to various factors, includ-
ing professional obligation, “lack of cover”, job insecurity, 
high job demand, inflexible work condition, peer pres-
sure, and presenteeism culture [95]. According to Smith 
et  al. (1993) [96], even mild influenza had resulted in a 
reduction of reaction times by 20 to 40%, which may con-
tribute towards impaired work performance with adverse 
effects on health and safety at work (e.g. medical errors) 

as observed in this study. Furthermore, studies suggest 
that the increased tendency of workers to remain indoors 
due to public health measures instituted during infec-
tious diseases outbreaks may also adversely impact health 
and lead to poorer work performance, due to increased 
exposure to indoor air pollutants [97].

Due to the outbreak scale of the 2009 H1N1 pandemic 
and COVID-19 pandemic, national policies such as lock-
downs, movement restrictions, and restricting industries 
sector operation to only those considered essential ser-
vices had to be undertaken in efforts to control the pan-
demic [92]. These measures, coupled with risk aversion 
among the general public, had led to supply shock due to 
temporary closure of businesses deemed non-essential, as 
well as demand shock due to decreased consumption and 
travel among the general public [98]. Due to the above, 
hundreds of millions of workers found themselves losing 
work, both in formal and informal labour markets [99]. 
As demonstrated in this study, workers across industries 
had reported being terminated, furloughed, made to go 
on paid leave, or having their wages or hours of work 
reduced during infectious diseases outbreaks. In the USA 
alone, nearly 6.6 million workers filed for unemployment 
benefits by the end of March 2020 due to COVID-19, 
disrupting a decade-long streak of growth in employ-
ment [98]. In this aspect, industries with high propor-
tions of temporary jobs, inflexible working arrangements, 
and reliance on migrant workforces experienced greater 
labour losses [6, 100, 101]. As an aftermath of infectious 
diseases outbreaks, the employment crises may lead to 
more systemic long-term effect changes, including multi-
plier effects on employment, household income, and food 
security [6].

In terms of infectious diseases’ costs to economy, 
the health services, transport, hospitality and tourism 
industries were affected the most [5, 6, 102]. During the 
COVID-19 pandemic, countries’ health systems had 
been partly or entirely interrupted [102]. High numbers 
of active cases had overwhelmed the health delivery sys-
tem and its capacity to maintain other essential health 
services [103]. Moreover, frontline healthcare providers 
were getting infected at a greater rate compared to the 
general public and the quarantine measures to control 
the spread of infectious diseases had resulted in short-
age in healthcare staffing, further stressing the health 
system [6, 101]. Meanwhile, border closure, travel ban, 
suspension of flight operations globally, restrictions on 
public gatherings, as well as contagion fears had inhib-
ited social and recreational activities and reduced spend-
ing activities, negatively impacting the transport, tourism 
and hospitality industries [4, 101, 102]. During the 2003 
SARS outbreak, Asia-Pacific carriers and North Ameri-
can carriers saw USD6 billion and USD1 billion loss in 
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revenue respectively [104], whereas H1N1 influenza led 
to USD2.8 billion loss in revenue for Mexico’s tourism 
industry [105]. The 2015 MERS outbreak in South Korea 
and Saudi Arabia had led to USD10 billion and USD5 bil-
lion loss in revenue respectively for the tourism indus-
try [4, 106]. On a larger scale, the COVID-19 pandemic 
had led to an immediate collapse in demand in the global 
tourism and leisure industry, 50 million job loss globally, 
and USD2.86 trillion loss in revenue due to significant 
slumps in domestic and international tourism [5, 6, 107].

Closure of borders, reduced personal spending and 
demand for goods, and halts in non-essential imports 
during infectious diseases outbreaks had also led to 
demand shocks across multiple industries [6]. The 2015 
MERS outbreak had resulted in 10, 8.6, 6.3, 2.4, 1.6, and 
0.9% drop in production for the accommodation and 
food, entertainment and recreation, publishing, commu-
nication, and information, transportation and storage, 
wholesale and retail, and electricity and air conditioning 
sectors respectively [106]. During the COVID-19 pan-
demic, government-imposed shutdown had led to the 
temporary closure of major manufacturing companies 
across the globe, causing global supply chain disrup-
tions for raw materials and intermediate products as well 
as disruptions in international and regional trade [5, 98, 
108], which had led to material shortages, increased sup-
ply and production costs, as well as service disruptions as 
observed in this study. Indeed, entire systems including 
production, transportation, marketing, distribution and 
consumption had been adversely impacted, leading to 
reduced profit margins and financial strain on businesses 
[6, 98]. MSME, especially those reliant on intermediate 
goods imported from affected regions, faced greater dif-
ficulty in enduring the disruption [98]. Indeed, according 
to previous studies, almost all MSME in South Asia were 
unable to sustain themselves through lockdown and were 
forced to close their operations during the COVID-19 
pandemic [6].

Other industries were not spared from infectious dis-
eases outbreaks, as impacts on industries have knock-on 
effects on one another due to their interdependencies 
[98]. Indeed, as an aftermath to the 2003 SARS outbreak, 
restrictions and cancellation in the transport industry 
had impacted multinational industries such as oil, for 
which demand had reduced by 300,000 barrels a day in 
Asia [104]. During the COVID-19 pandemic, all sectors 
of the world economy had been affected [5], and in fact, 
it became a global systemic economic risk due to the high 
globalization and interconnectedness among the differ-
ent industries and sectors of the economy [6, 101]. Nev-
ertheless, a small number of industries had performed 
better during pandemic, reflecting changes in consumer 

spending and market behaviour [101]. For example, 
South Korea market chain stores reported increased 
online sales [4], and the food sector, including distribu-
tion and retailing, experienced huge demands on food 
products due to panic-buying and stockpiling of food 
among the general public [5]. Similarly, stay-at-home 
orders had contributed to the increased demand for 
home improvement and renovation products in the con-
struction industry, as observed in this study.

Overall, the total global economic loss due to influenza, 
H1N1, SARS, and COVID-19 epidemics were estimated 
to reach USD600 billion, USD360 billion, USD40 billion, 
and USD8.5 trillion respectively [109–112]. According 
to the World Bank, the global economy was forecasted 
to shrink by 5.2% by the end of 2020 due to COVID-19, 
the worst recession since World War II [113]. In this 
regard, the economic impacts on poorer countries is 
higher due to already strained economic conditions and 
reduced health capacity to cope with pandemic shocks 
[6]. This was reflected in the findings of this study, in 
which COVID-19 financial impacts did not spare even 
larger enterprises across multiple industries in Kosovo, a 
middle-income economy. Similarly, the 2014–2015 Ebola 
outbreaks in Liberia, a low-income economy, had over-
whelmed the economy due to the rise in public health 
expenditure, economic collapse, and revenue decline [7]. 
In addition, the disparity in economic downfall between 
countries may also be attributed to vastly different soci-
ocultural and politico-economic circumstances. For 
example, the devastation of COVID-19 on Pakistan, a 
middle-income economy, have been suggested to be due 
to distinguishable sociocultural patterns such as lower 
observance of preventative measures due to natives’ 
fatalistic religious beliefs, communal living practices, cul-
tural norms that promote disease transmission such as 
handshaking and hugging, as well as food scarcity, low 
economic resources, and poor and corrupt governance 
[114].

The extent of the socioeconomic impacts of airborne 
and droplet-borne infectious diseases on industries will 
depend on the several factors. Firstly, the scale and pro-
tractedness of the outbreak will determine the neces-
sary global and domestic actions and policy measures 
to contain the outbreak and the ensuing immediate 
and long-term economic costs [4, 115]. In this regard, 
endemic infectious diseases such as tuberculosis may 
inflict substantial but steady disease burden and asso-
ciated healthcare costs, whereas epidemic infectious 
diseases such as influenza may quickly overwhelm the 
health system and necessitate public health measures 
that disrupts economic and other socially valuable 
activity [116]. Secondly, the preparedness of health 
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systems to manage and control the outbreak, as well as 
the availability of effective vaccines and enhanced diag-
nostic tests, will also influence the resulting economic 
shocks [4]. Indeed, in any major outbreaks, striking 
the balance between public health gains and economic 
costs of containing the disease often proves to be 
politically difficult [117]. In these scenario, the socio-
economic impacts of infectious diseases may be miti-
gated by economic support deployed by governmental 
and developmental agencies during the pandemic. For 
example, Europe had pledged a €1.7 trillion rescue 
package in an effort to dampen the economic repercus-
sions of COVID-19 on European countries [5].

This study is not without limitations. Firstly, socioec-
onomic data collected may become dated even before 
they are released or published due to the global pan-
demic continually developing and advancing at excep-
tionally rapid pace [117]. Thus, the findings of this 
study may have changed since August 2021. Neverthe-
less, our study findings may provide a perspective of 
the recent past that may be utilised by policy makers, 
public health practitioners, and other stakeholders. 
Moreover, as research related to the pandemic is con-
tinuing, we do not have the complete understanding 
of the socioeconomic impacts of COVID-19. This is 
especially as at present, the trajectory of SARS-CoV-2 
virus and its impacts within any given country remains 
uncertain and is difficult to predict reliably [117]. 
Thirdly, in-depth quantitative analysis was not possible 
due to the heterogeneity of the studies included, and 
direct and indirect cost values were provided when and 
if available. Indeed, this limitation has been reported by 
previous studies, which described quantitative impact 
data being constrained by differing methodologies that 
result in estimates that were not comparable across and 
even within countries [4]. Finally, a drawback of the 
systematic review’s broad approach is that a wide range 
of outcomes were observed from countries with vastly 
different cultural and economic circumstances, which 
may not transfer easily to a specific industry or country.

Equally, it is important to note the strengths of this sys-
tematic review. This systematic review was able to elicit 
valuable findings in relation to the full extent and range 
of socioeconomic impacts of airborne and droplet-borne 
infectious diseases on multi-sectoral industries, which 
have not been attempted previously. Furthermore, meas-
ures were taken to ensure the robustness and quality of this 
systematic review, by conducting it in accordance to the 
PRISMA guidelines, searching through multiple large data-
bases, using comprehensive and exhaustive search terms, 

and assessing the methodological quality of included stud-
ies using established quality assessment tools.

Conclusion
From this systematic review, it is evident that airborne 
and droplet-borne infectious diseases have the poten-
tial to inflict severe socioeconomic costs on regional and 
global industries and sectors. In this aspect, bold policy 
measures and innovative mechanism are warranted to 
sustain economic growth and financial stability during 
infectious diseases outbreaks, especially those reaching 
pandemic levels. To this end, strengthening disease sur-
veillance, prevention, preparedness, and response sys-
tems, as well as investments in vaccine development and 
distribution need to be prioritized to safeguard against 
the threat of infectious diseases. In addition, public health 
policies such as coordinated and consistent stay-at-home 
orders across multiple jurisdictions, rapid scale-up of 
testing, and rapid and accurate communication of miti-
gation plans to the public via social media forums have 
been advocated as measures to control pandemics [118]. 
Meanwhile, digital health innovations such as the use of 
telehealth, web-based tools, and mobile applications for 
healthcare delivery, public health informatics, and public 
education, and the utilisation of computer programmes 
such as the Geographic Information System (GIS) soft-
ware, trackers, and prediction models for surveillance 
and risk mapping, are examples of inventive measures 
that could be employed during infectious diseases out-
breaks [119]. Further research is needed to better under-
stand infectious diseases’ long-term socioeconomic 
impacts to support improved industry preparedness and 
response capacity for ongoing and future outbreaks. To 
ensure informed systems and sector-specific cost-sharing 
strategies for optimal global health and economic secu-
rity, public and private stakeholders at local, national, and 
international levels must ultimately work together.
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