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a b s t r a c t 

Objectives: The authors conducted a study to estimate the rising disease and economic burden of viral severe acute 

respiratory infections and their management, including COVID-19, respiratory syncytial virus, and influenza types 

A and B, in early and delayed diagnosis scenarios in the Kingdom of Saudi Arabia from a national perspective. 

Methods: This cross-sectional study was conducted in May 2022 using a de novo Excel-based universal cost-of- 

illness calculator model. The study used primary data, such as expert interviews, as well as secondary data from 

a thorough literature search. 

Results: The total economic burden of viral severe acute respiratory infections in patients with an early diagnosis 

was lower than those with a delayed diagnosis among patients with complications, both from the payer’s (United 

States dollar [USD] 3846 million vs USD 4726 million) and societal (USD 4048 million vs USD 5020 million, 

respectively) perspectives. The major cost driver of the total economic burden for both early and delayed diagnosis 

was disease management costs: 49% (USD 1880 million) and 58% (USD 2730 million), respectively. 

Conclusions: In the Kingdom of Saudi Arabia, the total economic burden for COVID-19, influenza (epidemic 

phase), and respiratory syncytial virus was higher with a delayed diagnosis vs an early diagnosis, emphasizing 

the importance of using a broader diagnostic method. 
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Severe acute respiratory infection (SARI) accounts for a substantial

orbidity and mortality, affecting patients of different age groups and

ndividuals with compromised immune, cardiac, and pulmonary systems

1] . The World Health Organization (WHO) defines SARI as an acute res-

iratory infection with a history of fever or measured fever of ≥ 38°C,

ough, and onset within the last 10 days requiring hospitalization [2] .

he estimated mortality from SARI is approximately 4.2 million people

orldwide each year [3] . SARIs are caused by different pathogens in-

luding viruses such as the novel coronavirus SARS-CoV-2, influenza (A

nd B) viruses, and respiratory syncytial virus (RSV) [1] . 

Viral SARIs impose a direct and indirect economic burden on public

ealth. The most recent example is the COVID-19. As of February 2023,

ore than 756 million infections and 6.8 million COVID-related deaths

ere reported to the WHO [4] . In the Kingdom of Saudi Arabia (KSA), a

otal of 828,595 confirmed cases and 9593 deaths were reported during

his period. The incidence and prevalence of symptomatic COVID-19 in
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he KSA were 879.7 per 100,000 people and 6.1%, respectively, while

he overall case fatality was reported at 2% [4] . 

Viral SARIs due to SARS-CoV-2 heavily burdened the global health

are systems in terms of resource utilization and expense management.

eports suggest that the estimated cumulative costs of the COVID-19

andemic are more than $16 trillion, or approximately 90% of the an-

ual gross domestic product of the US [5,6] . A recent retrospective study

rom the KSA reported the average cost per patient for the treatment

f COVID-19 as 44,316 Saudi Arabian Riyal (SAR) (United States dollar

USD] 10,182.5) [7] , which is much higher than the cost reported in the

S (USD 3045) [5] . COVID-19 was a serious concern for patients since

t posed a serious economic burden on health care systems, including

he KSA [7] . 

Influenza and RSV are the other leading viral causes of SARIs [8] . An-

ually, around 1 billion influenza cases, with 3-5 million severe cases,

re reported worldwide [9] . The Global Burden of Disease Study re-

orted that it is a significant reason for hospitalization [10] . According

o the Global Influenza Mortality Project (GLaMOR), influenza causes an
November 2023 
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Figure 1. Model concept. 

Abbreviation: RSV, respiratory syncytial virus. 
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verage of 389,000 respiratory fatalities worldwide (uncertainty range

94,000-518,000) each year, accounting for around 2% of all annual

espiratory deaths [11] . 

RSV infection is a common cause of hospitalization in older adults

ged ≥ 65 years [12] , and children aged < 5 years around the world. The

revalence of RSV infection is high in the Middle East and North Africa

egion [13] , with 1086 RSV infections, accounting for 23.5% of acute

espiratory tract infections and 97.4% of total viral infections in the KSA

lone [14] . 

Identifying the viral pathogen of SARI quickly will enable the adop-

ion of appropriate therapeutic options and help control further trans-

ission through public health interventions and infection control mea-

ures in healthcare facilities [15] . 

The present study was conducted to estimate the economic burden,

ncluding the total burden that includes the direct and indirect costs of

iral SARIs management, including COVID-19, RSV, and influenza types

 and B, in early and delayed diagnosis scenarios in the KSA, from a

ational (the payer and societal) perspective, considering the impact of

accination and, further, to delineate the main cost drivers. 

ethods 

tudy design and setting 

A de novo Excel-based universal cost-of-illness (COI) calculator

odel was developed in May 2022 to quantify the total economic bur-

en of viral SARIs (COVID-19, RSV, and influenza type A and B) in the

SA from a national (payer and societal) perspective, in line with the In-

ernational Society for Pharmacoeconomics and Outcomes (ISPOR) best

ractices in modeling [16] . 

ata collection 

ata generated through interviews 

Literature reviews, surveys, and expert interviews were used for data

ollection. The model structure and data generated were validated by

ey opinion leaders (KOLs) and reported in the manuscript. Further de-

ails are provided in Figure S1. 

inistry of Health data and literature review 

Relevant epidemiological data on viral SARI were retrieved from var-

ous programs and platforms at the agency of preventive health, Ministry

f Health (MOH), KSA. In addition, published literature from the KSA

n SARIs (COVID-19, influenza A and B, and RSV) covering the study

eriod was reviewed. 

he modeling 

odel inputs with early and delayed diagnoses: 

The COI model was based on inputs and adapted in accordance with

he Saudi MOH standard management guidelines. All inputs and as-

umptions were further validated at a roundtable meeting of five multi-

isciplinary experts from the MOH preventative health agency (details

n Table S1). 

opulation inputs:. Population inputs for viral SARIs were obtained from

he literature and based on KOL inputs. They were categorized based on

he patient pathway: screening phase, quarantine phase, and confirmed

ase inputs. 

During the screening phase, the inputs considered for the model were

s follows: country population, test positivity rate, incidence rate, and

he proportion of patients in the patient-specific age group for the condi-

ion [17–22] . Confirmed case inputs for symptomatic and asymptomatic

atients for each of the viral SARIs were also considered. The relevant

nputs for the quarantine phase and confirmed cases of viral SARIs con-

itions are shown in Figure S2. 
81 
iagnosis inputs:. Diagnosis inputs for viral SARIs were categorized into

iagnostic tests and quarantine inputs. Diagnostic test inputs comprised

he early diagnosis scenario (Xpert R ○ Xpress CoV-2 /Flu/ RSV plus test);

nd the delayed diagnosis scenario (standard-of-care reverse transcrip-

ion polymerase chain reaction [RT-PCR] tests for COVID-19, influenza,

nd RSV). Quarantine inputs were classified into quarantine institu-

ional and quarantine home inputs. 

iral SARI clinical management cost inputs:. Direct cost inputs included

iral SARIs management costs which comprised the cost of consulta-

ion, drug acquisition, administration, diagnosis or monitoring, compli-

ations management costs, quarantine inputs, and data on resource uti-

ization costs estimated in 2022 (Table S1). Data on resource utilization

osts were obtained from the literature, KOL interviews, and round-table

iscussion (RTD). Drug acquisition costs were calculated by authors us-

ng cost, insurance, and freight prices. Drugs included in the manage-

ent of viral SARIs were obtained from the MOH guidelines. 

on-drug costs and indirect costs: 

Non-drug costs included, but were not limited to, indirect costs in-

olving productivity losses due to the absenteeism of patients and care-

akers. However, resource utilization costs included costs associated

ith diagnosis, physician visits, nurse visits, hospitalization, complica-

ions management, and adverse event management. 

Expert interviews were mostly used to obtain costs for resource uti-

ization and other indirect costs in the KSA, owing to the lack of pub-

ished national data. 

odeling approach 

An Excel-based micro-costing analysis (COI) was developed to es-

imate the total economic burden of viral SARIs (COVID-19, influenza

 and B, and RSV) and their management associated with the current

tandard of care in the KSA over a 1-year period, both from the payer’s

MOH) and societal perspectives. 

The model inputs included epidemiology data (Table S1) and unit

osts for the management of SARIs with early and delayed diagnoses.

he relative risk of early diagnosis was considered to be 0.58, based on

he study by Cobre et al. [23] , calculated using the odds ratio data [17] .

he model concept is shown in Figure 1 . All prices were stated in USD

pon applying exchange rates for the KSA. 

The impact of vaccination for COVID-19 (vaccination rate: 80%) and

nfluenza vaccination during the epidemic and non-epidemic seasons

s Hajj season (vaccination rates: 23% vs 70%, respectively were also

onsidered while assessing the total economic burden [17,18,22] . 

odel outcomes (projected outcomes) 

The model outcomes included are as follows: 
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Total economic burden, which includes the sum of all the direct and

ndirect costs. 

• Direct costs: Include disease management costs, diagnostic test costs,

quarantine costs (COVID-19), and adverse events management costs.
• Indirect costs: Include productivity loss costs due to the absenteeism

of patients and caregivers. 

nalytical approach 

This COI model calculated the total economic burden of the three

ajor viral SARIs: COVID-19, RSV, and influenza at epidemic, non-

pidemic, and during the Hajj period. 

For all viral SARIs, subgroup analyses (Figure S2) were done to look

t the costs of the outpatient department (OPD), the inpatient depart-

ent (IPD), the intensive care unit (ICU), outpatient care, care after

ospitalization, and managing complications. 

Costs in each subgroup were categorized into costs of consultation,

rug acquisition, drug administration, monitoring, and/or prognostic

ests, hospitalization/bed, and other costs. 

Indirect costs were calculated based on the absenteeism in the

OVID-19 population due to home or institutional quarantine or hos-

ital admission as per the Saudi MOH guidelines. According to the

OLs inputs, the average number of days lost for each patient due to

ome/institution isolation (quarantine) was estimated as 5 days (sta-

le patients). For inpatient admission, the average days lost for patients

nd caregivers were 5 and 2 days respectively, while ICU admission

esulted in 5 and 3 days for patients and caregivers respectively. Post-

ospitalization care had resulted in 3 days lost for each patient with

OVID-19. The average wage was calculated based on the wage of fe-

ale/male workers reported in the General Authority of Statistics [18] .

or patients with influenza and RSV, indirect costs included wage loss

ue to absenteeism. 

In the case of early diagnosis, it has been assumed by clinicians and

OLs that there will be an early and accurate diagnosis, and thus the

tilization of healthcare resources will be reduced. 

In addition, one-way sensitivity analysis (OWSA), wherein each pa-

ameter was varied individually to isolate the consequences of the pa-

ameter on the results and outcomes of the study, was performed (Ta-

le S2). 

thical consideration and compliance with ethics guidelines 

This study was approved by the Central Institutional Review Board

IRB) Log No: 22-60 M. The study was conducted in compliance with ex-

sting literature findings and KOL/expert opinion and did not comprise

ny studies with human participants or animals. 

esults 

he model inputs (population, viral SARI direct management cost, and 

ndirect cost) 

Total country population, estimated incidence rates, and test posi-

ivity rates from secondary literature were used to estimate the number

f patients for viral SARIs for early and delayed diagnosis (Table S3).

he incidence rate of COVID-19 was 6% [18,19,22] , with a general test

ositivity of 19% [22] . 

Influenza incidence and test positivity rates were estimated for the

pidemic, non-epidemic, and Hajj seasons separately [17] . For the epi-

emic season, the incidence rates observed were 10 times greater than

hose for the non-epidemic season (10% vs 1.1%, respectively), with

est positivity rates of 45.5% and 8.1%, respectively. During the Hajj

eason, an incidence rate of 5% and a test positivity rate of 22.7% were

stimated in the Hajj area. 

The estimated incidence rate was 7.6% [20] , and the test positivity

as 10% in the RSV-specific age group [21] . 
82 
he total economic burden of viral SARIs conditions in the KSA 

The study explored the economic burden of viral SARIs, which in-

luded costs pertaining to disease management, diagnostic tests, quaran-

ine, complication management, and indirect costs for early and delayed

iagnoses from both the payer’s and societal perspectives. For COVID-

9 and influenza, the effect of vaccination uptake on the total burden

as also calculated. 

The economic burden of viral SARIs on patients in the early diag-

osis scenario compared with the delayed diagnosis scenario was USD

,846 million vs USD 4,726 million, respectively from the payer per-

pective and USD 4,048 million vs USD 5,020 million, respectively from

he societal perspective. 

The major cost driver of the total burden was disease management

osts for both early ( ∼49%, USD 1880 million) and delayed diagnoses

 ∼58% USD 2730 million) ( Table 1 ). Other major cost drivers for both

arly and delayed diagnoses were diagnostic tests ( ∼25%, USD 976 mil-

ion vs ∼8%, USD 398 million, respectively) and complication manage-

ent ( ∼22%, USD 839 million vs ∼31%, USD 1448 million, respec-

ively). A further breakdown of disease management costs reveals that

onitoring costs play a significant role in both early (60%) and delayed

49%) diagnoses (Table S4). 

he total economic burden of COVID-19 in the KSA 

The total burden of early and late diagnoses in patients with COVID-

9 associated complications, was compared using model inputs. The rel-

tive risk of early diagnosis was set at 0.58, and vaccination had a low

mpact on COVID-19 during the epidemic phase. 

The total burden, from the payer’s perspective, for COVID-19 was

 total of USD 1198 million for patients with an early diagnosis, and

SD 1520 million for those with a delayed diagnosis. The total burden

ecreased with vaccination and was lower in patients with an early di-

gnosis compared with those with a delayed diagnosis (USD 927 million

s USD 982 million, respectively). 

Similarly, for COVID-19 ′ s total burden, from a societal perspective,

nd regardless of the vaccination status, the total cost burden was lower

n patients with early diagnosis vs those with delayed diagnosis ( Table 2

nd Table S5). 

he total economic burden for Influenza 

Results for influenza were compared during the epidemic, non-

pidemic, and the Hajj seasons in relation to early vs delayed diagnosis

nd vaccination status, as summarized in Tables 3 , and S6. 

Based on MOH estimates, there were more people (pilgrims, visitors,

nd citizens) who got vaccinated for influenza during Hajj season (70%)

han during the epidemic and non-epidemic seasons (23%). The total

conomic burden from the payer’s perspective, was lower for patients

ith complications who were diagnosed early than for those who were

iagnosed later, regardless of their vaccination status (with vaccination:

SD 230 million and USD 285 million; without vaccination: USD 260

illion and USD 351 million). 

During the epidemic phase, from the payer’s perspective, a lower

conomic burden was observed in patients with complications with

arly diagnosis compared with those with delayed diagnosis, both with

accination (USD 986 million and USD 1297 million) and without vac-

ination (USD 1025 million and USD 1384 million). 

During the non-epidemic phase, from the payer’s perspective, no

ubstantial difference was noted in the cost burden for early vs delayed

iagnosis (USD 365 million and USD 368 million), when vaccination

mpact was considered. But when considering vaccination impact, the

otal economic burden was slightly higher for early diagnosis than for

elayed diagnosis, from both the payer (USD 356 million and USD

48 million) and societal (USD 359 million and USD 356 million)

erspectives. 
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Table 1 

Total burden of viral SARIs, in patients with complications at early and delayed diagnoses: payer and societal perspectives (without vaccination impact). 

Burden of viral SARIs Societal Payer 

Early diagnosis Per patient (USD) All patients (USD, %) Per patient (USD) All patients (USD, %) 

Total burden 50,259.32 4,048,051,384.42 (100) 46,487.20 3,846,504,682.52 (100) 

Disease management cost 44,617.29 1,880,431,733.82 (46.45) 44,617.29 1,880,431,733.82 (48.89) 

Diagnostic test cost 195.90 976,662,537.52 (24.13) 195.90 976,662,537.52 (25.39) 

Quarantine cost 271.76 149,528,573.21 (3.69) 271.76 149,528,573.21 (3.89) 

Complication management cost 1,402.25 839,881,837.97 (20.75) 1,402.25 839,881,837.97 (21.83) 

Indirect cost 3,772.12 201,546,701.90 (4.98) 3,772.12 201,546,701.90 (5.24) 

Burden of viral SARIs Societal Payer 

Delayed diagnosis Per patient (USD) All patients (USD, %) Per patient (USD) All patients (USD, %) 

Total burden 63,234.12 5,020,856,409.93 (100) 58,372.55 4,726,421,507.48 (100) 

Disease management cost 55,603.15 2,730,183,029.42 (54.38) 55,603.15 2,730,183,029.42 (57.76) 

Diagnostic test cost 79.96 398,637,770.41 (7.94) 79.96 398,637,770.41 (8.43) 

Quarantine cost 271.76 149,528,573.21 (2.98) 271.76 149,528,573.21 (3.16) 

Complication management cost 2,417.67 1,448,072,134.43 (28.84) 2,417.67 1,448,072,134.43 (30.64) 

Indirect cost 4,861.57 294,434,902.45 (5.86) 4,861.57 294,434,902.45 (6.23) 

Abbreviations: SARI, severe acute respiratory infection; USD, United States dollar, %, percentage. 

Conversion rate used: 1 Saudi Arabian Riyal (SAR) = 0.2665324054 USD (February 8, 2023). 

Table 2 

Total burden of COVID-19, with and without complications, at early and delayed diagnoses: payer and societal perspectives 

(with vaccination impact). 

Burden of COVID-19 Early diagnosis Delayed diagnosis 

Per patient (USD) All patients (USD) Per patient (USD) All patients (USD) 

Societal Total burden with complication a 15,890.60 1,066,300,801.95 19,151.47 1,124,014,668.49 

Total burden without complication 15,402.49 875,323,247.06 18,309.90 794,743,022.14 

Payer Total burden with complication a 15,146.65 927,578,362.17 18,146.99 982,785,020.42 

Total burden without complication 14,658.53 736,600,807.28 17,305.42 653,513,374.07 

Disease management cost 14,321.47 367,623,250.25 17,007.00 414,413,787.06 

Diagnostic test cost 65.30 219,448,983.82 26.65 89,571,013.80 

Quarantine cost 271.76 149,528,573.21 271.76 149,528,573.21 

Complication management cost 488.11 190,977,554.88 841.57 329,271,646.35 

Indirect cost (wage loss) 743.95 138,722,439.78 1004.48 141,229,648.07 

Abbreviations: USD, United States dollar. 

Conversion rate used: 1 Saudi Arabian Riyal (SAR) = 0.2665324054 USD (February 8, 2023). 
a Complications included Myocarditis, Acute myocardial infarction, Acute heart failure, Pulmonary embolism, Deep vein 

thrombosis, Pneumonia, Acute respiratory distress syndrome and Sepsis. 
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he total economic burden for RSV 

It was found that patients who were diagnosed with RSV early had

ower costs than those who were diagnosed later (USD 1622 million vs

SD 1821 million for payers and USD 1667 million vs USD 1920 million

or society, respectively) ( Table 4 ). 

 tornado plot illustrating OWSA results 

For patients with COVID-19, it was demonstrated that the test pos-

tivity rate of COVID-19, population of the country, and incidence rate

f COVID-19 introduced the maximum amount of difference to the total

urden of COVID-19 results (Figure S3). 

For influenza, it was demonstrated that the test positivity rate for the

on-epidemic phase, the incidence rate for the non-epidemic phase, the

roportion of patients with symptomatic influenza, and the proportion

f patients with symptomatic tested in the first test, all affected the total

urden of influenza (Figure S4). 

For RSV, it was demonstrated that the total burden of RSV

as affected by the test positivity rate, population of the coun-

ry, proportion of the patients with RSV, with a specific age group

or RSV, incidence rate of RSV, proportion of patients with symp-

omatic RSV, and proportion of patients with symptomatic in the first

est had a significant impact on the total economic burden of RSV

Figure S5). 
83 
iscussion 

Viral SARIs are highly prevalent and exhibit high mortality rates con-

ributing to a pronounced economic burden. As a result, understanding

he impact of timely diagnosis and developing effective treatment strate-

ies to reduce direct and indirect costs, in addition to the total economic

urden of vaccination, are critical for efficient resource allocation in

ealth care. As far as we know, this is the first study on the economic

urden of viral SARIs in the KSA. 

The current study estimated the cost per patient of the three major

iral SARIs: COVID-19, RSV, and influenza at epidemic, non-epidemic,

nd during the Hajj period in KSA (details in Tables 2-4 , S5, and S6). 

The relatively lower influenza vaccination uptake compared to ear-

ier years may have contributed to a higher burden of SARIs [24] . 

In the early and delayed diagnoses scenarios ( ∼49% and ∼58%, re-

pectively), disease management was primarily responsible for the total

conomic burden. Data on the total burden of viral SARIs from the payer

nd societal perspectives in Middle Eastern countries, including the KSA,

re scarce and conflicting. A study from the KSA found laboratory in-

estigations and treatment costs to be the major cost drivers [7] , while

nother study from Iran found hospital beds, medicines, and medical

onsumables to drive major costs [25] . 

A breakdown of costs indicated higher diagnostic costs for patients

ith early diagnosis compared with delayed diagnosis ( ∼25% and ∼8%,
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Table 3 

Total burden of Influenza, with and without complications, at early and delayed diagnoses during non-epidemic, epidemic, and hajj period: payer and societal 

perspectives (with vaccination impact). 

Burden of Influenza: non-epidemic 

Burden of Influenza Early diagnosis Delayed diagnosis 

Per patient (USD) All patients (USD) Per patient (USD) All patients (USD) 

Societal Total burden with 

complication a 
12,263.64 359,681,998.82 18,084.69 356,349,911.07 

Total burden without 

complication 

11,893.56 267,310,478.28 17,446.62 197,088,668.76 

Payer Total burden with 

complication a 
11,199.20 356,846,132.06 16,502.36 348,244,350.33 

Total burden without 

complication 

10,829.12 264,474,611.52 15,864.29 188,983,108.02 

Disease management cost 10,763.82 53,476,510.98 15,837.64 102,861,434.33 

Diagnostic test cost 65.30 210,998,100.55 26.65 86,121,673.69 

Quarantine cost 0.00 0.00 0.00 0.00 

Complication management 

cost 

370.08 92,371,520.54 638.07 159,261,242.31 

Indirect cost (wage Loss) 1064.43 2,835,866.76 1582.32 8,105,560.74 

Burden of Influenza: epidemic 

Burden of Influenza Early diagnosis Delayed diagnosis 

Per patient (USD) All patients (USD) Per patient (USD) All patients (USD) 

Societal Total burden with 

complication a 
12,263.64 998,777,303.28 18,084.69 1,333,015,639.31 

Total burden without 

complication 

11,893.56 590,856,434.64 17,446.62 629,703,796.81 

Payer Total burden with 

complication a 
11,199.20 986,253,862.90 16,502.36 1,297,220,760.56 

Total burden without 

complication 

10,829.12 578,332,994.26 15,864.29 593,908,918.07 

Disease management cost 10,763.82 236,157,039.33 15,837.64 454,245,263.00 

Diagnostic test cost 65.30 342,175,954.93 26.65 139,663,655.07 

Quarantine cost 0.00 0.00 0.00 0.00 

Complication management 

cost a 
370.08 407,920,868.65 638.07 703,311,842.49 

Indirect cost (wage Loss) 1,064.43 12,523,440.38 1,582.32 35,794,878.75 

Burden of Influenza- hajj period 

Early diagnosis Delayed diagnosis 

Burden of Influenza Per patient (USD) All patients (USD) Per patient (USD) All patients (USD) 

Societal Total burden with 

complication a 
11,202.18 232,547,217.26 16,254.60 292,156,819.36 

Total burden without 

complication 

10,880.65 142,510,683.25 15,700.23 136,921,415.90 

Payer Total burden with 

complication a 
10,231.56 230,063,422.34 14,834.02 285,319,446.34 

Total burden without 

complication 

9,910.03 140,026,888.34 14,279.65 130,084,042.89 

Disease management cost 9,844.73 53,098,955.31 14,253.00 94,603,253.90 

Diagnostic test cost 65.30 86,927,933.04 26.65 35,480,788.99 

Quarantine cost 0.00 0.00 0.00 0.00 

Complication management 

cost 

321.53 90,036,534.00 554.37 155,235,403.45 

Indirect cost (wage loss) 970.62 2,483,794.91 1,420.58 6,837,373.01 

Abbreviations: USD, United States dollar. 

Conversion rate used: 1 Saudi Arabian Riyal (SAR) = 0.2665324054 USD (February 8, 2023). 
a Complications included Myocarditis, Acute myocardial infarction, Acute heart failure, Pulmonary embolism, Deep vein thrombosis, Pneumonia, Acute respiratory 

distress syndrome and Sepsis. 
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(  
espectively) due to the price of the Xpert R ○ Xpress CoV-2/Flu/RSV plus

est; however, the early diagnosis of viral SARIs contributed to lower

osts related to complication management compared with delayed di-

gnosis ( ∼22% and ∼31%, respectively), thereby resulting in a lower

otal economic burden for early diagnosis of viral SARI. Moreover, early

esting along with prevention with vaccination is important to curb the

pread of SARI viruses. 

In our model, the disease management costs were Saudi Arabian

iyal (SAR) 7050 million (USD 1880 million) and SAR 10,238 million

USD 2730 million) for early and delayed diagnoses, respectively. In
84 
revious literature, the management cost varied across different peri-

ds, settings, and regions. Between 2020-2021, the total cost of medical

ervices for hospitalized patients with COVID-19 in KSA was estimated

t USD 51,565,628, which included patients admitted to the general

ard (USD 38,895) and ICU (USD 24,207,297) [7] . Another study no-

iced high direct medical cost burden per patient with COVID-19 in the

SA (USD 11,387.86 ± USD 7949.66 for general ward patients and USD

1,178.21 ± USD 14,839.38 for patients in ICU) [26] . 

Complication management costs increased the overall cost by 22%

from USD 839 million to USD 1448 million) in our study. In a US study,
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Table 4 

Total burden of RSV, with and without complications, at early and delayed diagnoses: payer and societal perspectives. 

Burden of RSV Early diagnosis Delayed diagnosis 

Per patient (USD) All patients (USD) Per patient (USD) All patients (USD) 

Societal Total burden with complication a 16,692.92 1,667,286,784.62 16,666.64 1,920,185,068.02 

Total burden without complication 16,675.84 1,648,837,696.01 16,637.20 1,888,376,294.57 

Payer Total burden with complication a 15,158.72 1,622,606,223.30 15,132.44 1,821,624,510.96 

Total burden without complication 15,141.63 1,604,157,134.70 15,102.99 1,789,815,737.51 

Disease management cost 15,076.33 1,189,119,535.93 15,076.33 1,620,412,635.97 

Diagnostic test cost 65.30 415,037,598.77 26.65 169,403,101.54 

Quarantine cost 0.00 0.00 0.00 0.00 

Complication management cost 17.08 18,449,088.60 29.45 31,808,773.45 

Indirect cost (wage loss) 1,534.21 44,680,561.32 1,534.21 98,560,557.06 

Abbreviations: RSV, respiratory syncytial virus; USD, United States dollar. 

Conversion rate used: 1 Saudi Arabian Riyal (SAR) = 0.2665324054 USD (February 8, 2023). 
a Complications included Myocarditis, Acute myocardial infarction, Acute heart failure, Pulmonary embolism, Deep vein thrombosis, Pneumonia, 

Acute respiratory distress syndrome and Sepsis. 
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he median hospital charges increased from USD 43,986 to USD 198,394

mong hospitalized patients with COVID-19 requiring ICU and invasive

echanical ventilation [27] . Rae et al. [28] estimated an average hos-

ital cost of USD 9763 for hospitalized patients with COVID-19 with-

ut complications and USD 34,223-88,114 for patients with mechanical

entilation. 

Our model also reported significantly lower indirect costs from both

erspectives in the early diagnosis (USD 3772.12 per patient) and late

iagnosis (USD 4861.57 per patient), compared with the costs reported

n Iran, where the mean indirect costs were estimated to be USD 11,634

er person [25] . 

In this study, we found that the total burden of influenza during

he epidemic phase from the payer perspective decreased with early

iagnosis compared to delayed diagnosis (USD 986 million vs USD 1297

illion). Putri et al . [29] estimated the annual total economic burden

f influenza on the US health care system and society to be USD 11.2

illion (USD 6.3-25.3 billion), which included direct medical costs of

SD 3.2 billion and indirect costs of USD 8.0 billion. 

Our study estimated the economic burden for early diagnosis of vi-

al SARIs (COVID-19, influenza, and RSV) vs conventional RT-PCR for

OVID-19, influenza, and RSV. The total economic burden was lower

ith early diagnosis for COVID-19 and influenza especially during the

pidemic phase and during Hajj, when vaccination impact was consid-

red. Early identification of the viral etiology of viral SARIs may have

ontributed to total cost reduction by lowering the cost of treatment, as

ell as reducing hospital and ICU admissions. 

imitations 

As with any modeling analysis, this study has a few limitations that

hould be considered while evaluating the results. 

The retrospective nature of the study limited our ability to perform

urther validation of the data. For example, it was not possible to exam-

ne the effect of SARS-CoV-2 variants across successive pandemic waves.

dditionally, the effect of frequent amendments to testing, management,

nd vaccination policies could not be measured. When reliable input

ata were not available, we relied on expert opinions to generate model

nputs (assumptions) on diseases epidemiology, vaccination status, fre-

uency of resource utilization, treatment options, and costs. Moreover,

he authors did not consider the sensitivity of the diagnosis test as an

nput parameter, which is one of the model limitations. We attempted

o reduce the inherent bias of this approach by expanding the spectrum

f experts and rounding interviews. 

onclusion 

In the KSA, patients with an early diagnosis showed a lower eco-

omic burden of viral SARIs compared with those with a delayed diag-
85 
osis using separate RT-PCR tests from the provider and the public per-

pectives, both among patients with and without complications. Mortal-

ty for COVID-19 and influenza patients with complications was lower

ith early diagnosis than with delayed diagnosis, both during the epi-

emic and Hajj seasons, when the impact of vaccination was considered.

apid diagnostic tools will help accelerate the treatment process and

educe the economic burden (total, direct, and indirect costs) of viral

ARIs. 

eclaration of Competing Interest 

The authors have no competing interests to declare. 

unding 

The study was funded by Cepheid . 

thical approval 

Not required. 

cknowledgments 

The authors would like to thank Kashika Arora, Dr. Kavitha Ganesha,

nd Aditi Aggarwal of IQVIA, India for their assistance with the writing.

he authors were fully responsible for all content and editorial decisions

t all stages of manuscript development and approved the final version.

uthor contributions 

All authors participated and contributed in the study design, method-

logy validation, data collection, data analysis, drafting and revision of

he manuscript. 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi: 10.1016/j.ijregi.2023.11.016 . 

eferences 

[1] Li J, Song CL, Wang T, Ye YL, Du JR, Li SH, et al. Etiological and epidemi-

ological characteristics of severe acute respiratory infection caused by multiple

viruses and Mycoplasma pneumoniae in adult patients in Jinshan, Shanghai: a pilot

hospital-based surveillance study. PLoS One 2021; 16 :e0248750. doi: 10.1371/jour-

nal.pone.0248750 . 

[2] World Health Organization. WHO surveillance case definitions for ILI and SARI:

WHO, https://www.who.int/teams/global-influenza-programme/surveillance-and- 

monitoring/case-definitions-for-ili-and-sari ; 2014 [accessed 14 March 2023]. 

https://doi.org/10.1016/j.ijregi.2023.11.016
https://doi.org/10.1371/journal.pone.0248750
https://www.who.int/teams/global-influenza-programme/surveillance-and-monitoring/case-definitions-for-ili-and-sari


A.M. Assiri, F.S.F. Alsubaie, S.A. Amer et al. IJID Regions 10 (2024) 80–86 

 

l.pdf ; 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

[  

[  

 

[  

[  

 

 

[  

 

[  

 

 

[  

 

[  

 

[  

 

 

[  

 

[  

 

 

[  

 

[3] World Health Organization. The global burden of disease: 2004 update,

http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_ful

2004 [accessed 14 March, 2023]. 

[4] World Health Organization. Coronavirus (COVID-19) Dashboard: WHO,

https://covid19.who.int/ ; 2023 [accessed 14 March 2023]. 

[5] Bartsch SM, Ferguson MC, McKinnell JA, KJ O’shea, Wedlock PT, Sieg-

mund SS, et al. The Potential health care costs and Resource Use Associated

with COVID-19 in the United States. Health Aff (Millwood) 2020; 39 :927–35.

doi: 10.1377/hlthaff.2020.00426 . 

[6] Cutler DM, Summers LH. The COVID-19 pandemic and the $16 trillion virus. JAMA

2020; 324 :1495–6. doi: 10.1001/jama.2020.19759 . 

[7] Alenzi KA, Al-Malky HS, Altebainawi AF, Abushomi HQ, Alatawi FO, Atwadi MH,

et al. Health economic burden of COVID-19 in Saudi Arabia. Front Public Health

2022; 10 :927494. doi: 10.3389/fpubh.2022.927494 . 

[8] Chavez D, Gonzales-Armayo V, Mendoza E, Palekar R, Rivera R, Rodriguez A, et al.

Estimation of influenza and respiratory syncytial virus hospitalizations using sen-

tinel surveillance data-La Paz, Bolivia. 2012–2017. Influenza Other Respir Viruses

2019; 13 :477–83. doi: 10.1111/irv.12663 . 

[9] Iuliano AD, Roguski KM, Chang HH, Muscatello DJ, Palekar R, Tempia S, et al.

Estimates of global seasonal influenza-associated respiratory mortality: a modelling

study. Lancet 2018; 391 :1285–300. doi: 10.1016/S0140-6736(17)33293-2 . 

10] GBD 2017 Influenza CollaboratorsMortality, morbidity, and hospitalisations due

to influenza lower respiratory tract infections, 2017: an analysis for the

Global Burden of Disease Study 2017. Lancet Respir Med 2019; 7 :69–89.

doi: 10.1016/S2213-2600(18)30496-X . 

11] Paget J, Spreeuwenberg P, Charu V, Taylor RJ, Iuliano AD, Bresee J, et al.

Global mortality associated with seasonal influenza epidemics: new burden esti-

mates and predictors from the GLaMOR Project. J Glob Health 2019; 9 :020421.

doi: 10.7189/jogh.09.020421 . 

12] Shi T, Denouel A, Tietjen AK, Campbell I, Moran E, Li X, et al. Global disease burden

estimates of respiratory syncytial virus-associated acute respiratory infection in older

adults in 2015: A systematic review and meta-analysis. J Infect Dis 2020; 222 :S577–

83. doi: 10.1093/infdis/jiz059 . 

13] Yassine HM, Sohail MU, Younes N, Nasrallah GK. Systematic review of the respira-

tory syncytial virus (RSV) prevalence, genotype distribution, and seasonality in chil-

dren from the Middle East and North Africa (MENA) region. Microorganisms 2020; 8 .

doi: 10.3390/microorganisms8050713 . 

14] Albogami SS, Alotaibi MR, Alsahli SA, Masuadi E, Alshaalan M. Seasonal

variations of respiratory viruses detected from children with respiratory tract

infections in Riyadh, Saudi Arabia. J Infect Public Health 2018; 11 :183–6.

doi: 10.1016/j.jiph.2017.06.001 . 

15] Cheng A, Riedel S, Arnaout R, Kirby JE. Verification of the Abbott Alin-

ity m Resp-4-Plex assay for detection of SARS-CoV-2, influenza A/B, and

respiratory syncytial virus. Diagn Microbiol Infect Dis 2022; 102 :115575.

doi: 10.1016/j.diagmicrobio.2021.115575 . 
86 
16] Caro JJ, Briggs AH, Siebert U, Kuntz KM. ISPOR-SMDM Modeling Good Research

Practices Task Force. Modeling good research practices–overview: a report of the

ISPOR-SMDM Modeling Good Research Practices Task Force-1. Med Decis Making

2012; 32 :667–77. doi: 10.1177/0272989X12454577 . 

17] Field Epidemiology Training Program Ministry of Health. Monthly epidemiology re-

ports, KSA, Saudi FETP ; 2023. [accessed 7 December, 2023] . 

18] General Authority of Statistics. Kingdom of Saudi Arabia: General Authority of Statis-

tics: GASTAT, https://www.stats.gov.sa/en ; 2023 [accessed 14 Febraury 2023]. 

19] Alswaidi FM, Assiri AM, Alhaqbani HH, Alalawi MM. Characteristics and outcome

of COVID-19 cases in Saudi Arabia: review of six-months of data (March–August

2020). Saudi Pharm J 2021; 29 :682–91. doi: 10.1016/j.jsps.2021.04.030 . 

20] Al Harbi AS. War against respiratory syncytial virus. An 8-year experience at a ter-

tiary hospital. Saudi Med J 2018; 39 :1200–6. doi: 10.15537/smj.2018.12.23355 . 

21] Moreira LP, Watanabe ASA, Camargo CN, Melchior TB, Granato C, Bellei N. Respira-

tory syncytial virus evaluation among asymptomatic and symptomatic subjects in a

university hospital in Sao Paulo, Brazil, in the period of 2009–2013. Influenza Other

Respir Viruses 2018; 12 :326–30. doi: 10.1111/irv.12518 . 

22] Alissa DA, Aburas W, Almasuood R, Almudaiheem HY, Al Aseri Z, Alrabiah F, et al.

Prevalence and epidemiological trends in mortality due to COVID-19 in Saudi Ara-

bia. Public Health 2023; 215 :31–8. doi: 10.1016/j.puhe.2022.07.014 . 

23] Cobre AF, Böger B, Fachi MM, RdO Vilhena, Domingos EL, Tonin FS, et al. Risk

factors associated with delay in diagnosis and mortality in patients with COVID-

19 in the city of Rio de Janeiro, Brazil. Cien Saude Colet 2020; 25 :4131–40.

doi: 10.1590/1413-812320202510.2.26882020 . 

24] Alshahrani SM, Zahrani Y. Prevalence and predictors of seasonal influenza vaccine

uptake in Saudi Arabia post COVID-19: a web-based online cross-sectional study.

Vaccines 2023; 11 . doi: 10.3390/vaccines11020353 . 

25] Ghaffari Darab M, Keshavarz K, Sadeghi E, Shahmohamadi J, Kavosi Z. The eco-

nomic burden of coronavirus disease 2019 (COVID-19): evidence from Iran. BMC

Health Serv Res 2021; 21 :132. doi: 10.1186/s12913-021-06126-8 . 

26] Khan AA, AlRuthia Y, Balkhi B, Alghadeer SM, Temsah MH, Althunayyan SM,

et al. Survival and estimation of direct medical costs of hospitalized COVID-19 pa-

tients in the Kingdom of Saudi Arabia. Int J Environ Res Public Health 2020; 17 .

doi: 10.3390/ijerph17207458 . 

27] Di Fusco M, Shea KM, Lin J, Nguyen JL, Angulo FJ, Benigno M, et al. Health outcomes

and economic burden of hospitalized COVID-19 patients in the United States. J Med

Econ 2021; 24 :308–17. doi: 10.1080/13696998.2021.1886109 . 

28] Rae M, Claxton G, Kurani N, McDermott D, Cox C. Potential costs of coron-

avirus treatment for people with employer coverage . Peterson Center on Healthcare

and Kaiser Family Foundation; 2020 . https://www.healthsystemtracker.org/

brief/potential-costs-of-coronavirus-treatment-for-people-with-employer-coverage ; 

[Accessed: 20 March 2023]. 

29] Putri WCWS, Muscatello DJ, Stockwell MS, Newall AT. Economic bur-

den of seasonal influenza in the United States. Vaccine 2018; 36 :3960–6.

doi: 10.1016/j.vaccine.2018.05.057 . 

http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf
https://covid19.who.int/
https://doi.org/10.1377/hlthaff.2020.00426
https://doi.org/10.1001/jama.2020.19759
https://doi.org/10.3389/fpubh.2022.927494
https://doi.org/10.1111/irv.12663
https://doi.org/10.1016/S0140-6736(17)33293-2
https://doi.org/10.1016/S2213-2600(18)30496-X
https://doi.org/10.7189/jogh.09.020421
https://doi.org/10.1093/infdis/jiz059
https://doi.org/10.3390/microorganisms8050713
https://doi.org/10.1016/j.jiph.2017.06.001
https://doi.org/10.1016/j.diagmicrobio.2021.115575
https://doi.org/10.1177/0272989X12454577
http://refhub.elsevier.com/S2772-7076(23)00124-8/sbref0017
https://www.stats.gov.sa/en
https://doi.org/10.1016/j.jsps.2021.04.030
https://doi.org/10.15537/smj.2018.12.23355
https://doi.org/10.1111/irv.12518
https://doi.org/10.1016/j.puhe.2022.07.014
https://doi.org/10.1590/1413-812320202510.2.26882020
https://doi.org/10.3390/vaccines11020353
https://doi.org/10.1186/s12913-021-06126-8
https://doi.org/10.3390/ijerph17207458
https://doi.org/10.1080/13696998.2021.1886109
https://www.healthsystemtracker.org/brief/potential-costs-of-coronavirus-treatment-for-people-with-employer-coverage
https://doi.org/10.1016/j.vaccine.2018.05.057

	The economic burden of viral severe acute respiratory infections in the Kingdom of Saudi Arabia: A nationwide cost-of-illness study
	Introduction
	Methods
	Study design and setting
	Data collection
	Data generated through interviews
	Ministry of Health data and literature review

	The modeling
	Model inputs with early and delayed diagnoses:
	Non-drug costs and indirect costs:
	Modeling approach
	Model outcomes (projected outcomes)

	Analytical approach
	Ethical consideration and compliance with ethics guidelines

	Results
	The model inputs (population, viral SARI direct management cost, and indirect cost)
	The total economic burden of viral SARIs conditions in the KSA
	The total economic burden of COVID-19 in the KSA
	The total economic burden for Influenza
	The total economic burden for RSV

	A tornado plot illustrating OWSA results

	Discussion
	Limitations

	Conclusion
	Declaration of Competing Interest
	Funding
	Ethical approval
	Acknowledgments
	Author contributions
	Supplementary materials
	References


