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1 | INTRODUCTION

Influenza is a vaccine-preventable infectious disease that causes
substantial morbidity and mortality globally every year, in particular
among young and elderly individuals and persons with underlying
medical conditions."™* Global studies have suggested a higher bur-
den of influenza-associated severe illness, including death, in Africa
compared to other regions."> Nonetheless, influenza vaccine use
remains low on the continent.’ Disease and economic burden es-
timates are essential to guide policy-making on influenza vaccina-
tion, especially in resource-limited settings; however, the disease
and economic burden of influenza-associated illness remain poorly
understood in Africa.

In South Africa, a middle-income country of 54.8 million people
in 2015, over 10 million mild, 128 000 severe-non-fatal and 11 000
fatal influenza-associated illness episodes are estimated to occur an-
nually with a heavy burden among young and old individuals and
persons with chronic medical conditions, including HIV and tuber-
culosis infection.>*¢ 1! Approximately one million doses of influenza
vaccine are available in the private sector annually, and approxi-
mately the same number of doses is available annually in the public
sector since 2010. Vaccination guidelines are revised annually, and
influenza vaccination is recommended for groups at increased risk
of influenza-associated severe illness with the highest priority given,
in recent years, to pregnant women and HIV-infected individuals.'?
In addition, an influenza policy that also provides the implementa-
tion framework for influenza immunization was adopted in 2017.%°
Nonetheless, the number of doses of influenza vaccine remains in-
sufficient to cover the recommended risk groups, estimated to be
over 20 million individuals.'®

In South Africa, like in many other countries, primary drivers of
vaccine policy are the cost of the vaccine, its delivery, and the eco-

nomic impact of the disease. South Africa has a policy of introducing
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(15%) were out-of-pocket expenses, and $118.4 million (44%) were indirect costs.
The cost of influenza-associated medically attended mild illness ($107.9 million) was
2.3 times higher than that of severe illness ($47.1 million). Influenza-associated res-
piratory illness costs ($251.4 million) accounted for 93% of the total cost. Estimated
absenteeism and YLL were 13.2 million days and 304 867 years, respectively. Among
patients with influenza-associated WHO-defined ILI or SARI, the costs ($95.3 million),
absenteeism (4.5 million days), and YLL (65 697) were 35%, 34%, and 21% of the total
economic and health burden of influenza.

Conclusion: The economic burden of influenza-associated illness was substantial
from both a government and a societal perspective. Models that limit estimates to
those obtained from patients with WHO-defined ILI or SARI substantially underesti-

mated the total economic and health burden of influenza-associated illness.

economic burden, influenza, South Africa, years of life lost

new vaccines or increasing vaccination coverage only after careful
consideration of the evidence of disease burden and the potential
costs and benefits from such vaccines. However, economic burden
estimates of influenza-associated illness in South Africa are lacking.
In this study, we aimed to estimate the mean annual direct and indi-
rect costs, absenteeism, and years of life lost (YLL) from influenza-
associated illness in South Africa from 2013 through 2015.

2 | METHODS

2.1 | Definitions

We estimated the economic burden from a societal perspective.
Costs in South African Rands were converted to 2015 US dollar
using average monthly South African Rand to US dollar exchange
rate in 2015. All costs were expressed in 2015 prices using the South
Africa all-items Consumer Price Index.!*

We aggregated influenza-associated illness within four syn-
dromic endpoints according to published literature from South
Africa,® namely: (a) acute respiratory illness (ie, those meeting the
World Health Organization [WHO)] severe acute respiratory illness
[SARI] and influenza-like illness [ILI] case definitions, which are a
subset of all-respiratory illness)'®; (b) all-respiratory illness; (c) all-cir-
culatory illness; and (d) all-medical non-respiratory/non-circulatory
illness. The main analysis focused on syndromes (b-d), and the total
economic burden was obtained by summing the cost among these
three syndromes, whereas syndrome (a) was used as sensitivity anal-
ysis (ie, minimum estimate). We considered healthcare attendance of
influenza-associated illness in two categories: (a) medically attended:
attended by a registered medical care provider/institution excluding
pharmacies and (b) non-medically attended: not attended by a reg-
istered medical care provider/institution including pharmacies and

traditional healers. We defined the severity of the abovementioned
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influenza-associated illnesses in three levels as follows: (a) mild:
medically and non-medically attended illness not warranting hospi-
talization; (b) severe: medically and non-medically attended illness
warranting hospitalization, including deaths; and (c) in- and out-of-
hospital deaths.

We considered the cost of influenza-associated illness in three
categories as follows: (a) direct medical costs: costs related to treat-
ment incurred both within and outside health facilities (ie, costs of
ambulatory care, hospitalization, pharmaceuticals, and consultation
with traditional healers); (b) direct non-medical costs: illness-re-
lated expenditures that do not relate directly to medical treatment
(eg, transportation costs to hospital/clinics, additional food costs,
and extra expenses for accommodation for both patient and care-

giver); and (c) indirect costs: the value of lost productivity because

of reduced working time (for both patient and caregiver) during
the illness episode or while receiving care. Medical and medication
costs not covered by healthcare facilities, consultation with tradi-
tional healers, and direct non-medical costs were considered out-of-
pocket expenditures.

2.2 | Data sources

For estimation of the economic burden and YLL from influenza-as-
sociated illness, we used a combination of published or publically

available data®¢3!

as well as data collected through laboratory-
confirmed influenza surveillance and costing studies. The list of the
data sources and their use in the estimation approach are provided

in Table 1, whereas the detailed description of each data source is

TABLE 1 Datasources used for the estimation of the economic burden of and years of life lost for influenza-associated illness in South
Africa, 2013-2015

Data source

(DS) number Data source and description

DsS1 Projections of the 2011 South Africa census
for 2013-2015.

DS2 National estimates of influenza-associated
iliness during 2013-2015.

DS3 Laboratory-confirmed influenza surveillance
data among inpatients with SARI and outpa-
tients with ILI at selected surveillance sites
during 2013-2015.

DS4 Hospitalization data from a large private hospi-
tal network (NetCare) active in 7/9 provinces.

DS5 Cost of hospitalization and outpatient
consultation.

DSé6 Costing study of laboratory-confirmed influ-
enza inpatients with SARI and outpatients
with ILI at selected surveillance sites during
2014.

DS7 Community costing survey implemented in 4/9
provinces of South Africa.

DS8 Healthcare utilization survey among individu-
als with SARI or ILI in three South African
communities.

DS9 Minimum wages and unemployment rate.

DS10 Life expectancy for South Africa during

2013-2015.

Input/use in the estimation approach

e Population denominators.

Rates of influenza-associated illness across
syndromes (respiratory, circulatory, and non-
respiratory/non-circulatory), levels of severity
(mild, severe and fatal), and healthcare attend-
ance (medically and non-medically attended).

Length of hospitalization and proportion of
in-hospital procedures (ie, admission to ICU,
chest X-rays, oxygen therapy, medications,
and laboratory tests) among influenza-positive
patients with SARI.

Proportion of medications among influenza-
positive patients with ILI.

Length of hospitalization among patients
hospitalized with circulatory or non-respiratory/
non-circulatory syndromes.

Itemized unit cost (ie, facility fee, consultation,
ICU, chest X-ray, oxygen therapy, medications,
and laboratory tests) for hospitalization and
outpatient consultation.

Cost per patient day equivalent for hospitaliza-
tion and average outpatient consultation cost.

Direct medical and non-medical costs incurred
by the patient/caregiver and absenteeism

for medically attended illness (out-of-pocket
expenditures).

Direct medical and non-medical costs incurred
by the patient/caregiver and absenteeism for
non-medically attended illness (out-of-pocket
expenditures).

Proportion of non-medically attended illness
that sought care with pharmacies or traditional
healers.

Indirect cost due to loss of productivity.

Years of life lost.

Abbreviations: ICU, intensive care unit; ILI, influenza-like iliness; SARI, severe acute respiratory illness.

Ref.

14-16

Primary data collection

17

18-21
22,23

Primary data collection

24

25,26

27,28

29
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provided as Appendix S1. All estimates of influenza disease burden,
either for medically or non-medically attended illness, were based
on pre-existing mean annual national estimates for 2013-2015 (DS2
in Table 1 and Appendix 51).°

2.3 | Estimation of the economic burden of
influenza-associated illness

To estimate the national economic burden of influenza-associated
illness, we used the WHO manual and toolkit, a worksheet based
tool, for estimating the economic burden of seasonal influenza®?
with the following modifications: (a) we included direct and indi-
rect cost estimates for patients and caregivers for non-medically
attended severe illness, as a high proportion (56.1%) of influenza-
associated severe illness is not medically attended in South Africa,6
and (b) we included indirect costs for patients and caregivers for
non-medically attended mild illness, as a high proportion (74.4%) of
influenza-associated mild illness is not medically attended in South
Africa.® Furthermore, of these non-medically attended illness epi-
sodes, a high proportion (57.3%) results in absenteeism from school
or work for the patient and/or the caregiver.26 For each data input
in the WHO toolkit, we inputted the main estimate as well as the
95% Cl as required.*?

We reported total costs summed across the three main endpoints
as well as cost estimates disaggregated by the three main syndromic
endpoints considered in this study (ie, all-respiratory, all-circulatory,
and non-respiratory/non-circulatory). Estimates were parametrized
and generated within six age categories (ie, <1, 1-4, 5-19, 20-44,
45-64, and 265 years of age) and subsequently aggregated.

In addition, we implemented a sensitivity analysis using the WHO
toolkit without the abovementioned modifications and restricted to
influenza-associated ILI and SARI (a subset of all-respiratory illness)

as suggested in the WHO manual.®?

We also reported the economic
burden of influenza-associated illness per capita and as a propor-
tion of the gross domestic product (GDP) for comparison with other
studies globally. South Africa's mean annual GDP during 2013-2015

was $344.9 billion.>

2.3.1 | Direct cost estimation

In the main analysis for medically attended severe iliness, data on
quantities of resources used during hospitalization were obtained
from influenza-positive patients hospitalized with SARI (ie, number
of admissions to ICU, chest X-rays, oxygen therapy, medications,
and laboratory tests—DS3 in Table 1 and Appendix S1) through
routine influenza surveillance conducted in seven public hospitals
across the country. Unit costs of hospitalization/procedures, medi-
cations, and laboratory testing were obtained from the uniform pa-
tient fee schedule of the National Department of Health and the
state price list of the National Health Laboratory Service (DS5 in
Table 1 and Appendix S1). Unit cost was applied to average quantity
of resources used per influenza-associated SARI episode to estimate
ancillary costs (ie, costs of procedures, medications, and laboratory
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tests). Routine service costs per day (eg, facility and consultation
fees) were multiplied by the mean length of hospitalization, which
was estimated within syndromes using DS3 and DS4 in Table 1 and
Appendix S1. Routine service costs and ancillary costs were summed
to obtain the mean total cost of influenza-associated SARI hospitali-
zation per episode. This figure was multiplied by national estimates
of the number of influenza-associated severe illness episodes (ob-
tained from DS1 and DS2 in Table 1 and Appendix S1) across the syn-
dromes evaluated in this study (ie, acute-respiratory, all-respiratory,
all-circulatory, and non-respiratory/non-circulatory). This was done
because hospitalization costs among influenza-associated non-SARI
illness were not available. In addition, we obtained the mean out-of-
pocket expenditure (for patient and caregiver) per influenza-associ-
ated SARI episode using data from a costing study (DSé in Table 1
and Appendix S1) conducted at the same hospitals where SARI sur-
veillance was implemented. A similar approach was used to estimate
the mean consultation cost and out-of-pocket expenses per episode
of influenza-associated ILI and multiplied by national estimates of
the number of influenza-associated mild illness episodes (using DS1
and DS2 in Table 1 and Appendix S1) across the syndromes evalu-
ated in this study.

For non-medically attended mild and severe illness, the quantity
of resources used was obtained from community costing surveys
(DS7 in Table 1 and Appendix S1) and healthcare utilization surveys
(DS8 in Table 1 and Appendix S1). The estimated costs per episode
were multiplied by national estimates of the number of non-medi-
cally attended influenza-associated mild and severe illness (DS2 in
Table 1 and Appendix S1.) across the syndromes evaluated in this
study.

In addition, we postulated that the hospitalization and outpa-
tient consultation costs may be different (probably higher) among
patients with influenza-associated circulatory and non-respiratory/
non-circulatory illness compared to those with influenza-associated
SARI or ILI. Hence, we implemented a sensitivity analysis by replac-
ing the estimated cost of hospitalization and outpatient consultation
among influenza-positive patients with SARI or ILI by the cost per
patient day equivalent (PDE; any hospitalization cost) and any outpa-
tient consultation cost to obtain an estimate that would account for
differential treatment costs across different clinical presentations
(DS5 in Table 1 and Appendix S1).

2.3.2 | Indirect cost estimation

We estimated costs associated with absenteeism due to mild and
severe episodes of influenza-associated illness. For absenteeism due
to hospitalization, number of days absent from work or school was
estimated as the length of hospitalization plus 1.5 days as reported

1.34 Absenteeism was estimated for affected patients

by Molinari et a
and their caregivers, parametrized within syndromes using length of
hospitalization obtained from DS3 and DS4 for patients (Table 1 and
Appendix S1) and DSé for caregivers (Table 1 and Appendix S1). For
mild illness, number of productive days lost was obtained from DSé

and DS7 (Table 1 and Appendix S1).
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School absenteeism due to mild or severe illness was calculated
for individuals aged 5-19 years, and work absenteeism was calcu-
lated for individuals aged 20-64 years including patients and their
caregivers. School and work absenteeism for hospitalized patients
were adjusted based on five working/school days per week with
work absenteeism for patients and caregivers further adjusted to
account for the unemployment rate in South Africa (DS9 in Table 1
and Appendix S1). The mean absenteeism per illness episodes was
obtained by dividing the days of absenteeism as estimated above
(ie, excluding individuals of non-school or working age, and adjust-
ing for five working/school days per week and the unemployment
rate) by the total number of illness episodes, including individuals of
non-school/working age. This resulted in the mean absenteeism for
school or work per illness episode to be lower than the mean number
of hospitalization days per illness episode.

We estimated the indirect cost of medically and non-medically
attended illness by multiplying minimum daily wages by the number
of days absent from work as estimated above for patient and care-
giver. We only considered value of lost time from paid activities but
did not consider value of time for unpaid activities such as house-

keeping or leisure.

2.4 | Estimation of years of life lost due to
influenza-associated deaths

We estimated the YLL due to influenza-associated deaths using the
national estimates of influenza-associated deaths (DS2 in Table 1
and Appendix S1) and the life expectancy for South Africa (DS10 in
Table 1 and Appendix S1). YLL was estimated for all influenza-associ-
ated deaths as well as for influenza-associated SARI deaths.

2.5 | Ethical approval

The SARI protocol (DS2) was approved by the University of the
Witwatersrand Human Research Ethics Committee (HREC) and the
University of KwaZulu-Natal Human Biomedical Research Ethics
Committee (BREC) protocol numbers M081042 and BF157/08,

respectively. The ILI protocol (DS2) was approved by HREC and BREC
protocol numbers M120133 and BFO80/12, respectively. This surveil-
lance was deemed non-research by the US Centers for Disease Control
and Prevention (non-research determination number: 2012-6197).
The costing protocol (DS6) was approved by the HREC protocol num-
ber M121195. All other data sources were publically available.

3 | RESULTS

3.1 | Influenza virus surveillance among patients
with ILI or SARI and length of hospitalization among
patients with respiratory, circulatory, and non-
respiratory/non-circulatory illness (DS3 and DS4)

In 2013-2015, we enrolled and tested 13 912 patients at selected
sentinel sites, of which 5525 (39.7%) presented with ILI and 8387
(60.3%) presented with SARI. Among these, influenza viruses were
detected in 7.9% (1106/13 912) of specimens; 12.4% (683/5525) in
patients presenting with ILI; and 5.0% (423/8387) in patients pre-
senting with SARI. The mean length of hospitalization was 5.5 days
among any patient with SARI and 5.3 days among laboratory influ-
enza-positive patients with SARI (P = 0.356) (DS3).

During the same period, the mean length of hospitalization was
5.7, 7.8, and 4.9 days among patients hospitalized at a large, private
hospital network (NetCare) with respiratory, circulatory, or non-re-

spiratory/non-circulatory illness, respectively (DS4).

3.2 | Direct medical and non-medical costs incurred
by the patient/caregiver and absenteeism due to
medically attended illness (DS5 and DS6)

In 2014, we enrolled 1788 patients into a costing study at selected
influenza surveillance sentinel sites, of which 527 (29.5%) presented
with ILI and 1261 (70.5%) presented with SARI. Of these, 15.2%
(80/527) and 5.4% (68/1261) tested positive for influenza viruses,
respectively. The mean monthly household income, including gov-
ernment support grants, was $559 (median: $475; 2.5th-97.5th

TABLE 2 Direct out-of-pocket costs and days of absenteeism for medically attended mild or severe respiratory illness, South Africa, 2014

(DS6)

Mean value per illness episode (95% Cl)

Category Any ILI

Proportion of illness episodes attended  52.0 (47.1-56.9)

by a caregiver (%)

Influenza-associated ILI

64.9 (52.9-75.6)

Any SARI Influenza-associated SARI

96.2(95.0-97.3) 98.4 (91.6-99.9)

Patient absenteeism (d) 0.7 (0.5-0.9) 0.8(0.2-1.4) 2.1(1.9-2.3) 1.8(1.2-2.4)
Caregiver absenteeism (d) 0.5(0.3-0.7) 0.6 (0.2-0.8) 1.4 (1.2-1.6) 1.3(0.7-1.9)
Out-of-pocket cost for patient ($) 2.9 (1.0-4.8) 1.5(1.1-1.9) 9.0 (7.9-10.2) 6.6 (3.5-9.6)
Medical 0.4 (0.1-0.7) 0.2(0.1-0.3) 3.5(2.7-4.4) 3.3(1.0-5.6)
Non-medical® 2.5(0.8-4.1) 1.3(0.9-1.6) 5.5(4.7-6.3) 3.3(1.4-5.1)
Out-of-pocket cost for caregiver ($) 1.7 (0.4-3.1) 1.3(0.8-1.7) 12.1(8.6-15.5) 7.5(5.1-9.9)

Abbreviations: Cl, confidence intervals; ILI, influenza-like illness (outpatients); SARI, severe acute respiratory illness (inpatients).

2Non-medical costs include cost for transportation and additional food.
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percentiles: $191-$1156). Average direct out-of-pocket costs and
number of days absent from school or work are provided in Table 2,
while the itemized unit costs for patients with influenza-associated
SARI or ILI are provided in Table 3.

3.3 | Economic burden of influenza-
associated illness

The mean direct and indirect cost per illness episode was $25 over-
all; $770 for medically attended severe illness; $40 for medically
attended mild illness; and $15 for non-medically attended mild or
severe illness. Mean annual cost of influenza-associated illness was

WILEY——¥

estimated at $270.5 million (Table 4), 0.08% ($5.1 per capita) of the
total mean annual GDP. Of this, the direct cost for medically and non-
medically attended illness was $152.1 million (56% of the total cost)
and the direct and indirect cost of medically attended influenza-as-
sociated illness was $155.1 million (57% of the total cost) (Table 4 and
Figure 1A,C). Of the direct cost, 73% ($111.3 million) was incurred
by the healthcare system for medical care of medically attended in-
fluenza-associated mild and severe illness and the remaining $40.7
million were out-of-pocket expenses for medically and non-medically
attended mild or severe illness. The indirect cost of influenza-associ-
ated illness was $118.5 million (44% of the total cost). Of this indirect
cost, 69% ($82.0 million) was from non-medically attended illness.

TABLE 3 Healthcare facility costs for medically attended mild or severe respiratory illness, South Africa, 2013-2015 (DS3 and DS5)

Any SARI Influenza-associated SARI

Unitcost % of Mean duration of Mean cost per ill- % of Mean duration of Mean cost per ill-
ltem ($) item? incurred cost (d) ness episode ($) item incurred cost (d) ness episode ($)
Facility fee (24H) 84.2 100.0 5.5 463.1 100.0 5.3 446.2
Consultation (24H) 24.3 100.0 5.5 133.6 100.0 5.3 128.7
ICU (24H) 691.6 1.3 2.3 20.7 1.0 2.5 17.3
Chest X-ray 26.2 78.3 N/A 20.4 79.1 N/A 20.7
Oxygen (24H) 34.3 38.1 1.3 16.9 35.2 1.2 14.4
Antibiotic treatment ~ 18.3° 94.1 N/A 17.2 96.3 N/A 17.6
Other medications 8.0° 100.0 N/A 8.0 100.0 N/A 8.0
HIV test 17.6¢ 83.2 N/A 14.6 77.8 N/A 13.7
Bacterial culture 41 30.7 N/A 1.3 25.8 N/A 11
Tuberculosis test 25.0 37.1 N/A 9.3 371 N/A 9.3
Blood cell count 4.6 88.1 N/A 4.1 88.3 N/A 41
CRP test 59 47.4 N/A 2.8 43.1 N/A 2.5
ESR test 2.8 12.2 N/A 0.3 11.9 N/A 0.3
Urea test 2.4 74.2 N/A 1.8 73.2 N/A 1.8
Total N/A N/A N/A 714.8 N/A N/A 685.6
PDE N/A N/A N/A 129.8 N/A N/A 1294

Any ILI Influenza-associated ILI

Unitcost % of Mean duration of Mean cost per ill- % of Mean duration of Mean cost per ill-
Item ($) item incurred cost (d) ness episode ($) item incurred cost (d) ness episode ($)
Facility fee 8.4 100.0 N/A 8.4 100.0 N/A 8.4
Consultation 8.1 100.0 N/A 8.9 100.0 N/A 8.9
Antibiotic treatment ~ 11.3° 40.1 N/A 4.5 0.37 N/A 4.2
Other medications 3.3° 98.0 N/A 3.2 0.99 N/A 3.3
Total N/A N/A N/A 25.1 N/A N/A 24.8

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HIV, human immunodeficiency virus; ICU, intensive care unit; ILI, influ-
enza-like illness; PDE, cost per patient day equivalent; SARI, severe acute respiratory illness.

2% of individuals that received the item.

bCalculated as the mean cost among patients that were prescribed antibiotics. It accounts for differential costs related to prescribed antibiotics and

posology.

“Calculated as the mean cost among patients that were prescribed medications other than antibiotics. It accounts for differential costs related to

prescribed medications and posology.

dCalculated as the mean cost among patients that were tested for HIV. It accounts for differential costs related to HIV diagnostics utilized (ie, rapid
test, ELISA, or PCR) as well as for CD4+ cell count and viral load among HIV-positive individuals when requested by the attending physician.
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TABLE 4 Mean annual estimates of the direct and indirect costs (expressed in US dollars) of influenza-associated illness in South Africa,
2013-2015 (main analysis using influenza-associated illness specific costs)

Parameter

Medically attended severe illness (hospitalization)

Total absenteeism (d) 3.4 (2.3-4.6)
Absenteeism from school 0.5(0.3-0.7)
Absenteeism from work® 2.9(2.7-3.1)

Total cost ($) 770 (453-1212)
733 (433-1154)
719 (425-1135)
14 (8-19)

36 (20-58)

Medically attended mild illness (outpatient consultation)

Direct cost
Healthcare system
Out-of-pocket?

Indirect cost®

Total absenteeism (d) 1.4(0.9-2.1)
Absenteeism from school 1.0(0.8-1.2)
Absenteeism from work?® 0.4 (0.3-0.5)
Total cost ($) 40 (34-53)
Direct cost 27 (24-30)
Healthcare system 25 (23-27)
Out-of-pocket? 2 (1-3)
Indirect cost® 13 (6-23)
Non-medically attended mild and severe illness

Total absenteeism (d) 1.1(0.9-1.7)
Absenteeism from school 0.5(0.6-0.7)
Absenteeism from work® 0.6 (0.3-1.0)

Total cost ($) 15 (9-24)
Direct cost 4(3-5)

Healthcare system Not applicable

Out-of-pocket? 4 (3-5)
Indirect cost® 11 (5-19)
Total of above categories

Total absenteeism (d) 1.2 (0.9-1.8)
Absenteeism from school 0.6 (0.4-0.8)
Absenteeism from work?® 0.6 (0.3-0.9)

Total cost ($) 25 (20-32)
Direct cost 14 (10-19)
Healthcare system 10 (6-15)
Out-of-pocket? 4 (3-5)
Indirect cost? 11 (5-17)

Abbreviation: Cl, confidence intervals.
2Patient and caregiver.

Cost due to influenza-associated respiratory, circulatory,
and non-respiratory/non-circulatory illness accounted for 93%
($251.4 million), 3% ($8.4 million), and 4% ($10.6 million) of the
total cost, respectively (Table 5 and Figure 1B). The cost of in-
fluenza-associated WHO-defined SARI and ILI (a subset of all-
respiratory illness) was $95.3 million accounting for 35% of the
total cost (Table S3). This cost using the unmodified WHO toolkit

Mean value per illness episode (95% Cl)

Total (95% CI)

209 572 (84 619-440 568)

30731 (11 922-56 851)

178 841 (103 728-253 954)

47 079 788 (16 721 728-115 933 018)
44 850 281 (15 994 271-110 428 451)
43994 581 (15 689 490-108 586 025)
855 700 (304 781-1 842 426)

2229 507 (727 457-5 504 567)

3742 312 (873 845-6 817 553)

2 521 551 (920 848-3 920 389)
1220761 (878 948-1 562 574)

107 987 566 (35 258 178-174 171 071)
73787 330 (29 030 921-97 863 181)
67 298 918 (27 162 744-87 393 369)
6488412 (1868 177-10 469 812)
34200 236 (6 227 257-76 307 890)

9272 992 (2 615 225-16 256 362)
4243098 (1 730 659-6 488 287)
5029 894 (884 566-9 768 075)

115 470 713 (28 367 196-227 359 471)
33428 616 (13 598 817-44 927 770)
Not applicable

33428 616 (13 598 817-44 927 770)
82042 097 (14 768 379-182 431 701)

13224 876 (3 573 689-23 514 483)
6795 380 (2 663 429-10 465 527)
6429 496 (1 867 242-11 584 603)

270 538 067 (80 347 102-517 463 560)
152 066 227 (58 624 009-253 219 402)
111 293 499 (42 852 234-195 979 394)
40772728 (15771 775-57 240 008)
118 471 840 (21 723 093-264 244 158)

(ie, not accounting for direct and indirect cost of non-medically
attended influenza-associated SARI and the indirect cost of non-
medically attended influenza-associated ILI) was estimated at
$87.6 million (Table S3).

The cost of influenza-associated illness using the PDE was esti-
mated at $292.4 million (Table S1). The cost by syndromes using the
PDE is provided in Tables S2 and S4.
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m Respiratory = Circulatory ~ Non-Res./Non-Cir.
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118 471 840 152 066 227

(44%) (56%)

m Direct = Indirect

FIGURE 1 Estimated mean annual proportional cost (in $) of
influenza-associated illness in South Africa during 2013-2015 by: A,
healthcare attendance; B, syndrome; and C, cost type

3.4 | Absenteeism for influenza-associated illness

The mean annual absenteeism associated with influenza-associ-
ated illness was estimated at 13.2 million days (1.2 days per ill-
ness episode; Table 4); 6.7 million days of absenteeism from school
(51%; 0.6 days per illness episode); and 6.4 million days of absen-
teeism from work (49%; 0.6 days per illness episode; Table 4 and
Figure 2C). Absenteeism due to non-medically attended influenza-
associated illness accounted for 70% (9.2 million days) of total ab-
senteeism (Table 4 and Figure 2A).

Absenteeism due to influenza-associated respiratory, circu-
latory, and non-respiratory/non-circulatory illness accounted for
98% (13.0 million days), 1% (74 959 days), and 1% (117 312 days)

WILEY-**

of the total absenteeism, respectively (Table 5 and Figure 2B).
Absenteeism for influenza-associated SARI and ILI (a subset of all-
respiratory illness) was 4.5 million days accounting for 34% of the
total absenteeism (Table S3). The absenteeism for influenza-asso-
ciated illness using the unmodified WHO toolkit was 3.2 million
days (Table S3).

3.5 | Years of life lost for influenza-associated death

During 2013-2015, the estimated mean annual YLL for influenza-
associated death was estimated at 304 867 (Table 6). The YLL due
to influenza-associated respiratory, circulatory, and non-respira-
tory/non-circulatory deaths accounted for 34% (103 265 years),
16% (48 976 years), and 50% (152 626 years) of the total YLL, re-
spectively (Table 6). The YLL for influenza-associated SARI deaths
(a subset of all-respiratory deaths) was 65 697; 21% of the total
YLL (Table S5).

4 | DISCUSSION

We estimated the economic burden, absenteeism, and YLL from in-
fluenza-associated illness in a middle-income country in Africa. The
estimated mean annual economic burden was substantial ($270.5
million) with direct and indirect costs contributing almost equally to
the total cost and the cost of non-medically attended illness mak-
ing up 43% of the total economic burden. The economic burden in-
curred by the healthcare system to treat medically attended illness
accounted for 41% ($111.3 million) of the total cost. The estimated
mean annual length of absenteeism from school or work due to influ-
enza-associated illness was also substantial (13.2 million days) with
absenteeism from non-medically attended illness making up 70%
of total absenteeism. Estimates obtained among individuals meet-
ing the WHO SARI or ILI case definitions (as suggested in the WHO
manual for estimating the economic burden of seasonal influenza®?)
underestimated the total economic burden by 65%, absenteeism by
66%, and YLL by 79%.

Whereas there are no studies on the economic burden of influ-
enza-associated illness from other African countries, the propor-
tional cost of influenza-associated illness to the GDP in South Africa
(0.08%) was similar to those estimated from studies conducted in
high- or middle-income countries in North America, Europe, Asia,
and Australia (range: 0.01%-0.14%).%> The cost per capita in South
Africa ($5.1) was lower than estimates in the United States and
European countries (range: $27-$63), but it was similar to those from
middle-income Asian countries (range: $1-3).%°

In our setting, the indirect cost of influenza-associated illness
accounted for 44% of the total cost. This was similar to studies con-
ducted in the United States and Asia (range: 13%-56%), whereas in
Europe, the indirect cost accounted for a higher proportion of the
total cost (range: 88%-92%).%° Some of these differences may be re-
lated to different unit costs in diverse settings as well as dissimilar
estimation approaches.
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TABLE 5 Mean annual estimates of the direct and indirect cost of influenza-associated illness by syndrome in South Africa, 2013-2015
(main analysis using influenza-associated illness specific costs)

Parameter

Respiratory value (95% CI)

Medically attended severe illness (hospitalization)

Total absenteeism (d)
Absenteeism from school
Absenteeism from work®

Total cost ($)
Direct cost
Healthcare system

Out-of-pocket®

Indirect cost®

132 259 (57 588-250 458)

23523 (8022-42 318)

108 736 (63 067-154 405)

29 615038 (11 024 277-64 591 790)

28208 096 (10 529 730-61 462 487)

27 638 889 (10 316 551-60 350 017)

569 207 (213 179-1 112 470)
1406 942 (494 547-3 129 303)

Medically attended mild illness (outpatient consultation)

Total absenteeism (d)
Absenteeism from school
Absenteeism from work®

Total cost ($)

Direct cost
Healthcare system
Out—of—pocketb

Indirect cost®

3730033(870 285-6 789 121)

2 519 832 (920 215-3 916 914)

1210 201 (871 345-1 549 057)

107 633 247 (35 114 554-173 444 720)
73545226 (28 912 663-97 455 060)
67 078 103 (27 052 096-87 028 910)
6467 123 (1 860 567-10 426 150)
34088 021 (6 201 890-75 989 661)

Non-medically attended mild and severe illness

Total absenteeism (d)
Absenteeism from school
Absenteeism from work®

Total cost ($)

Direct cost
Healthcare system
Out-of-pocket”
Indirect cost®

Total of above categories

Total absenteeism (d)
Absenteeism from school
Absenteeism from work®

Total cost ($)
Direct cost
Healthcare system

Out-of-pocketb

Indirect cost®

9 170 313 (2 579 963-15 989 327)
4232092 (1724 301-6 463 954)
4938221 (855 662-9 525 373)

114 199 113 (27 963 705-223 455 309)
33205 995 (13 496 244-44 319 798)
Not applicable

33205 995 (13 496 244-44 319 798)
80993 118 (14 467 461-179 135 510)

13032 605 (3 507 836-23 028 906)

6 775 447 (2 652 538-10 423 186)
6257 158 (1 790 074-11 228 835)

251 447 398 (74 102 535-461 491 819)

134959317 (52 938 637-203 237 345)

94 716 992 (37 368 647-147 378 927)

40 242 325 (15 569 990-55 858 418)
116 488 081 (21 163 898-258 254 474)

Abbreviations: Cl: confidence intervals
2For this category, severe and mild cases are those meeting the World Health Organization (WHO) severe acute respiratory illness (SARI) and influ-
enza-like illness (ILI) case definitions, respectively. This is a subset of all-respiratory illness.

PPatient and caregiver.

Circulatory value (95% CI)

34 828 (10 664-88 764)
1413 (405-3477)
33415 (19 381-47 449)

7 951 535
(2 564 349-25 204 526)

7 580 920
(2 471 988-24 095 517)

7477 273
(2440 971-23 815 716)

103 647 (31 017-279 801)
370 614 (92 360-1 109 009)

2478 (949-6419)

439 (218-943)

2039 (1468-2610)

71 506 (38 272-163 983)
48 859 (31 513-92 138)
44563 (29 485-82 281)
4296 (2028-9857)

22 646 (6760-71 844)

37 653 (11 762-99 659)

1808 (822-5107)

35 845 (10 940-94 552)

429 831 (126 957-1 344 509)
58 625 (28 199-173 833)
Not applicable

58 625 (28 199-173 833)
371206 (98 758-1 170 675)

74 959 (23 375-194 842)
3660 (1445-9527)
71299 (31 789-144 611)

8452870
(2729 578-26 713 016)

7 688 404
(2 531 700-24 361 488)

7521836
(2 470 456-23 897 997)

166 568 (61 244-463 491)
764 466 (197 878-2 351 528)

Non-respiratory/non-circulatory
value (95% Cl)

42 485 (16 367-101 346)

5795 (3495-11 056)

36 690 (21 280-52 100)

9 513 216 (3 133 104-26 136 702)

9 061 265 (2 992 553-24 870 447)

8878419 (2 931 968-24 420 292)

182 846 (60 585-450 155)
451 951 (140 550-1 266 255)

9801 (2611-22 013)

1280 (415-2532)

8521 (6135-10 907)

282 814 (105 352-562 368)
193 245 (86 745-315 983)
176 252 (81 163-282 178)
16 993 (5582-33 805)

89 569 (18 607-246 385)

65 026 (23 500-167 376)
9198 (5536-19 226)

55 828 (17 964-148 150)
841 769 (276 534-2 559 655)
163 996 (74 374-434 139)
Not applicable

163 996 (74 374-434 139)
677 773 (202 160-2 125 516)

117 312 (42 478-290 735)

16 273 (9446-32 814)

101 039 (45 379-211 157)

10 637 799 (3 514 989-29 258 725)

9 418 506 (3 153 672-25 620 569)

9 054 671 (3 013 131-24 702 470)

363 835 (140 541-918 099)
1219 293 (361 317-3 638 156)
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FIGURE 2 Estimated mean annual proportional number

of absenteeism (in days) from influenza-associated illness in
South Africa during 2013-2015 by: A, healthcare attendance; B,
syndrome; and C, absenteeism type

Whereas the cost per illness episode of non-medically at-
tended illness ($15) was lower than that for medically attended
iliness, the cost of non-medically attended illness accounted for
43% of the total cost. This is because a large proportion of in-
fluenza-associated mild (~74%) and severe (~56%) illness is not
medically attended in South Africa.® This was also reflected in the
high proportional contribution of absenteeism from non-medically
attended illness (70%) to the total.

Irrespective of syndromes, the cost of influenza-associated med-
ically attended mild illness accounted for 70% of the cost of any
medically attended illness (severe and mild). Whereas the cost of and
absenteeism from influenza-associated severe iliness per episode are

higher than those of mild illness, the number of severe iliness episodes

WILEY-*2

is substantially lower (1.2% of total illness) than the number of mild
iliness episodes.® The cost of and absenteeism from influenza-asso-
ciated respiratory illness accounted for 93% and 98% of the total, re-
spectively. Influenza-associated non-respiratory illness accounts for
a large proportion of influenza-associated severe illness (45%), but a
small proportion of influenza-associated mild illness (<1%)° resulting
in an overall minimal contribution of influenza-associated non-respira-
tory illness to the total cost (7%) and absenteeism (2%).

We found a substantial underestimation of the total cost, absen-
teeism, and YLL when restricting the analysis to individuals with in-
fluenza-associated SARI and ILI, a subset of all-respiratory severe and
mild iliness, respectively. This is because, in our setting, influenza-as-
sociated ILI, influenza-associated non-fatal SARI, and influenza-asso-
ciated SARI deaths represent only 34%, 40%, and 20% of the total
number of influenza-associated mild, severe-non-fatal, and fatal illness,
respectively.® In addition, when we implemented the analysis among
individuals with influenza-associated SARI and ILI using the unmodi-
fied WHO tool (ie, not accounting for direct and indirect costs of non-
medically attended influenza-associated SARI and the indirect cost of
non-medically attended influenza-associated ILI), we further underes-
timated cost by $7.7 million and absenteeism by 1.3 million days.

Our study has some limitations that warrant discussion. First,
we did not include the indirect cost associated with deaths including
lost productivity because such estimates are not available for South
Africa. Second, because we did not have specific estimates of costs
for influenza-associated all-circulatory and non-respiratory/non-circu-
latory illness, we assumed the same costs as for influenza-associated
respiratory illness. However, given the proportionally small number of
influenza-associated non-respiratory illness (<1% of the total illness ep-
isodes), this category minimally influenced the total cost estimates. In
addition, the economic burden estimates using the PDE costs (sensitiv-
ity analysis; $292.4 million) and the influenza-associated illness specific
cost (main analysis; $270.5 million) were similar. Last, because of the
high disparity of wages in South Africa, we used the minimum wages
to estimate indirect cost; hence, this represents a minimum estimate.

In conclusion, we found a substantial economic burden, absentee-
ism, and YLL associated with influenza disease in South Africa, with
influenza-associated mild and non-medically attended illness account-
ing for a large proportion of total cost and absenteeism in our setting.
The economic burden was high from both a government and a societal
perspective. Estimates obtained from individuals meeting the SARI
and ILI case definition as suggested in the WHO manual for estimat-

32 would underestimate

ing the economic burden of seasonal influenza
the total burden in excess of 60% for each of the three endpoints
evaluated in this study. This study provides the foundation for future
cost-benefit analysis on potential interventions such as influenza im-
munization. However, despite the substantial disease® and economic
burden of influenza-associated illness in South Africa, given the com-
peting health priorities in the country, it is unlikely that the South
African government will introduce universal influenza immunization in
the near future. Cost-burden and cost-benefit studies on the poten-
tial impact of influenza immunization among groups at increased risk

of influenza-associated severe illness, including different age groups,
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TABLE 6 Estimated mean annual years of life lost (YLL) from influenza-associated death by syndrome in South Africa, 2013-2015

Respiratory

Circulatory

Age (iny) YLL (95% CI) YLL (95% CI)

<1 22019 (15 091-30 183) 1484 (1175-3525)

1-4 8814 (5855-12 466) 2078 (1826-2518)

5-19 6256 (2909-10 702) 1427 (823-3238)
20-44 32397 (22 600-45 311) 9908 (5492-15 660)
45-64 22 197 (14 049-32 172) 17 241 (10 983-44 037)
265 11 582 (5239-19 568) 16 838 (6548-29 541)
<5 30 833 (20 946-42 649) 3562 (3001-6043)

25 72 432 (44 797-107 753) 45 414 (23 846-92 476)
All 103 265 (65 743-150 402) 48 976 (26 847-98 519)

Non-respiratory/non-circulatory
YLL (95% Cl)

35378 (18 926-46 573)
6611 (2392-7618)

14 653 (12 787-25 245)
72 884 (47 389-135 526)
15918 (7686-30 429)
7182 (2842-15 074)

41 989 (21 318-54 191)
110 637 (70 704-206 274)
152 626 (9022-260 465)

Total
YLL (95% Cl)

58 881 (35 192-80 281)

17 503 (10 073-22 602)
22336 (16 519-39 185)
115 189 (75 481-196 497)
55356 (32 718-106 638)
35602 (14 629-64 183)

76 384 (45 265-102 883)
228 483 (139 347-406 503)
304 867 (184 612-509 386)

are warranted to further guide the current influenza vaccination
guidelines'? and refine the existing influenza policy.® An alternative
strategy to risk group-based vaccination is to target the community
transmitters of infection, such as school-aged children, thereby po-
tentially reducing overall community disease burden and associated
cost.%*% Cost-benefit studies of these approaches are also warranted.
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