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Background: Data on influenza burden in risk groups for severe influenza are important to guide targeted
influenza immunization, especially in resource limited settings. However, this information is limited
overall and in particular in low- and middle-income countries. We sought to assess the mean annual
national burden of medically and non-medically attended influenza-associated mild, severe-non-fatal
and fatal illness among potential target groups for influenza immunization in South Africa during
2013–2015.
Methods: We used published mean national annual estimates of mild, severe-non-fatal, and fatal
influenza-associated illness in South Africa during 2013–2015 and estimated the number of such ill-
nesses occurring among the following risk groups: (i) children aged 6–59 months; (ii) individuals aged
5–64 years with HIV, and/or pulmonary tuberculosis (PTB), and/or selected underlying medical condi-
tions (UMC); (iii) pregnant women; and (iv) individuals aged �65 years. We also estimated the number
of individuals among the same risk groups in the population.
Results: During 2013–2015, individuals in the selected risk groups accounted for 45.3%
(24,569,328/54,086,144) of the population and 43.5% (4,614,763/10,598,138), 86.8% (111,245/128,173)
and 94.5% (10,903/11,536) of the mean annual estimated number of influenza-associated mild, severe-
non-fatal and fatal illness episodes, respectively. The rates of influenza-associated illness were highest
in children aged 6–59 months (23,983 per 100,000 population) for mild illness, in pregnant women
(930 per 100,000 population) for severe-non-fatal illness and in individuals aged �65 years (138 per
100,000 population) for fatal illness.
Conclusion: Influenza immunization of the selected risk groups has the potential to prevent a substantial
number of influenza-associated severe illness. Nonetheless, because of the high number of individuals at
risk, South Africa, due to financial resources constrains, may need to further prioritize interventions
among risk populations. Cost-burden and cost-effectiveness estimates may assist with further
prioritization.
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1. Introduction

Global studies have suggested a higher burden of influenza-
associated severe illness, including death, in Africa compared to
other regions [1,2]. This has been attributed, among other reasons,
to the elevated number of individuals with predisposing factors for
influenza-associated severe illness, such as a high number of chil-
dren aged <5 years and a high prevalence of human immunodefi-
ciency virus (HIV), tuberculosis, other underlying medical
conditions, and pregnancy [3]. Nonetheless, the use of influenza
vaccines remains limited in Africa [4], likely due to financial con-
straints and competing health priorities.

In resource-limited settings, governments may not have suffi-
cient resources to provide vaccination to all individuals at
increased risk of severe influenza and may need to prioritize
between risk groups. In 2012, the World Health Organization
(WHO) Strategic Advisory Group of Experts on Immunization high-
lighted that ‘‘country-specific information about risk groups, disease
burden and cost-effectiveness are important to aid national policy
makers [. . .] in making informed decisions about target groups [. . .]
for vaccination” [5].

In South Africa, a middle-income country with a high burden of
HIV and tuberculosis and a high pregnancy rate, approximately one
million doses of influenza vaccine have been available annually in
the public sector since 2010. Influenza vaccination is recom-
mended for groups at increased risk of influenza-associated severe
illness [6]; however, the available number of doses is insufficient to
cover the recommended risk groups, estimated to be over 20 mil-
lion individuals [7].

In South Africa, national estimates of the disease and economic
burden of influenza-associated illness irrespective of risk groups
are available [8,9] and individuals at increased risk of severe illness
have been identified [10–20]. This information has been pivotal to
the formulation of a national influenza policy [7]. A framework to
guide the prioritization of risk groups for influenza immunization
has also been developed [21], leading, in recent years, to prioritize
influenza immunization for pregnant women and HIV-infected
adults [6]. The risk groups selected in South Africa are among that
recommended for influenza immunization by WHO [5]. Nonethe-
less, data on the cost-effectiveness of such interventions are lack-
ing. This is mainly due to the lack of estimates of the burden and
proportional contribution of influenza-associated illness among
risk groups across levels of severity, whether the illness episode
is medically or non-medically attended, and the cost of the illness
episode to the health system and the society. Such data could assist
in further refining the prioritization of risk groups and potentially
assist in motivating for increased vaccination coverage in selected
populations.

In this study, we sought to assess the mean annual national bur-
den of medically and non-medically attended influenza-associated
mild, severe-non-fatal and fatal illness among potential target
groups for influenza immunization in South Africa during 2013–
2015 to provide a basis for potential cost-burden and cost-
benefit analysis of influenza immunization among different risk
groups in the country.
2. Methods

2.1. Selection of potential target risk groups for influenza
immunization

Following the WHO recommendations [5], we selected the
potential target risk groups for influenza immunization based on
increased risk for influenza-associated severe illness, including
deaths, namely:
(i) Children aged 6–59 months [10–15], including individuals
with HIV, pulmonary tuberculosis (PTB) and certain underly-
ing medical conditions associated with increased risk of
influenza-associated severe illness and prevalent in South
Africa [10,22] (UMC - including chronic lung, kidney, liver
or heart diseases, diabetes mellitus, and asthma). Malnutri-
tion and prematurity were considered as UMC only in this
group [10].

(ii) Individuals aged 5–64 years with HIV [10–14,16], and/or PTB
[11,18–20] and/or certain UMC as listed above [10,11,14]
together, excluding pregnant women. In this groups we
accounted for potential co-infections and co-morbidities in
the same individual. We also considered any individual aged
5–64 years with HIV, PTB or UMC separately. The latter
groups are not mutually exclusive as, for instance, individu-
als with HIV can also be co-infected with PTB or having other
UMC.

(iii) Individuals aged �65 years [10–12,14,16], including individ-
uals with HIV, PTB and other UMC as listed above.

(iv) Pregnant women [10,17], including individuals with HIV,
PTB and other UMC.

In addition, we considered any individual aged �6 months with
HIV and/or PTB and/or UMC together accounting for potential co-
infections and co-morbidities in the same individual. This group
is a subset of the groups described above. We also considered
any individual aged �6 months with HIV, PTB or UMC separately.
The latter groups are not mutually exclusive as commented above.

Furthermore, we considered infants aged <6 months separately
because, although there are no influenza vaccines licensed for this
group, they experience an elevated risk of influenza-associated
severe illness [23] and can be protected through the vaccination
of their mothers during pregnancy [24,25]. We considered individ-
uals not in risk groups those aged 5–64 years without HIV, PTB and
other UMC as defined above and not pregnant.
2.2. Definitions

For this study we defined the severity of influenza-associated
illness in 3 levels as follows: (i) mild: not warranting hospitaliza-
tion; (ii) severe-non-fatal: warranting hospitalization, excluding
deaths; and (iii) deaths. We considered healthcare attendance of
influenza-associated illness in two categories: (i) medically
attended: attended by a registered medical care provider/institu-
tion excluding pharmacies; and (ii) non-medically attended: not
attended by a registered medical care provider/institution, but
including pharmacies and traditional healers.
2.3. Data sources

2.3.1. Data source 1 (DS1): Population denominators for selected
potential target risk groups for influenza immunization

a. Individuals aged <1, <5, 5–64 and �65 years

We obtained year-specific mid-year population denominators
for individuals aged <1, <5, 5–64 and �65 years from projections
of 2011 census data for South Africa [26–28]. South Africa had an
estimated population of 54,860,530 individuals in 2015.

b. Pregnant women

We obtained year-specific mid-year estimates for number of
pregnant women from the projection of the THEMBISA Model, an
AIDS and demographic prediction model for South Africa [29].
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c. HIV-infected individuals

We obtained year-specific mid-year estimates of the number of
HIV-infected individuals among individuals aged <1, <5, 5–64 and
�65 years and pregnant women from the projection of the THEM-
BISA Model [29].

d. Individuals with pulmonary tuberculosis

We obtained estimates of the number of individuals with PTB
from published literature from South Africa [30].

e. Individuals with underlying medical conditions

We obtained estimates of the prevalence of the UMC considered
among individuals aged <1, <5, 5–64 and �65 years from the 2012
South African National Health and Nutrition Examination Survey,
which collects information on different UMC through
community-based surveys [22].
2.3.2. Data source 2 (DS2): National estimates of influenza-associated
illness by severity and medical attendance

We obtained national estimates of any influenza-associated ill-
ness (irrespective of risk groups) for South Africa during 2013–
2015 from published literature [8]. These included estimates of
any medically- and non-medically-attended influenza-associated
mild, severe-non-fatal and fatal illness among individuals aged
<1, <5, 5–64 and �65 years. The estimated mean annual number
of influenza-associated illness episodes for all age groups was
10,737,847 (rate: 19,849.4 per 100,000 population). Of these epi-
sodes, 10,598,138 (98.7%; rate: 19,591.1 per 100,000 population),
128,173 (1.2%; rate: 236.9 per 100,000 population) and 11,536
(0.1%; rate: 21.3 per 100,000 population) were mild, severe-non-
fatal, and fatal, respectively. We also obtained national estimates
of medically- and non-medically-attended influenza-associated ill-
ness among individuals meeting the World Health Organization
(WHO) case definition of influenza-like illness (ILI - for mild
illness) and severe acute respiratory illness (SARI - for severe-
non-fatal and fatal illness) only from the same source [8]. This con-
stitutes a subset of any influenza-associated illness [8].
2.3.3. Data source 3 (DS3): Influenza surveillance among individuals
hospitalized with severe acute respiratory illness

We obtained data on the prevalence of HIV, PTB and UMC co-
infections and co-morbidities among patients aged <1, <5, 5–64
and �65 years hospitalized with influenza-associated severe acute
respiratory illness (SARI) from laboratory-confirmed influenza
surveillance conducted at seven hospitals situated in four pro-
vinces of South Africa (Gauteng, KwaZulu-Natal, North West, and
Mpumalanga) during 2013–2015. The procedures of this surveil-
lance program have been previously described [10–14,19,20].
Briefly, trained surveillance nurses completed case report forms
that included demographic, clinical, and epidemiological informa-
tion (including presence of UMC) for all enrolled cases. In-hospital
deaths were also recorded. In addition, upper respiratory tract
specimens were collected from all enrolled patients and tested
for influenza viruses at the National Institute for Communicable
Diseases (NICD), Johannesburg, South Africa using a real-time
reverse transcription polymerase chain reaction assay
[10–14,19,20]. HIV results were obtained from a combination of
two sources: (i) patient clinical records when available and (ii)
for consenting patients, a dried blood spot was tested at NICD.
Sputa were systematically collected and tested for the detection
of Mycobacterium tuberculosis [10,19,20]. A laboratory-confirmed
tuberculosis case was defined as an individual with a positive
result for M. tuberculosis on microscopy, culture, or PCR from the
current hospital admission.

2.4. Estimation of the number of individuals in the general population
within selected potential target groups for influenza immunization

We estimated the number of individuals within the selected
potential target groups for influenza immunization in the general
population using DS1.a to DS1.e. Because co-infections and co-
morbidities with HIV, PTB, and UMCmay occur in the same individ-
ual irrespective of age and pregnancy status we also estimated the
number of individuals with such co-infections and co-morbidities.
We considered the following categories: (i) HIV, PTB, or UMC only;
(ii) HIV-PTB, HIV-UMC or PTB-UMC; and (iii) HIV-PTB-UMC. The
detailed estimation approach for each risk group, including occur-
ring co-infections and co-morbidities, is provided in Supplementary
Material.

2.5. Estimation of the number of any influenza-associated mild illness
episodes within selected potential target groups for influenza
immunization

We obtained the total number of medically- and non-medically
attended influenza-associated mild illness episodes by age group
from available estimates from South Africa (DS2) [8]. For
influenza-associated mild illness we first assumed the same preva-
lence of HIV, PTB, UMC (including co-infections and co-morbidities,
referred as either HIV and PTB or HIV and UMC or PTB and UMC or
HIV and PTB and UMC hereafter) and pregnancy as those estimated
in the general population (as obtained above) and then discounted
by the estimated number of cases that developed severe illness as
previously described [31]. We also assumed the same proportion of
individuals with influenza-associated mild illness and HIV, PTB,
UMC or pregnancy among medically- and non-medically attended
illness episodes.

2.6. Estimation of the number of any influenza-associated severe-non-
fatal illness episodes within selected potential target groups for
influenza immunization

We obtained the total number of medically- and non-medically
attended influenza-associated severe-non-fatal illness episodes by
age group from available estimates from South Africa (DS2) [8]. We
estimated the number of individuals with influenza-associated
severe illness and HIV, PTB or UMC using the following formula
[32]:

Infli;j ¼
1

Popi;n�j

RRj�Popi;j
þ 1

� �
� 1

InflTotali

ð1Þ

Where:

� Infli;j is the number of individuals with influenza-associated sev-
ere illness in age group i (i.e., <6 months, 6–59 months, 5–
64 years and �65 years) and with condition j (i.e., HIV, PTB or
UMC).

� Popi;j is the number of individuals in the general population in
age group i and with condition j.

� Popi;n�j is the number of individuals in the general population in
age group i and without condition j.

� RRj is the relative risk for influenza-associated severe illness for
condition j obtained from published literature from South Africa
[10,11,12].

� InflTotali is the number of influenza-associated severe illnesses in
age group i obtained from DS2.



Table 1
Estimated mean annual number of individuals within potential target risk groups for
influenza immunization in South Africa, 2013–2015.

Risk groups Number % of total
individuals in
risk groups

% of total
population

Children aged 6–59 monthsa 5,203,824 21.2 9.6
Individuals aged 5–64 years with

HIV and/or PTB and/or UMC
(excluding pregnant women)b

15,425,229 62.8 28.5

HIV 6,429,939 26.2 11.9
PTB 332,656 1.4 0.6
UMC 11,525,445 46.9 21.3
Individuals aged �65 yearsa 3,014,877 12.3 5.6
Pregnant womena 925,398 3.8 1.7
Individuals aged �6 months

with HIV and/or PTB and/or
UMC (including pregnant
women)b

18,099,040 73.7 33.5

HIV 6,766,575 27.5 12.5
PTB 357,348 1.5 0.7
UMC 13,997,956 57.0 25.9
Totalc 24,569,328 100.0 45.4

Abbreviations: HIV: human immunodeficiency virus; PTB: pulmonary tuberculosis;
UMC: underlying medical conditions, including chronic lung, kidney, liver or car-
diac disease, diabetes mellitus, and asthma as well as malnutrition and prematurity
only among children aged <5 years.

a Includes individuals with HIV and/or PTB and/or UMC.
b The HIV, PTB and UMC categories are not mutually exclusive (e.g. the HIV

category includes any individual with HIV within the specified age group, including
individuals with tuberculosis co-infection and/or underlying medical conditions).

c The total number of individuals in the selected risk groups accounts for co-
infection and co-morbidities. It is calculated as the sum of the following: (i) children
aged 6–59 months; (ii) individuals aged 5–64 years (excluding pregnant women)
with HIV and/or PTB and/or UMC; (iii) individuals aged �65 years; and (iv) preg-
nant women.
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Thereafter, we estimated the number of individuals with HIV,
PTB or UMC co-infections/co-morbidities using the prevalence of
co-infections/co-morbidities observed among patients hospitalized
with influenza-associated severe illness (DS3).

For pregnant women, we used the same approach described
above among women of childbearing age (i.e., 15–49 years). The
RR for influenza-associated severe illness among pregnant women
was obtained from published literature [33].

We assumed the same proportion of individuals with influenza-
associated severe illness and HIV, PTB, UMC, or pregnancy among
medically- and non-medically-attended illness episodes.

2.7. Estimation of the number of any influenza-associated deaths
within selected potential target groups for influenza immunization

We obtained the total number of in- and out-of-hospital
influenza-associated deaths by age groups from available estimates
from South Africa (DS2) [8]. We estimated the number of influenza-
associateddeaths among individualswithHIVor PTBusing the same
formula as for severe illness (Eq. (1)) with the following modifica-
tions: (i) we used the total number of influenza-associated deaths,
instead of influenza-associated severe illness; and (ii) we used esti-
mates of the RR for influenza-associated deaths, instead of severe ill-
ness from available literature from South Africa [15,16,18].

For pregnant women, we used the same approach described
above among women of childbearing age (i.e., 15–49 years). The
RR for influenza-associated death among pregnant women was
obtained from published literature from South Africa [17].

We estimated the number of influenza-associated deaths
among individuals with UMC using Eq. (1) with the following mod-
ifications: (i) we used the number of individuals with and without
UMC among influenza-associated severe illness episodes (obtained
as described above) instead of among the general population; and
(ii) we used the RR of influenza-associated death for UMC among
influenza-associated severe cases obtained from published litera-
ture from South Africa [14]. We used this approach because we
did not have local estimates of the RR of influenza-associated
deaths among individuals with UMC in the general population.

Thereafter, we estimated the number of individuals with HIV,
PTB or UMC co-infections/co-morbidities using the prevalence of
co-infections/co-morbidities observed among patients hospitalized
with influenza-associated severe illness that died (DS3).

We assumed that the same proportions of influenza-associated
deaths occurred among individuals with HIV, PTB, UMC or preg-
nant among deaths that occurred in or out of the hospital.

2.8. Estimation of the number of influenza-associated mild, severe-
non-fatal and fatal illness episodes among individuals meeting the
WHO ILI and SARI case definitions within selected potential target
groups for influenza immunization

We obtained the total number of medically- and non-
medically-attended influenza-associated illness episodes among
individuals meeting the WHO ILI (mild illness) and SARI (severe-
non-fatal and fatal illness) case definitions [34] by age groups from
available estimates from South Africa (DS2) [8]. We used the same
estimation approach among this group of individuals as for those
with any influenza-associated illness as described above. This anal-
ysis was implemented to obtain estimates within syndromes (ILI or
SARI) widely used for the estimation of influenza disease burden in
Africa [35–41], including South Africa [12,13].

2.9. Estimation of rates and confidence intervals

We estimated rates of influenza-associated illness among the
target risk groups by dividing the estimated number of illness
episodes within each group by the population at risk. We
expressed rates per 100,000 population. We used Monte Carlo
simulations over 1,000 iterations to account for the variability asso-
ciated with estimates of total influenza-associated mild, severe-
non-fatal and fatal illness (DS2) [8], and RRs associated with severe
illness or death for each risk group requiring RR adjustment (i.e. HIV,
PTB, UMC, and pregnancy). All analyses were conducted using Stata
version 14.2 (StataCorp, College Station, Texas, USA).

3. Results

3.1. Estimated mean annual number of individuals in the general
population within selected potential target groups for influenza
immunization

Individuals in the target risk groups accounted for 45.4%
(24,569,328/54,086,144) of the population (Table 1 and Fig. 1).
Within the selected risk groups, individuals aged 5–64 years
with UMC accounted for the highest number of individuals
(46.9%; 11,525,445/24,569,328) (Table 1 and Fig. 1). Among indi-
viduals aged �6 months with HIV, PTB or UMC, 16.2%
(2,937,742/18,099,040) had more than one co-infection or
co-morbidity (e.g. HIV and another UMC). The number and
proportion of individuals with HIV/PTB/UMC co-infections and
co-morbidities are provided in Fig. 1 and Table S13.

3.2. Estimated mean annual number of influenza-associated mild
illness episodes within selected potential target groups for influenza
immunization

Individuals in the target risk groups accounted for 43.5%
(4,614,763/10,598,138) of any influenza-associated mild illness
episodes (Table 2 and Fig. 2). Within the selected risk groups,



Fig. 1. Estimated mean annual number of individuals within potential target risk groups for influenza immunization (including coinfections with HIV and PTB and co-
morbidities) in South Africa, 2013–2015. Each circle’s size is proportional to the number of individuals it represent. Inner circles represent a subpopulation of the outer circle.
Overlapping circles represent co-infection and co-morbidities (e.g. HIV and another condition such as PTB and/or other UMC).
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individuals aged 5–64 years with UMC accounted for the highest
number of influenza-associated mild illness episodes (50.9%;
2,347,300/4,614,763) (Table 2),whereas children aged6–59months
experienced the highest rate (23,983 per 100,000 population).
Among individuals with influenza-associated mild illness aged
�6 months with HIV, PTB or UMC, 17.3% (583,899/3,383,536) had
more than one co-infection/co-morbidity of the above conditions.
The number and proportion of any influenza-associatedmild illness
episodes among individuals with HIV/PTB/UMC co-infections and
co-morbidities are provided in Table S14. The number and rates
of any medically- and non-medically-attended influenza-
associated mild illness episodes in the selected risk groups are pro-
vided in Table S1; whereas those among individuals meeting the
WHO ILI case definition are provided in Tables S5 and S6.

3.3. Estimated mean annual number of influenza-associated severe-
non-fatal illness episodes within selected potential target groups for
influenza immunization

Individuals in the target risk groups accounted for 86.8%
(111,245/128,173) of any influenza-associated severe-non-fatal ill-
ness episodes (Table 3 and Fig. 2). Within the selected risk groups,
individuals aged 5–64 years with HIV accounted for the highest
number of influenza-associated severe-non-fatal illness episodes
(39.8%; 44,305/111,245) (Table 3), whereas pregnant women expe-
rienced the highest rate (970 per 100,000 population). Among indi-
viduals with influenza-associated severe-non-fatal illness aged
�6 months with HIV, PTB or UMC, 33.5% (28,464/84,973) had more
than one co-infection/co-morbidity of the above conditions. The
number and proportion of any influenza-associated severe-non-
fatal illness episodes among individuals with HIV/PTB/UMC co-
infections and co-morbidities are provided in Table S15. The num-
ber and rates of any medically- and non-medically-attended
influenza-associated severe-non-fatal illness episodes in the
selected risk groups are provided in Table S2; whereas those
among individuals meeting the WHO SARI case definition are pro-
vided in Tables S7 and S8.

3.4. Estimated mean annual number of influenza-associated deaths
within selected potential target groups for influenza immunization

Individuals in the target risk groups accounted for 94.5%
(10,903/11,266) of any influenza-associated deaths (Table 4 and
Fig. 2). Within the selected risk groups, individuals aged 5–64 years



Table 2
Estimated mean annual rates and number of total (medically and non-medically-attended) influenza-associated mild illness (any) among potential target risk groups for influenza
immunization in South Africa, 2013–2015.

Risk group Rate (95% CI) Number (95% CI) % of total illness
in risk groups

% of total illnessa

Children aged 6–59 monthsb 23,983 (17,268–30,698) 1,248,027 (898,579–1,597,475) 27.0 11.8
Individuals aged 5–64 years with HIV and/or

PTB and/or UMC (excluding pregnant women)c
20,366 (16,089–24,643) 3,141,540 (2,481,817–3,801,263) 68.1 29.6

HIV 20,366 (15,275–25,458) 1,309,537 (982,153–1,636,921) 28.4 12.4
PTB 20,366 (12,627–28,106) 67,750 (42,005–93,495) 1.5 0.6
UMC 20,366 (15,071–25,661) 2,347,300 (1,737,002–2,957,598) 50.9 22.1
Individuals aged �65 yearsb 2,709 (1,108–4,291) 81,667 (33,398–129,381) 1.8 0.8
Pregnant womenb 15,510 (11,322–19,698) 143,529 (104,776–182,282) 3.1 1.4
Individuals aged �6 months with HIV and/or

PTB and/or UMC (including pregnant women)c
18,695 (15,143–22,247) 3,383,536 (2,740,664–4,026,408) 73.3 31.9

HIV 20,104 (15,882–24,326) 1,360,334 (1,074,664–1,646,004) 29.5 12.8
PTB 19,627 (13,346–25,907) 70,135 (47,692–92,578) 1.5 0.7
UMC 18,246 (13,867–22,625) 2,554,114 (1,941,127–3,167,101) 55.3 24.1
Totald 18,783 (14,321–23,242) 4,614,763 (3,518,570–5,710,401) 100.0 43.5

Abbreviations: HIV: human immunodeficiency virus; PTB: pulmonary tuberculosis; UMC: underlying medical conditions, including chronic lung, kidney, liver or cardiac
disease, diabetes mellitus, and asthma as well as malnutrition and prematurity only among children aged <5 years; CI: confidence intervals.
Rates reported per 100,000 person year.

a Total influenza-associated mild illness (10,598,138) obtained from Tempia et al. [8].
b Includes individuals with HIV and/or PTB and/or UMC.
c The HIV, PTB and UMC categories are not mutually exclusive (e.g. the HIV category includes any individual with HIV within the specified age group, including individuals

with tuberculosis co-infection and/or underlying medical conditions).
d The total number of individuals in the selected risk groups accounts for co-infection and co-morbidities. It is calculated as the sum of the following: (i) children aged

6–59 months; (ii) individuals aged 5–64 years (excluding pregnant women) with HIV and/or PTB and/or UMC; (iii) individuals aged �65 years; and (iv) pregnant women.

Fig. 2. Estimated mean annual number of total influenza-associated mild, severe-non-fatal and fatal illness (irrespective of risk groups) and illness among potential target
risk groups for influenza immunization in South Africa, 2013–2015. Total illness estimates obtained from Tempia et al. [8]. The circles’ size is proportional to the number of
influenza-associated illness cases.
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with HIV accounted for the highest number of influenza-associated
deaths (47.5%; 5,184/10,903) (Table 4); whereas individuals aged
�65 years experienced the highest rate (138 per 100,000 popula-
tion). Among individuals with influenza-associated fatal illness
aged �6 months with HIV or PTB or UMC, 46.0% (4,076/8,864)
had more than one co-infection/co-morbidity of the above condi-
tions. The number and proportion of any influenza-associated
deaths among individuals with HIV/PTB/UMC co-infections and



Table 3
Estimated mean annual rates and number of total (medically and non-medically-attended) influenza-associated severe-non-fatal illness (any) among potential target risk groups
for influenza immunization in South Africa, 2013–2015.

Risk group Rate (95% CI) Number (95% CI) % of total illness
in risk groups

% of total illnessa

Children aged 6–59 monthsb 508 (366–650) 26,429 (19,029–33,829) 23.8 20.6
Individuals aged 5–64 years with HIV and/or

PTB and/or UMC (excluding pregnant women)c
343 (271–415) 52,875 (41,771–63,979) 47.5 41.3

HIV 689 (517–861) 44,305 (33,229–55,381) 39.8 34.6
PTB 825 (511–1,138) 2,743 (1,701–3,785) 2.5 2.1
UMC 261 (193–329) 30,126 (22,293–37,959) 27.1 23.5
Individuals aged �65 yearsb 762 (324–1,356) 22,966 (9,773–40,887) 20.6 17.9
Pregnant womenb 970 (708–1,232) 8,975 (6,552–11,398) 8.1 7.0
Individuals aged �6 months with HIV and/or

PTB and/or UMC (including pregnant women)c
469 (380–559) 84,972 (68,827–101,117) 76.4 66.3

HIV 784 (619–949) 53,043 (41,904–64,182) 47.7 41.4
PTB 1,117 (759–1,474) 3,990 (2,713–5,267) 3.6 3.1
UMC 412 (313–511) 57,702 (43,854–71,550) 51.9 45.0
Totald 453 (314–611) 111,245 (77,125–150,093) 100.0 86.8

Abbreviations: HIV: human immunodeficiency virus; PTB: pulmonary tuberculosis; UMC: underlying medical conditions, including chronic lung, kidney, liver or cardiac
disease, diabetes mellitus, and asthma as well as malnutrition and prematurity only among children aged <5 years; CI: confidence intervals.
Rates reported per 100,000 person year.

a Total influenza-associated severe-non-fatal illness (128,173) obtained from Tempia et al. [8].
b Includes individuals with HIV and/or PTB and/or UMC.
c The HIV, PTB and UMC categories are not mutually exclusive (e.g. the HIV category includes any individual with HIV within the specified age group, including individuals

with tuberculosis co-infection and/or underlying medical conditions).
d The total number of individuals in the selected risk groups accounts for co-infection and co-morbidities. It is calculated as the sum of the following: (i) children aged

6–59 months; (ii) individuals aged 5–64 years (excluding pregnant women) with HIV and/or PTB and/or UMC; (iii) individuals aged �65 years; and (iv) pregnant women.
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co-morbidities are provided in Table S16. The number and rates of
any medically- and non-medically-attended influenza-associated
deaths in the selected risk groups are provided in Table S3;
whereas those among individuals meeting the WHO SARI case def-
initions are provided in Tables S9 and S10.

3.5. Estimated mean annual number of influenza-associated illnesses
among infants aged <6 months and non-pregnant individuals aged
5–64 year without HIV, PTB or UMC (non-risk group)

During 2013–2015, infants aged <6 months accounted for 1.5%
(155,484/10,598,138), 5.4% (6,923/128,173) and 3.1% (362/11,266)
of influenza-associated mild, severe-non-fatal and fatal illness
episodes, respectively (Table 5). Individuals not in risk groups
accounted for 55.0% (5,827,891/10,598,138), 7.8% (10,004/
128,173) and 2.3% (270/11,266) of influenza-associated mild,
severe-non-fatal and fatal illness episodes, respectively (Table 5).
The number and rates of any medically- and non-medically-
attended influenza-associated illness in these groups are provided
in Table S4; whereas those among individuals meeting the WHO
ILI or SARI case definitions are provided in Tables S11 and S12.
The number and proportion of any influenza-associated illness
episodes among infants with HIV/PTB/UMC co-infections and
co-morbidities are provided in Table S17.

4. Discussion

During 2013–2015 an estimated 45.4% (24.6 million people) of
the South African population were in the target risk groups we
defined for influenza immunization. This proportion was similar
(43.5%) among individuals with influenza-associated mild illness.
In comparison, individuals in risk groups accounted for the major-
ity of influenza-associated severe-non-fatal (86.8%) and fatal
(94.5%) illness. In a study conducted in the USA, the prevalence
of individuals at increased risk for influenza-associated severe ill-
ness also increased across levels of severity, but was lower than
in our study: 23.5%, 49.7%, and 92.7% among individuals with
influenza-associated mild, severe-non-fatal and fatal illness,
respectively [31]. However, in the US study individuals at risk were
considered those with Advisory Committee on Immunization
Practices-identified high-risk conditions, which excluded young
children and older adults without such conditions as at-risk indi-
viduals. In addition, a higher burden of HIV and PTB is experienced
in South Africa compared to the USA. These two factors could
potentially explain the observed differences.

An increased risk of influenza-associated severe illness among
the risk groups considered in this study has previously been
reported in South Africa [10–20]. However, the proportional con-
tribution of such individuals to total influenza-associated illness
had not been described in the country prior to this study. Com-
pared to the other risk groups considered in this study, individuals
aged 5–64 years with UMC accounted for the highest proportion of
individuals in the general population (21.3%) and among those
with influenza-associated mild illness (22.1%). Individuals aged
5–64 years with HIV accounted for the highest proportion of indi-
viduals with severe-non-fatal (34.6%) and fatal (44.9%) illness,
respectively. The proportional contribution of a risk group on
influenza-associated severe illness is related to the prevalence of
the specific risk groups in the population and its relative risk/rate
associated with severe illness.

For prioritization of interventions, differences in the relative
risk/rate associated with severe disease or the proportional contri-
bution to total illness can be considered. This would depend on the
aim of the intervention. If the goal of an interventions, such as vac-
cination, is to maximize the number of deaths prevented per dose
of vaccine utilized, the programwould target groups with the high-
est mortality rates; whereas if the goal is to prevent the highest
number of deaths irrespective of the number of doses utilized,
the program would target groups with the highest proportional
contribution to total deaths. For instance, in our study the highest
rates of influenza-associated deaths were among individuals aged
�65 years (138 per 100,000 population and 36.1% of total deaths);
whereas the highest proportion of deaths (44.9% and rate 81 per
100,000 population) were among individuals aged 5–64 years with
HIV. This would identify different target groups based on the aim
of the intervention.



Table 4
Estimated mean annual rates and number of total (in- and out-of-hospital) influenza-associated deaths (any) among potential target risk groups for influenza immunization in
South Africa, 2013–2015.

Risk group Rate (95% CI) Number (95% CI) % of total deaths in risk groups % of total deathsa

Children aged 6–59 monthsb 17 (12–21) 868 (625–1,111) 8.0 7.5
Individuals aged 5–64 years with HIV and/or PTB

and/or UMC (excluding pregnant women)c
37 (29–45) 5,727 (4,524–6,930) 52.5 49.6

HIV 81 (60–101) 5,184 (3,888–6,480) 47.5 44.9
PTB 136 (84–188) 454 (281–627) 4.2 3.9
UMC 28 (21–36) 3,252 (2,406–4,098) 29.8 28.2
Individuals aged �65 yearsb 138 (57–249) 4,159 (1,709–7,498) 38.1 36.1
Pregnant womenb 16 (12–20) 149 (109–189) 1.4 1.3
Individuals aged �6 months with HIV and/or PTB

and/or UMC (including pregnant women)c
49 (40–58) 8,864 (7180–10548) 81.3 76.8

HIV 96 (76–116) 6,474 (5,114–7,834) 59.4 56.1
PTB 150 (102–198) 535 (364–706) 4.9 4.6
UMC 44 (33–54) 6,143 (4,669–7617) 56.3 53.3
Totald 44 (28–64) 10,903 (6,967–15,728) 100.0 94.5

Abbreviations: HIV: human immunodeficiency virus; PTB: pulmonary tuberculosis; UMC: underlying medical conditions, including chronic lung, kidney, liver or cardiac
disease, diabetes mellitus, and asthma as well as malnutrition and prematurity only among children aged <5 years; CI: confidence intervals.
Rates reported per 100,000 person year.

a Total influenza-associated deaths (11,536) obtained from Tempia et al. [8].
b Includes individuals with HIV and/or PTB and/or UMC.
c The HIV, PTB and UMC categories are not mutually exclusive (e.g. the HIV category includes any individual with HIV within the specified age group, including individuals

with tuberculosis co-infection and/or underlying medical conditions).
d The total number of individuals in the selected risk groups accounts for co-infection and co-morbidities. It is calculated as the sum of the following: (i) children aged

6–59 months; (ii) individuals aged 5–64 years (excluding pregnant women) with HIV and/or PTB and/or UMC; (iii) individuals aged �65 years; and (iv) pregnant women.

Table 5
Estimated mean annual rate and number of any influenza-associated illness among
infants aged <6 months and individuals aged 5–64 years without HIV, pulmonary
tuberculosis (PTB) or other underlying medical conditions in South Africa, 2013–2015.

Category Rate (95% CI) Number (95% CI) % of
total

Infants aged <6 months
Population N/A 592,660 1.5
Influenza-associated mild

illness
26,235
(17,840–
34,630)

155,484 (105,729–
205,239)

1.5

Influenza-associated
severe-non-fatal illness

1,168 (794–
1,542)

6,923 (4708–9138) 5.4

Influenza-associated death 61 (42–81) 362 (246–478) 3.1
Individuals aged 5–64 years without HIV, PTB or UMC (excluding pregnant

women)
Population N/A 28,924,156 53.1
Influenza-associated mild

illness
20,149
(14,709–
25,589)

5,827,891
(4,254,360–
7,401,422)

55.0

Influenza-associated
severe-non-fatal illness

35 (25–44) 10,004 (7,303–
12,705)

7.8

Influenza-associated death 0.9 (0.7–1.2) 270 (197–343) 2.3

Abbreviations: CI: confidence intervals.
Rates reported per 100,000 person year.

S. Tempia et al. / Vaccine 38 (2020) 4288–4297 4295
Thus far, an approach that targets risk groups with the highest
rates of influenza-associated severe illness (i.e. HIV-infected adults
and pregnant women) has been undertaken in South Africa [6,21]
as it would maximize the health benefits per dose of vaccine used.
The estimates of influenza-associated severe illness provided in
this study among these two risk groups support this decision.
Nonetheless, other factors such as the feasibility of vaccinating
the selected risk groups as well as the influenza vaccine effective-
ness in the target populations should be considered in the selection
process [21]. In addition, in South Africa no considerations were
made on the effect of vaccination on mild illness in the selected
risk groups. The influenza virus attack rate and associated mild ill-
ness is known to vary across age groups [12,40,41] and this was
also observed in our study. Such information can further assist
with prioritization of risk groups within a cost-effectiveness
framework.
Whereas the disease burden among risk groups accounts for the
majority of influenza-associated severe-non-fatal (86.8%) and fatal
(94.5%) illness, there is a considerable number of individuals in the
risk groups that are only mildly affected. The estimated mean
annual cost of medically attended influenza-associated mild illness
irrespective of risk groups in South Africa was $107 million;
whereas those of medically attended influenza-associated severe
illness (i.e. hospitalization) was $47 million [9]. This highlights
the importance of medically attended mild illness in our setting.

In our study, we estimated that among individuals with
influenza-associated illness aged �6 months with HIV or PTB or
UMC the proportion that had more than one co-infection/co-
morbidity increased with the level of severity: 17.3%, 33.5%, and
46.0% among individuals with influenza-associated mild, severe-
non-fatal, and fatal illness, respectively. This suggests that individ-
uals with more than one co-infection/co-morbidity may have an
increased risk of influenza-associated severe illness compared to
individuals having HIV or PTB or UMC only.

Our study has limitations that warrant discussion. First, we did
not have estimates of differential likelihood of developing
influenza-associated mild illness following influenza virus infec-
tion among individuals with HIV, PTB or UMC compared to individ-
uals without such conditions. Therefore, we parametrized the rates
of influenza-associated mild illness in these groups to be the same
as those in the general population within the selected age groups.
Second, we did not have estimates of differential propensity to
seek care among individuals with influenza-associated mild or sev-
ere illness with HIV or PTB or UMC compared to individuals with-
out such conditions. If individuals with such conditions would be
more likely to seek care compared to individuals without the con-
dition, then we would have underestimated the proportion of
medically-attended illness in these groups. From a health system
perspective non-medically attended illness would have no impact
within a cost-effectiveness framework; however, such illnesses
could be of importance from a societal perspective. It is estimated
that approximately 74% and 56% of influenza-associated mild and
severe illness, respectively is non-medically attended in South
Africa [8], and the mean annual cost for such illnesses was $115
million [9]. This highlights the importance of non-medically
attended illness in our setting. Underestimating medically
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attended and overestimating non-medically attended illness in
certain populations would result in minimum estimates of such
risk groups within a cost-effectiveness framework. Lastly, we were
not powered to estimate the influenza-associated burden among
person with different underlaying medical conditions such as
chronic lung, heart and kidney diseases or diabetes, separately.
This may further improve the prioritization of risk groups for influ-
enza immunization if differences on the burden of influenza-
associated illness are identified among individuals with different
underlaying medical conditions.

5. Conclusions

In conclusion, individuals in the selected risk groups accounted
for the majority of influenza-associated severe-non-fatal and fatal
illness, with individuals aged 5–64 years with HIV accounting for
the largest proportion of such illnesses. However, a considerable
number of influenza-associated mild illness was also estimated
among the selected risk groups. Annual influenza immunization
of the selected risk groups has the potential to prevent a substan-
tial number of influenza-associated severe illness. Nonetheless,
due to competing health priorities and the high number of individ-
uals in the risk groups (24.5 million, 45.4% of the general popula-
tion), it is unlikely that the South African Government will be
able to provide annual influenza immunization coverage for all risk
groups in the near future.

This study supports the WHO recommendations pertaining vac-
cination of groups at increased risk of influenza-associated severe
illness [5]. In addition, this study provides a framework and a ref-
erence for further prioritization among risk groups based on dis-
ease burden and the basis for future cost-burden and cost-
effectiveness analyses of influenza immunization among different
risk groups in South Africa. These future studies will assist in fur-
ther prioritizing influenza immunization among risk groups and
potentially lead to increased vaccination coverage, should influ-
enza immunization be found cost-effective in selected populations.
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