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Abstract

Background.—Burden estimates of medically and nonmedically attended influenza-associated 

illness across syndromes and levels of severity are lacking.

Methods.—We estimated the national burden of medically and nonmedically attended influenza-

associated illness among individuals with different clinical presentations (all-respiratory, all-

circulatory, and nonrespiratory/noncirculatory) and levels of severity (mild, fatal, and severe, 

nonfatal) using a combination of case-based (from laboratory-confirmed influenza surveillance) 

and ecological studies, as well as data from healthcare utilization surveys in South Africa during 

2013–2015. In addition, we compared estimates of medically attended influenza-associated 

respiratory illness, obtained from case-based and ecological studies. Rates were reported per 100 

000 individuals in the population.

Results.—The estimated mean annual number of influenza-associated illness episodes was 10 

737 847 (19.8% of 54 096 705 inhabitants). Of these episodes, 10 598 138 (98.7%) were mild, 128 

173 (1.2%) were severe, nonfatal, and 11 536 (0.1%) were fatal. There were 2 718 140 (25.6%) 

mild, 56 226 (43.9%) severe, nonfatal, and 4945 (42.8%) medically attended should be after fatal 

episodes. Influenza-associated respiratory illness accounted for 99.2% (10 576 146) of any mild, 

65.5% (83 941) of any severe, nonfatal, and 33.7% (3893) of any fatal illnesses. Ecological and 

case-based estimates of medically attended, influenza-associated, respiratory mild (rates: 

ecological, 1778.8, vs case-based, 1703.3; difference, 4.4%), severe, nonfatal (rates: ecological, 

88.6, vs case-based, 75.3; difference, 15.0%), and fatal (rates: ecological, 3.8, vs case-based, 3.5; 

difference, 8.4%) illnesses were similar.

Conclusions.—There was a substantial burden of influenza-associated symptomatic illness, 

including severe, nonfatal and fatal illnesses, and a large proportion was nonmedically attended. 

Estimates, including only influenza-associated respiratory illness, substantially underestimated 

influenza-associated, severe, nonfatal and fatal illnesses. Ecological and case-based estimates were 

found to be similar for the compared categories.
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The World Health Organization (WHO) has highlighted the need for influenza disease-

burden estimates from low- and middle-income countries. Such estimates would enable 

governments to make informed, evidence-based decisions when allocating scarce resources 

and planning intervention strategies to limit the impact and spread of influenza viruses [1]. 

Nevertheless, the estimation of the comprehensive, influenza-associated disease burden 

remains challenging, because influenza virus infections may result in a range of clinical 

illness presentations, including different levels of severity, and not all episodes may be 

medically attended.

Whereas estimates of influenza-associated mortality have been generated mainly from 

ecological studies [2–7], the majority of estimates of influenza-associated hospitalizations 

and outpatient consultations have been obtained from laboratory-confirmed influenza 

surveillance, conducted at sentinel healthcare facilities [8–18].

Ecological studies have proven valuable to estimate the burden of influenza-associated 

illness among patients with syndromes that are typically not included in virological 

surveillance for influenza (ie, circulatory or nonrespiratory/noncirculatory syndromes) [2–5, 

19]. Nonetheless, ecological studies depend on the availability of time series of deaths, 

hospitalizations, or outpatient consultations at the national level or from well-defined 

populations, as well as virological surveillance data over the same period. In addition, 

estimates derived from ecological studies are not from laboratory-confirmed cases, 

potentially raising concern about the inappropriate attribution of observed illness episodes to 

influenza.

Burden estimates obtained from virological, case-based influenza surveillance have the 

advantage of laboratory confirmation of cases. Nonetheless, virological influenza 

surveillance is typically implemented at selected healthcare facilities [8, 10, 11], making it 

difficult to infer the burden at a national level or to estimate the burden for the more severe 

spectrum of illness (ie, deaths) because of the paucity of such events at a limited number of 

surveillance sites. In addition, in accordance with WHO recommendations [20], virological 

influenza surveillance is typically conducted among patients presenting with respiratory 

illnesses [8–17], hampering the ability to obtain burden estimates among patients with 

nonrespiratory clinical presentation.

Furthermore, burden estimates (either from ecological or case-based studies) obtained from 

data gathered at healthcare facilities do not capture influenza-associated disease events that 

are not medically attended.

In this study, we aimed to estimate the national burden of medically and nonmedically 

attended influenza-associated illness among patients with different clinical presentations and 

levels of severity, using a combination of case-based and ecological studies, as well as data 

from healthcare utilization surveys (HUS) [21, 22] in South Africa during 2013–2015. In 

addition, we sought to compare estimates of medically attended influenza-associated 

respiratory illness, obtained from case-based and ecological studies.
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METHODS

Data Sources and Structure of the Burden Pyramid

For the burden pyramid estimation, we used 4 main data sources (Table 1) and a 

combination of case-case based and ecological studies (Table 1). The detailed description of 

the data sources is provided in the Supplementary Material. We estimated the national 

burden of influenza-associated illness within 18 main compartments, resulting from the 

combination of 2 levels of healthcare attendance (medically and nonmedically attended; 

Table 1), 3 levels of severity (mild, fatal, and severe, nonfatal; Table 1), and 3 syndromes 

(all-respiratory, all-circulatory, and all medical nonrespiratory/noncirculatory: the case 

definitions are provided in Table 2). In addition, we estimated the burden of influenza-

associated illnesses among individuals presenting with respiratory illness and meeting the 

WHO influenza-like illness (ILI) and severe, acute respiratory infection (SARI) case 

definitions (a subset of all-respiratory illness) used for global influenza surveillance [1, 20], 

resulting in a total of 24 compartments.

Estimation of the National Burden of Influenza-associated Illness

The schematic of the estimation approach, used to construct the burden pyramid for each 

syndrome, level of severity, and healthcare attendance, is provided in Figure 1; the detailed 

description of the estimation approach, used to obtain the burden pyramid, and the sources 

of case-based and ecological estimates are provided in the Supplementary Material.

All estimates were obtained both overall and within the following age categories: <1, 1–4, 

5–24, 25–44, 45–64, ≥65, <5, and ≥5 years. Rates were reported per 100 000 individuals in 

the population. All estimates were reported as mean annual estimates over the study period 

(2013–2015).

Comparison of Case-based and Ecological Estimates of Medically attended, Influenza-
associated Respiratory Illness

We assumed that estimates obtained from case definitions listed in the same row in Table 2 

would be comparable between case-based and ecological studies. We directly compared the 

ecological and case-based estimated rates for medically attended, influenza-associated 

severe respiratory illness (including deaths) and deaths (ie, pneumonia and influenza [P&I]-

ecological vs SARI case-based and all-respiratory-ecological vs severe respiratory illness 

[SRI] case-based for both levels of severity).

For the comparison of medically attended, influenza-associated, mild respiratory illnesses 

(ie, P&I-ecological vs ILI case-based), we first adjusted the ecological estimates by the 

proportion of individuals with ILI that sought health care in private hospital clinics (23.1%), 

among those that sought health care with any private healthcare provider, including private 

general practitioners, using data from HUS conducted in 3 South African communities [21, 

22]. All analyses were implemented using Stata 14.2 (StataCorp, College Station, TX).
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Ethical Approval

The SARI and SRI protocol 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 was approved by HREC and BREC protocol 

numbers M120133 and BF080/12, respectively. This surveillance was deemed nonresearch 

by the US Centers for Disease Control and Prevention (nonresearch determination number: 

2012–6197). For the ecological study, we used only de-identified and aggregated data, which 

did not require human subjects’ ethics review.

RESULTS

National Burden of Influenza-associated Illness

Overall—The estimated overall mean annual number of influenza-associated illnesses was 

10 737 847 (Figure 2 and Supplementary Table S3), resulting in a symptomatic community 

attack rate (CAR) of 19.8%. Influenza-associated, all-respiratory illnesses accounted for 

99.3% (10 663 980) of all influenza-associated illnesses (Supplementary Figure S3 and 

Supplementary Table S3). The ratio of all influenza-associated illnesses to influenza-

associated, severe, nonfatal illnesses was 83.8:1 and to death was 930.8:1 (Figure 2 and 

Supplementary Table S7). This ratio was highest among influenza-associated, all-respiratory 

illnesses (severe, nonfatal illnesses: 127.0:1; death: 2739.3:1) and lowest among influenza-

associated, circulatory illnesses (severe, nonfatal illnesses: 1.5:1; death: 6.7:1).

Mild Illness—The estimated mean annual number of influenza-associated mild illnesses 

was 10 598 138 (98.7% of all estimated influenza-associated illnesses; Figure 2 and Table 

3). Of these mild cases, 2 718 140 (25.6%) were medically attended (Figure 2 and Table 3), 

and the highest number occurred among individuals aged 5–24 years (5 745 544, 54.2%; 

Supplementary Figure S4). Influenza-associated, all-respiratory mild illnesses accounted for 

99.2% (10 576 146) of all influenza-associated, mild illnesses (Supplementary Figure S3 

and Table 3). All and medically attended influenza-associated ILI accounted for 33.9% (3 

593 813) and 8.7% (921 419) of all influenza-associated, mild illnesses, respectively 

(Supplementary Table S1). Overall, the influenza-associated, mild illness rates were highest 

among individuals aged 5–24 years (28 935.2 per 100 000 individuals in the population) and 

lowest among individuals aged ≥65 years (2707.0 per 100 000 individuals in the population; 

Table 3). This trend was similar among influenza-associated, all-respiratory cases, whereas 

the highest rates were observed in individuals aged ≥65 years and <1 year among influenza-

associated, all-circulatory and nonrespiratory/noncirculatory cases, respectively (Table 3).

Severe, Nonfatal Illness

The estimated mean annual number of influenza-associated, severe, nonfatal illnesses was 

128 173 (1.2% of all estimated influenza-associated illnesses; Figure 2 and Table 4). Of 

these severe cases, 56 226 (43.9%) were medically attended (Figure 2 and Table 4), and the 

highest number occurred among individuals aged 25–44 years (36 113, 28.2%; 

Supplementary Figure S4). Influenza-associated, all-respiratory, severe, nonfatal illnesses 

accounted for 65.5% (83 941) of all influenza-associated, severe, nonfatal illnesses 
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(Supplementary Figure S3 and Table 4). All and medically attended influenza-associated 

SARI accounted for 40.3% (51 621) and 19.7% (25 237) of all influenza-associated, severe, 

nonfatal illnesses, respectively (Supplementary Table S1). Overall, the influenza-associated, 

severe, nonfatal illness rates were higher among individuals aged <1 year (1550.9 per 100 

000 individuals in the population) and ≥65 years (761.3 per 100 000 individuals in the 

population); the lowest rates were among individuals aged 5–24 years (58.4 per 100 000 

individuals in the population; Table 4). Such a U-shaped distribution was observed for all the 

syndromes evaluated in this study (Table 4).

Deaths—The estimated mean annual number of influenza-associated deaths was 11 536 

(0.1% of all estimated influenza-associated illnesses; Figure 2 and Table 5). Of these deaths, 

4945 (42.8%) occurred in a hospital (Figure 1 and Table 6), and the highest number occurred 

among individuals aged ≥65 years (4195, 36.1%; Supplementary Figure S4). Influenza-

associated, all-respiratory deaths accounted for 33.7% (3893) of all influenza-associated 

deaths (Supplementary Figure S3 and Table 5). All and in-hospital influenza-associated 

SARI deaths accounted for 19.8% (2291) and 9.7% (1126) of all influenza-associated 

deaths, respectively (Supplementary Table S1). Overall, the influenza-associated death rates 

were higher among individuals aged <1 year (80.3 per 100 000 individuals in the 

population) and ≥65 years (137.9 per 100 000 individuals in the population); the lowest rates 

were among individuals aged 5–24 years (2.0 per 100 000 individuals in the population; 

Table 5). This U-shaped distribution was similar for influenza-associated, all-respiratory 

deaths, whereas the highest rates were observed in individuals aged ≥65 years and <1 year 

for influenza-associated, all-circulatory and nonrespiratory/noncirculatory deaths, 

respectively (Table 5). The estimated case fatality rate among individuals with influenza-

associated severe illness was 8.3% overall and 4.4%, 18.6%, and 12.9% among individuals 

with influenza-associated all-respiratory, all-circulatory, and nonrespiratory/noncirculatory 

severe illnesses, respectively (Supplementary Table S6).

Comparison of Case-based and Ecological Estimates of Medically Attended Influenza-
associated Respiratory Illness

The percentage difference of ecological and case-based rate estimates of medically attended, 

influenza-associated mild respiratory illness was 4.4% (rates: P&I-ecological, 1778.8, vs ILI 

case-based, 1703.3 per 100 000 individuals in the population; Table 6). This percent 

difference was 10.0% for medically attended, influenza-associated, acute-respiratory, severe 

illness (rates: P&I-ecological, 53.7, vs SARI case-based, 48.8 per 100 000 individuals in the 

population) and 15.0% for medically attended, influenza-associated, all-respiratory, severe 

illness (rates: all-respiratory-ecological, 88.6, vs SRI case-based, 75.3 per 100 000 

individuals in the population; Table 6 and Supplementary Tables S1 and S2). A similar 

percentage difference was observed for influenza-associated, acute-respiratory deaths (rates: 

P&I-ecological, 2.2, vs SARI case-based, 2.1 per 100 000 individuals in the population; 

difference, 6.4%) and influenza-associated, all-respiratory deaths (rates: all-respiratory-

ecological, 3.8, vs SRI case-based, 3.5 per 100 000 individuals in the population; difference, 

8.4%; Table 6). The estimated proportion of cases within a comparable syndrome 

attributable to influenza virus infection was also similar among ecological and case-based 

studies for mild respiratory illness (P&I-ecological, 13.4%, vs ILI case-based, 12.3%), 
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acute-respiratory, severe illness (P&I-ecological, 5.1%, vs SARI case-based, 4.3%), and all-

respiratory, severe illness (all-respiratory-ecological, 4.3%, vs SRI case-based, 3.9%; 

Supplementary Tables S4 and S5).

DISCUSSION

During 2013–2015, we estimate that, on average, 19.8% (10 737 847) of the South African 

population was affected by influenza-associated illness annually, of which 97.8% cases were 

mild and 74.1% were nonmedically attended. Nonetheless, a substantial number of 

influenza-associated, severe-illness episodes (128 173) and deaths (11 536) occurred 

annually in the country. Influenza-associated respiratory illness accounted for the majority 

of influenza-associated mild illnesses (99.2%), but for a lower proportion of influenza-

associated severe illnesses (65.5%) and deaths (33.7%). Overall, the rates of influenza-

associated mild illness were highest among individuals aged 5–24 years; the rates of 

influenza-associated, severe, nonfatal illnesses and deaths were higher among infants aged 

<1 year and persons aged ≥65 years. The case-based estimates of medically attended, 

influenza-associated, mild and severe respiratory illnesses and deaths were similar to those 

from independently conducted ecological studies.

The estimated symptomatic CAR associated with influenza virus infection found in this 

study (19.8%) is lower than those observed in a community burden study (30.9%) 

implemented in South Africa in 2016 using polymerase chain reaction–confirmed influenza 

virus infection [24]. However, it should be noted that asymptomatic individuals were 

included in the above-mentioned study, but not accounted for in our estimates of illness 

episodes. Using pre- and postinfluenza season serology, influenza attack rates of 43.6% 

pertains to HIV-infected and 35.0% pertains to HIV-uninfected pregnant women were found 

among human immunodeficiency virus (HIV)-infected and HIV-uninfected pregnant women 

in South Africa [25]. Also using serology, influenza virus CARs of 18% and 35% have been 

reported in England and New Zealand, respectively [26, 27]. These studies also included 

asymptomatic individuals. A recent meta-analysis estimated that 19.1% (range, 1.6–62.5%) 

of influenza virus infections are asymptomatic [28]; this proportion was 20.0% in a South 

African household transmission study [29]. The exclusion of the asymptomatic fraction in 

our estimates may explain the lower CAR found in this study (19.8%), as compared to CAR 

estimates from South African studies that included asymptomatic individuals, as described 

above [24, 25].

In our study, we found that the proportion of influenza-associated illnesses with respiratory 

presentations was highest for mild illnesses, but proportionately lower for severe, nonfatal 

illnesses and deaths; influenza-associated, nonrespiratory illnesses accounted only for 0.8% 

of all influenza-associated, mild illnesses, but 66.3% of all influenza-associated deaths. 

Underlying medical conditions, such as chronic circulatory, renal, or liver diseases and 

diabetes, are known risk factors for influenza-associated, severe illnesses and death [30, 31]. 

Influenza virus infections in some individuals with such underlying medical conditions may 

manifest as acute exacerbations of those conditions, resulting in higher hospitalization and 

death rates than in healthy individuals and, with sufficiently severe exacerbations, a higher 

likelihood of being diagnosed by the attending physician as a nonrespiratory illness [32]. 
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This high level of severity among influenza-associated, nonrespiratory illnesses was also 

reflected in the higher case fatality rates observed among individuals with influenza-

associated circulatory illnesses (18.6%) or nonrespiratory/noncirculatory illnesses (12.9%), 

as compared to respiratory illnesses (4.4%), in our study. This increased severity among 

influenza-associated, nonrespiratory illness may be responsible for the higher contribution of 

these syndromes to influenza-associated severe illness and death, as compared to mild 

illness.

We found a high proportion of nonmedically attended illnesses, even among severe cases, 

across the syndromes evaluated in this study (56.1%). An elevated proportion of 

nonmedically attended, influenza-associated, SARI hospitalizations (79.2%) was found also 

in a recent study conducted in Kenya [33], suggesting that limited access to health care in 

such settings may prevent care seeking, even among individuals that develop severe illness. 

This was corroborated also by the high proportion of influenza-associated deaths taking 

place out of a hospital (57.2%), as found in this study and previously described in South 

Africa [4, 31].

The WHO recommends influenza surveillance among outpatients with ILI and inpatients 

with SARI [20]. In our study, medically and nonmedically attended, influenza-associated 

ILI, nonfatal SARI illnesses, and SARI deaths accounted only for 33.9% of all influenza-

associated, mild illnesses, 40.3% of severe, nonfatal illnesses, and 19.8% of deaths, 

respectively. In this study, the proportion of the symptomatic fraction of influenza-associated 

mild illnesses that met the ILI case definition (33.9%) is similar to those reported in other 

studies. In a household transmission study conducted in Hong Kong, the proportion of 

influenza-positive household members that had symptoms consistent with the ILI case 

definition was 37.1% among any symptomatic individuals (defined as having at least 1 of 7 

investigated symptoms) [34]. A recent meta-analysis estimated that 43.4% (range, 4.6–

92.8%) of symptomatic individuals infected with influenza virus did not meet the ILI or 

acute respiratory infection case definition [28]. To our knowledge, there are no estimates of 

the proportional contribution of influenza-associated, nonfatal SARI illnesses and SARI 

deaths to all influenza-associated, severe illnesses or deaths. In our study, medically 

attended, influenza-associated ILI, nonfatal SARI illnesses, and SARI deaths accounted only 

for 8.7% of all influenza-associated mild illnesses, 19.7% of severe, nonfatal illnesses, and 

9.7% of deaths, respectively. This suggests that using influenza surveillance data among 

medically-attended patients with ILI or SARI (as recommended by the WHO for global 

influenza surveillance [20]) can substantially underestimate the burden of influenza-

associated illnesses in all levels of severity. This is due to 3 main factors: (1) the ILI and 

SARI case definitions do not capture all influenza-associated respiratory illnesses [10, 26, 

28, 29, 34]; (2) influenza-associated, nonrespiratory illness contributes to a substantial 

proportion of all influenza-associated illnesses, especially among severe cases and deaths 

[2–4]; and (3) a high proportion of influenza-associated illness is nonmedically attended 

across levels of severity in our settings [4, 21, 22, 33].

Similar to other studies [35], we found higher rates of influenza-associated ILI among 

school-aged children and young adults compared to other age groups, highlighting the 

importance of these individuals in influenza virus transmission [36]. We found higher rates 
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of influenza-associated, severe illnesses and deaths among individuals aged <1 and ≥65 

years; this has also been reported in other studies and settings [2–4, 8, 10, 11, 13–16], 

highlighting the increased risk of these individuals for influenza-associated severe illness.

We found similar ecological and case-based rate estimates for medically attended, influenza-

associated, respiratory mild or severe illnesses and deaths (ie, P&I or all-respiratory 

ecological vs ILI, SARI, or SRI case-based). This similarity was also found among 

influenza-associated SARI deaths in another study conducted in South Africa [31].

Our study has limitations that warrant discussion. First, we could not compare ecological 

and case-based estimates for influenza-associated circulatory and nonrespiratory/

noncirculatory illnesses, as we did not implement virological influenza surveillance in this 

group of patients. Case-based studies on the burden of influenza-associated illness among 

patients with nonrespiratory presentation are lacking, hampering the ability to validate 

ecological estimates for nonrespiratory syndromes. Second, whereas estimates for 

nonmedically attended, influenza-associated, mild and severe respiratory illnesses were 

obtained from HUS data, for nonmedically attended, influenza-associated, mild and severe 

circulatory and nonrespiratory/noncirculatory illnesses, we assumed the same proportion as 

among those medically attended cases calculated from estimated deaths occurring outside 

hospitals. If the case fatality rate was higher among non-medically attended than medically 

attended cases, this could have resulted in an overestimation of the nonmedically attended, 

influenza-associated, mild and severe, nonfatal, circulatory and nonrespiratory/

noncirculatory illnesses.

In conclusion, we estimated that a substantial number of influenza-associated illness 

episodes, including a sizable number of medically and nonmedically attended, influenza-

associated, severe, nonfatal illnesses and deaths, occur annually in South Africa. The 

combination of case-based and ecological studies, as well as HUS data, provided more 

comprehensive estimates of influenza-associated illness than the use of medically attended, 

case-based surveillance alone would have allowed. This suggests an important 

underestimation of influenza-associated illness across levels of severity when medically 

attended ILI and SARI surveillance data are used for disease burden estimation. The similar 

ecological and case-based estimates obtained for medically attended, influenza-associated, 

mild, fatal, and severe, nonfatal respiratory illnesses provide an important validation of 

ecological estimates for these categories. Nonetheless, these findings should be validated in 

other countries and settings. In addition, a better understanding of the validity of ecological 

estimates of influenza-associated circulatory and nonrespiratory/noncirculatory illnesses 

across levels of severity is needed. Influenza virus circulation patterns, crowding, population 

density/interaction and age structure, the prevalence of underlying medical conditions in the 

community, and access to health care are factors that, among others, may affect the size and 

proportional contribution of the different compartments of the burden pyramid, as estimated 

in this study, and this should be investigated in other countries and settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic of the method used to estimate influenza-associated illness in South Africa, 

2013–2015. Each circle represents a compartment (24) in the estimation approach. 

Abbreviations: All-Cir, all-circulatory; All-Res, all-respiratory; ILI, influenza-like illness; 

Non-Res/Non-Cir, nonrespiratory/noncirculatory; P&I, pneumonia and influenza; SARI, 

severe, acute respiratory infection; SRI, severe respiratory illness.
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Figure 2. 
Estimated mean annual number of total, medically, and nonmedically attended influenza-

associated illness in South Africa, 2013–2015. The () indicate column percentages and [] 

indicate row percentages. The circles’ size is proportional to the number of influenza-

associated illness episodes.
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