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Abstract

Background Estimates of the disease burden associated with different respiratory viruses are severely limited in low- and middle-

income countries, especially in Africa. Methods We estimated age-specific numbers and rates of medically and non-medically

attended influenza-like illness (ILI) and severe respiratory illness (SRI) that were associated with influenza, respiratory syncytial

virus (RSV), rhinovirus, human metapneumovirus, adenovirus, enterovirus and parainfluenza virus types 1-3 after adjusting for

the attributable fraction (AF) of virus detection to illness in South Africa during 2013-2015. Rates were reported per 100,000

population. Results The mean annual rates were 51,383 and 4,196 for ILI and SRI, respectively. Of these, 26% (for ILI) and 46%

(for SRI) were medically attended. Among outpatients with ILI, rhinovirus had the highest AF-adjusted rate (7,221), followed

by influenza (6,443) and adenovirus (1,364); whereas, among inpatients with SRI, rhinovirus had the highest AF-adjusted rate

(400), followed by RSV (247) and influenza (130). Rhinovirus (9,424) and RSV (2,026) had the highest AF-adjusted rates

among children aged <5 years with ILI or SRI, respectively; whereas rhinovirus (757) and influenza (306) had the highest

AF-adjusted rates among individuals aged [?]65 years with ILI or SRI, respectively Conclusions There was a substantial burden

of ILI and SRI in South Africa during 2013-2015. Rhinovirus and influenza had a prominent disease burden among patients

with ILI. Rhinovirus had the highest burden of illness among patients of any age with SRI, followed by RSV. RSV and influenza

were the most prominent causes of SRI in children and the elderly, respectively.
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Abstract

Background

Estimates of the disease burden associated with different respiratory viruses are severely limited in low- and
middle-income countries, especially in Africa.

Methods

We estimated age-specific numbers and rates of medically and non-medically attended influenza-like illness
(ILI) and severe respiratory illness (SRI) that were associated with influenza, respiratory syncytial virus
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. (RSV), rhinovirus, human metapneumovirus, adenovirus, enterovirus and parainfluenza virus types 1-3 after
adjusting for the attributable fraction (AF) of virus detection to illness in South Africa during 2013-2015.
Rates were reported per 100,000 population.

Results

The mean annual rates were 51,383 and 4,196 for ILI and SRI, respectively. Of these, 26% (for ILI) and 46%
(for SRI) were medically attended. Among outpatients with ILI, rhinovirus had the highest AF-adjusted rate
(7,221), followed by influenza (6,443) and adenovirus (1,364); whereas, among inpatients with SRI, rhinovirus
had the highest AF-adjusted rate (400), followed by RSV (247) and influenza (130). Rhinovirus (9,424) and
RSV (2,026) had the highest AF-adjusted rates among children aged <5 years with ILI or SRI, respectively;
whereas rhinovirus (757) and influenza (306) had the highest AF-adjusted rates among individuals aged [?]65
years with ILI or SRI, respectively

Conclusion

There was a substantial burden of ILI and SRI in South Africa during 2013-2015. Rhinovirus and influenza
had a prominent disease burden among patients with ILI. Rhinovirus had the highest burden of illness among
patients of any age with SRI, followed by RSV. RSV and influenza were the most prominent causes of SRI
in children and the elderly, respectively.

INTRODUCTION

Despite the use of interventions such as antimicrobial drugs and vaccination against leading pneumonia-
causing pathogens, acute respiratory infections (ARI) remain a major cause of death globally, especially
among children aged <5 years [11World Health Organisation. Global Health estimates 2016: Deaths
by cause, age, sex, by country, Region, 2000-2016. 2018 . Available at: www.who.int/news-room/fact-
sheets/detail/the-top-10-causes-of-death. Accessed 29 January 2020]. In addition, mild and severe-non-fatal
episodes of ARI are responsible for a substantial burden on the healthcare systems and the society, through
illness, absenteeism, and associated costs.

The Pneumonia Etiology Research for Child Health (PERCH) study conducted in 7 low- and middle-income
countries, including South Africa, estimated that respiratory viruses were responsible for 61% of severe
pneumonia cases (compared to 27% due to bacteria) among HIV-uninfected children aged <5 years [22Pneu-
monia Etiology Research for Child Health (PERCH) Study Group. Causes of severe pneumonia requiring
hospital admission in children without HIV infection from Africa and Asia: the PERCH multi-country case-
control study. Lancet. 2019 ;394(10200):757-779. doi: 10.1016/S0140-6736(19)30721-4.]. This suggests
that, as bacterial etiologies decline due to vaccination, respiratory viral causes may gain greater prominence
[2]. Nonetheless, the relative contribution of respiratory viruses in individuals of all ages remains poorly
understood.

HIV infection is associated with increased severity of ARI and higher case-fatality ratios, especially in older
children and younger adults [33Cohen C, Walaza S, Moyes J, at al. Epidemiology of viral-associated acute
lower respiratory tract infection among children <5 years of age in a high HIV prevalence setting, South
Africa, 2009-2012. Pediatr Infect Dis J.2015 ;34(1):66-72. doi: 10.1097/INF.0000000000000478.,44Cohen
C, Walaza S, Moyes J, et al. Epidemiology of severe acute respiratory illness (SARI) among adults and
children aged [?]5 years in a high HIV-prevalence setting, 2009-2012. PLoS One. 2015 ;10(2):e0117716.
doi: 10.1371/journal.pone.0117716.]. In South Africa, a country with an HIV prevalence of 12.7% in
the general population and 23.5% in individuals aged 25-44 years in 2016 [55Statistics South Africa.
Mid-Year Population Estimates. Pretoria, South Africa: Statistics South Africa. 2016 . Available
at: https://www.statssa.gov.za/publications/P0302/P03022016.pdf. Accessed 29 January 2020.], pneu-
monia and influenza were the leading causes of death among children aged <5 years and the 3rd and
5th causes of death among older individuals, resulting in 19,638 deaths annually in the same year
[66Statistics South Africa. Mortality and causes of death in South Africa. 2016 . Available at:
https://www.statssa.gov.za/publications/P03093/P030932016.pdf. Accessed 29 January 2020.]. Whereas
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. the etiology of hospitalized severe pneumonia among HIV-uninfected children aged <5 years has been de-
scribed in South Africa [2], the overall burden on the healthcare system and society of mild and severe
respiratory illness overall and associated with respiratory viruses across age groups has not been quanti-
fied. Quantifying this burden may assist policy makers with allocation of resources and prioritization of
interventions.

In this study, we sought to assess the mean annual national burden of medically and non-medically attended
influenza-like illness (ILI) and severe respiratory illness (SRI) overall and associated with nine respiratory
viruses in different age groups in South Africa during 2013-2015.

METHODS

Data sources

Data source 1: Respiratory viruses surveillance among patients with influenza-like-illness and severe respi-
ratory illness

We conducted active prospective hospital-based surveillance among patients with SRI at 3 public hospitals
in 2 provinces [Edendale Hospital in a peri-urban area of KwaZulu-Natal province, and Klerksdorp and
Tshepong Hospitals (the Klerksdorp-Tshepong Hospital Complex, KTHC) in a peri-urban area of North
West province] during 2013-2015. A case of SRI was defined as a hospitalized person with symptoms of any
duration who met age-specific clinical inclusion criteria. A case in children aged 2 days to <3 months included
any hospitalized patient with diagnosis of suspected sepsis or physician-diagnosed acute lower respiratory
tract infection irrespective of signs and symptoms. A case in children aged 3 months to <5 years included any
hospitalized patient with physician-diagnosed acute lower respiratory tract infection, including bronchitis,
bronchiolitis, pneumonia and pleural effusion. A case in individuals aged [?]5 years included any hospitalized
patient presenting with manifestation of acute lower respiratory tract infection with fever ([?]38°C) or history
of fever and cough.

In addition, we conducted prospective surveillance for patients presenting with ILI at two outpatient clinics
(Edendale Gateway Clinic, KwaZulu-Natal province, and Jouberton Clinic, North West province) located
in the same catchment area as the above-mentioned hospitals over the same study period. An ILI case was
defined as an outpatient of any age presenting with either temperature [?]38degC or history of fever and
cough of duration of [?]10 days.

We also enrolled persons presenting at the same outpatient clinics with no history of fever, respiratory or
gastrointestinal symptoms during the 14 days preceding the visit (hereafter referred to as controls). These
individuals commonly presented to the clinics for visits such as dental procedures, family planning, well
baby visits, voluntary HIV counseling and testing or acute care for non-febrile illnesses. We aimed to enroll
one HIV-infected and one HIV-uninfected control every week in each clinic within each of the following age
categories: <1, 1-4, 5-24, 25-44, 45-64 and [?]65years.

The procedures of these surveillance programs have been previously described [11Cohen C, Moyes J, Tem-
pia S, et al. Severe influenza-associated lower respiratory tract infection in a high HIV-Prevalence setting
– South Africa, 2009-2011. Emerg Infec Dis.2013 ; 19(11):1766-74.,22Moyes J, Cohen C, Pretorius M, et
al. Epidemiology of respiratory syncytial virus-associated acute lower respiratory tract infection hospital-
izations among HIV-infected and HIV-uninfected South African children, 2010-2011. J Infect Dis.2013 ;
208(S3):S217-26.,33Wolter N, Cohen C, Tempia S, et al. HIV and influenza virus infections are associated
with increased blood pneumococcal load: a prospective hospital-based observational study in South Africa,
2009-2011. J Infcet Dis.2014 ; 209(1):56-65.]. In brief, study staff completed case report forms for all en-
rolled controls and ILI and SRI cases. Referral to hospital was recorded for all enrolled ILI cases. ILI cases
that were referred to hospital were excluded from the analysis. Numbers of patients meeting the ILI and SRI
case definitions and numbers enrolled were collected throughout the study period. Outpatient care prior to
hospitalization was also recorded for enrolled SRI cases.

Respiratory specimens (i.e., nasopharyngeal aspirates for children aged <5 years and nasopharyngeal and
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. oropharyngeal swabs from persons aged [?]5 years) were collected from all enrolled individuals (controls
and ILI and SRI cases), placed in universal transport medium (Copan Diagnostics Inc., California, USA),
stored at 4-8degC and transported to the National Institute for Communicable Diseases (NICD) for testing
within 72 hours of collection. Specimens were tested for the presence of 10 respiratory viruses [influenza A
and B viruses; parainfluenza virus (PIV) types 1, 2 and 3; respiratory syncytial virus (RSV); adenovirus;
rhinovirus; human metapneumovirus (HMPV); and enterovirus] using a multiplex real-time reverse tran-
scription polymerase chain reaction assay [44Pretorius MA, Tempia S, Walaza S, et al. The role of influenza,
RSV and other common respiratory viruses in severe acute respiratory infections and influenza-like illness
in a population with a high HIV sero-prevalence, South Africa, 2012-2015. J Clin Virol.2016 ; 75:21-6.].
Influenza A-positive samples were further subtyped.

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. Testing included HIV enzyme-linked
immunosorbent assay (ELISA) for patients aged [?]18 months and PCR for children aged <18 months if the
ELISA was reactive.

Data source 2: Healthcare utilization surveys

We obtained data on actual healthcare seeking behavior (including information on provider/institution where
medical care was sought or not seeking medical care) among individuals with reported ILI and SRI from three
healthcare utilization surveys (HUS) conducted in South Africa [55Wong KK, von Mollendorf C, Martinson
NA, et al. Healthcare utilization for common infectious diseases syndromes in Soweto and Klerksdorp,
South Africa.2017 .,66McAnerney JM, Cohen C, Cohen AL, et al. Healthcare utilization patterns for
common syndromes in Msunduzi Municipality, Pietermaritzburg, KwaZulu-Natal Province, South Africa,
2013. 2017.].

Data source 3: Prevalence of risk factors for pneumonia and healthcare seeking behavior for acute respiratory
infection

We obtained the provincial-level prevalence of known risk factors for pneumonia and the provincial data on
healthcare seeking behavior among cases with acute respiratory infection (ARI) from the 2016 South Africa
Demographic and Health Survey (DHS) [77South Africa Demographic and Health Survey, 2016. Available
at: http://www.statssa.gov.za/publications/Report%2003-00-09/Report%2003-00-092016.pdf . Accessed on
11 June 2017.] and the THEMBISA model (specifically for the prevalence of HIV infection in the community)
[88THEMBISA Model. Available at: http://www.thembisa.org/. Accessed on 25 July 2017.].

Data source 4: Population denominators

We obtained age- and year-specific population denominators for the catchment area of the surveillance sites
described in data source 1 from projections of 2011 census data for South Africa [99Statistics South Africa –
2011 Census. Available at: http://www.statssa.gov.za/?page id=3839. Accessed on 25 July 2017.]. We also
obtained the provincial age- and year-specific population denominators from the same data source.

Estimation of the attributable fraction of respiratory viruses detection to illness

We used unconditional logistic regression to estimate the attributable fraction (AF) of respiratory viruses-
associated hospitalization and outpatient consultation by comparing the respiratory viruses detection rate
among ILI or SRI cases to those of controls (outcome variables in the models). The attributable fraction
was estimated from the virus specific odds ratio (OR) obtained from the multivariable regression models as
follows:

[1]

Subsequently we estimated the individual respiratory viruses detection rate associated with illness among
ILI and SRI cases (InflDetectRateIll ) from the observed detection rate (InflDetectRateObs ) as follows:

InflDetectRateIll = InflDetectRateObs*AF [2]
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. This analysis was implemented overall and within the following age categories: <5, 5-44 and [?]45 years of
age. All estimates were obtained from multivariable models that included the different respiratory viruses
investigated in this study, HIV infection, and underlying medical conditions as covariates as previously de-
scribed [11Hellferscee O, Treurnicht FK, Walaza S, et al. The Fraction of Rhinovirus Detections Attributable
to Mild and Severe Respiratory Illness in a Setting of High Human Immunodeficiency Virus Prevalence, South
Africa, 2013-2015. J Infect Dis.2019 ;219(11):1697-1704. doi: 10.1093/infdis/jiy725.,22Tempia S, Walaza
S, Moyes J, et al. Attributable Fraction of Influenza Virus Detection to Mild and Severe Respiratory Ill-
nesses in HIV-Infected and HIV-Uninfected Patients, South Africa, 2012-2016. Emerg Infect Dis. 2017
;23(7):1124-1132. doi: 10.3201/eid2307.161959.].

Estimation of the national disease burden associated with respiratory viruses

We reported mean annual estimates over the study period for any SRI and ILI as well as those associated
with the respiratory viruses investigated in this study. Estimates were obtained overall and within the
following age categories: <1, 1-4, 5-24, 25-44, 45-64, [?]65, <5 and [?]5 years of age. Rates were reported
per 100,000 population. The details of the estimation approach are provided in Supplementary Material and
summarized below.

Medically-attended illness

To estimate the national number of respiratory viruses-associated SRI hospitalizations we used a four-step
approach. In Step 1 we estimated the SRI hospitalizations rates at the two hospitals mentioned above (data
source 1) during 2013-2015 as previously described [11Tempia S, Walaza S, Moyes J, et al. Quantifying
How Different Clinical Presentations, Levels of Severity, and Healthcare Attendance Shape the Burden
of Influenza-associated Illness: A Modeling Study From South Africa. Clin Infect Dis.2019 ;69(6):1036-
1048. doi: 10.1093/cid/ciy1017.] and we used the SRI hospitalization rates at the two sites as proxy for
the corresponding provinces (considered to be the base provinces in our estimation approach). In Step
2 we estimated the SRI hospitalizations rates for the other 7 provinces from the base provinces using a
previously described methodology that leverages provincial differences in the prevalence of known risk factors
for pneumonia and healthcare seeking behavior (data source 3). In Step 3 we estimated the respiratory
viruses-associated SRI hospitalizations rates using available virological surveillance data (data source 1) (i.e.
detection rate of individual viruses adjusted for the estimated AF for each virus). In Step 4 we obtained
the number of respiratory viruses-associated SRI hospitalizations using the estimated respiratory viruses-
associated rates and the population at risk in each province (data source 4).

To estimate the national number of respiratory viruses-associated ILI outpatient consultations we used an
approach similar to those used for SRI cases, but we did not adjust for the provincial level risk factors for
pneumonia [18].

Non-medically attended illness

To estimate the national number and rates of respiratory viruses-associated non-medically attended ILI and
SRI we used the four-step approach described above in conjunction with HUS data (data source 2) [18].

Estimation of the confidence intervals

We obtained the 95% confidence intervals (CI) for medically- and non-medically attended respiratory viruses-
associated illness using bootstrap resampling over 1,000 replications for all parameters included in the cal-
culations [18]. This included (i) the age- and year-specific ILI or SRI rates in the base provinces (data
source 1), (ii) the provincial prevalence of the risk factors for pneumonia from the DHS (data source 3),
(iii) the provincial proportion of ARI cases seeking care from the DHS (data source 3), (iv) the age-specific
respiratory viruses detection rate among ILI or SRI cases tested (data source 1), (v) the estimated AF for
each virus and (vi) the estimated proportion of individuals seeking care from the HUS (data source 2). The
lower and upper limits of the 95% CI were the 2.5thand 97.5th percentiles of the estimated values obtained
from the 1,000 resampled datasets, respectively.
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. RESULTS

Patients enrolled in surveillance

During January 2013 to December 2015 we enrolled 10,602 individuals of which 10,149 (95.7%) had available
data on age and underlying medical conditions as well as respiratory viruses and HIV results and were thus
included for further analyses. Of these 10,602 individuals, 2,119 (20.9%) were controls, 3,672 (36.2%) were
outpatients with ILI and 4,358 (42.9%) were inpatients with SRI. Children aged <5 years accounted for
38.0% (806/2,119) of controls, 35.5% (1,134/3,672) of patients with ILI and 37.5% (1,632/4,358) of patients
with SRI. The HIV prevalence was 41.3% (874/2,119) among controls (due to enrolment criteria), 25.1%
(923/3,672) among patients with ILI and 50.1% (2,183/4,358) among patients with SRI.

Detection of respiratory viruses

Among individuals of any age, the detection of the nine respiratory viruses investigated in this study ranged
between 0.2%-16.7% among controls, 0.6%-26.2% among patients with ILI and 0.6%-22.1% among patients
with SRI. Rhinovirus was the most detected virus among controls (16.7%; 354/2,119) and patients with
ILI (26.2%; 961/3,672) or SRI (22.1%; 962/4,358) (Table 1-2 and S1). Among controls, the most detected
viruses following rhinovirus were adenovirus (7.1%; 150/2,119) and enterovirus (2.4%; 51/2,119). All other
viruses were detected in <2% of samples in this group (Table S1). Following rhinovirus, the most detected
viruses were influenza (13.1%; 480/3,672) and adenovirus (8.9%; 327/3,672) among patients with ILI (Table
1 and S1) and RSV (9.9%; 432/4,358) and adenovirus (8.8%; 385/4,358) among patients with SRI (Table 2
and S1). The circulation patterns of the respiratory viruses investigated in this study are provided in Figure
1.

Respiratory viruses attributable fraction and attributable fraction-adjusted prevalence

Among individuals of any age, the AF of the nine respiratory viruses investigated in this study ranged
between 20.7%-90.8% among patients with ILI (Table 1) and 26.4%-91.9% among patients with SRI (Table
2). Influenza (90.8%), HMPV (77.5%) and RSV (74.8%) had the highest AF among patients with ILI (Table
1) and RSV (91.9%), HMPV (78.1%) and PIV type 3 (73.5%) had the highest AF among patients with SRI
(Table 2).

Among patients of any age with ILI, rhinovirus (13.9%) had the highest AF-adjusted prevalence followed
by influenza (11.9%) and RSV (3.8%) (Table 1). Among patients of any age with SRI, rhinovirus (10.5%)
also had the highest AF-adjusted prevalence followed by RSV (9.1%) and influenza (3.4%) (Table 2). The
AF-adjusted prevalence was used to estimate the virus-specific rates, which are provided in Figures 2-5.

Burden of influenza-like illness and those associated with respiratory viruses

During 2013-2015, among individuals of any age the estimated mean annual number of ILI episodes was
27,773,390 (rate: 51,383 per 100,000 population) (Table S2) of which 7,232,910 (26.0%; rate: 13,381 per
100,000 population) were medically attended (Table S3). The ILI rates were highest in infants and declined
with increasing age (Figure 3 and Table S2). Overall, among patients with ILI, rhinovirus had the highest
rate (7,221 per 100,000 population) followed by influenza (6,443 per 100,000 population) and adenovirus
(1,364 per 100,000 population) (Figure 2 and Table S2). A similar ranking was observed among individuals
aged [?]5 years (Figure 2 and Table S2). Among children aged <5 years, rhinovirus had the highest rate (9,424
per 100,000 population) followed by influenza (7,440 per 100,000 population) and RSV (4,774 per 100,000
population). The respiratory viruses-associated ILI rates were highest in infants and declined with increasing
age with the exception of influenza and adenovirus where the highest rates were among individuals aged 5-24
years (Figure 3 and Table S2) and PIV type 2 where the highest rate was among individuals aged [?]65 years
(Figure 5 and Table S8). The rates of medically and non-medically attended respiratory viruses-associated
ILI are provided in Tables S3, S4 and S8.

Burden of severe respiratory illness and those associated with respiratory viruses
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. During 2013-2015, among individuals of any age the estimated mean annual number of SRI episodes was
2,268,125 (rate: 4,196 per 100,000 population) (Table S5) of which 1,051,701 (46.4%; rate: 1,945 per 100,000
population) were medically attended (Table S6). The SRI rates were highest in infants aged <1 year followed
by individuals aged [?]65 years (Figure 4 and Table S5). Overall, among patients with SRI rhinovirus had
the highest rate (400 per 100,000 population) followed by RSV (247 per 100,000 population) and influenza
(130 per 100,000 population) (Figure 2 and Table S5). Among children aged <5 years RSV had the highest
rate (2,026 per 100,000 population) followed by rhinovirus (1,638 per 100,000 population) and adenovirus
(667 per 100,000 population) (Figure 2 and Table S5). Among individuals aged [?]5 years rhinovirus had the
highest rate (253 per 100,000 population) followed by influenza (98 per 100,000 population) and PIV types
1-3 (39 per 100,000 population) (Figure 2 and Table S5). The respiratory viruses-associated SRI rates were
highest in infants aged <1 year followed by children aged 1-4 years with the exception of influenza where
the second highest rate was among individuals aged [?]65 years (Figure 4 and Table S5) and PIV type 2
where the highest rate was among individuals aged [?]65 years followed by infants aged <1 year (Figure 5
and Table S8). The rates of medically and non-medically attended respiratory viruses-associated SRI are
provided in Tables S6, S7 and S9.

DISCUSSION

We estimated the AF of nine respiratory viruses among patients with ILI and SRI as well as the mean
annual number and rates of these syndromes and that associated with respiratory viruses after adjusting
for the estimated AF in South Africa during 2013-2015. The burden of ILI and SRI was substantial with
approximately half of the population experiencing one episode of ILI (rate: 51,383 per 100,000 population)
and approximately 4% of the population experiencing one episode of SRI (rate: 4,196 per 100,000 population)
annually. Twenty six percent of ILI and 46% of SRI episodes were medically attended, indicating a heavy
burden of these syndromes on the healthcare system.

Estimates of the burden of ILI in Africa are scarce. Our estimated rates of medically attended ILI (13,381 per
100,000 population) are similar to those reported in a study conducted in the Democratic Republic of Congo
(DRC) (11,890 per 100,000 population) [11Babakazo P, Lubula L, Disasuani W, et al. The national and
provincial burden of medically attended influenza-associated influenza-like illness and severe acute respiratory
illness in the Democratic Republic of Congo, 2013-2015. Influenza Other Respir Viruses. 2018 ;12(6):695-
705. doi: 10.1111/irv.12601.]. Our estimated rates of medically attended SRI (1,945 per 100,000 population)
are higher than those estimated in other countries for severe acute respiratory illness (SARI): DRC (795
per 100,000 population) [19], Kenya (350 per 100,000 population) [22Dawa JA, Chaves SS, Nyawanda B,
et al. National burden of hospitalized and non-hospitalized influenza-associated severe acute respiratory
illness in Kenya, 2012-2014. Influenza Other Respir Viruses. 2018 ;12(1):30-37. doi: 10.1111/irv.12488.],
Rwanda (571 per 100,000 population) [33Nyamusore J, Rukelibuga J, Mutagoma M, et al. The national bur-
den of influenza-associated severe acute respiratory illness hospitalization in Rwanda, 2012-2014. Influenza
Other Respir Viruses.2018 ;12(1):38-45. doi: 10.1111/irv.12494.], Uganda (267-647 per 100,000 population)
[44Emukule GO, Namagambo B, Owor N, et al. Influenza-associated pneumonia hospitalizations in Uganda,
2013-2016. PLoS One.2019 ;14(7):e0219012. doi: 10.1371/journal.pone.0219012.] and Zambia (843 per
100,000 population) [55Theo A, Tempia S, Cohen AL, et al. The national burden of influenza-associated
severe acute respiratory illness hospitalization in Zambia, 2011-2014. Influenza Other Respir Viruses. 2018
;12(1):46-53. doi: 10.1111/irv.12492.]. It should be noted that the SARI case definition used in these studies
included patients with a symptom duration of 7 (mostly) or 10 days, whereas our SRI case definition included
patients with symptoms of any duration, which would include more patients. In a study conducted in South
Africa, the rates of influenza-associated SRI (67 per 100,000 population) were 2.6 times higher than those of
influenza associated SARI with symptoms duration of 7 days [66Tempia S, Walaza S, Moyes J, et al. The
effects of the attributable fraction and the duration of symptoms on burden estimates of influenza-associated
respiratory illnesses in a high HIV prevalence setting, South Africa, 2013-2015. Influenza Other Respir
Viruses. 2018 ;12(3):360-373. doi: 10.1111/irv.12529.]. Besides the difference in case definitions, difference
in rates in different settings can also be attributed to differences in access to healthcare, healthcare seeking
behavior and the prevalence of risk factors for pneumonia in the general population such as HIV and other
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. underlying medical conditions.

In our study, among patients with ILI, the most commonly detected virus was rhinovirus, followed by in-
fluenza and adenovirus. These viruses were detected at high frequencies also in other studies conducted in
Africa among outpatients with respiratory illness [77Uchi Nyiro J, Munywoki P, Kamau E, et al. Surveillance
of respiratory viruses in the outpatient setting in rural coastal Kenya: baseline epidemiological observations.
Wellcome Open Res. 2018 ;3:89. doi: 10.12688/wellcomeopenres.14662.1.,88Kadjo HA, Ekaza E, Coulibaly
D, et al. Sentinel surveillance for influenza and other respiratory viruses in Cote d’Ivoire, 2003-2010. In-
fluenza Other Respir Viruses.2013 ;7(3):296-303. doi: 10.1111/j.1750-2659.2012.00389.x.,99Dia N, Diene
Sarr F, Thiam D, et al. Influenza-like illnesses in Senegal: not only focus on influenza viruses. PLoS
One. 2014 ;9(3):e93227. doi: 10.1371/journal.pone.0093227.,1010Razanajatovo NH, Richard V, Hoffmann
J, PLoS One. Viral etiology of influenza-like illnesses in Antananarivo, Madagascar, July 2008 to June
2009.2011 ;6(3):e17579. doi: 10.1371/journal.pone.0017579.,1111Njouom R, Yekwa EL, Cappy P, et al. Vi-
ral etiology of influenza-like illnesses in Cameroon, January-December 2009. J Infect Dis. 2012 ;206 Suppl
1(Suppl 1):S29-35. doi: 10.1093/infdis/jis573.]. Rhinovirus, RSV and adenovirus were the most commonly
detected viruses among patients with SRI in our study, and, although variability was observed in differ-
ent settings, these viruses were frequently detected among hospitalized patients with SARI/ARI in other
studies from African countries [1212Feikin DR, Njenga KM, Bigogo, et al. Viral and bacterial causes of
severe acute respiratory illness among children aged less than 5 years in a high malaria prevalence area of
western Kenya, 2007-2010. Pediatr Infect Dis J.2013 ;32(1):e14-9. doi: 10.1097/INF.0b013e31826fd39b.
,1313Kenmoe S, Tchendjou P, Vernet MA, et al. Viral etiology of severe acute respiratory infections in
hospitalized children in Cameroon, 2011-2013. Influenza Other Respir Viruses. 2016 ;10(5):386-93. doi:
10.1111/irv.12391.,1414Razanajatovo NH, Guillebaud J, Harimanana A, et al. Epidemiology of severe acute
respiratory infections from hospital-based surveillance in Madagascar, November 2010 to July 2013. PLoS
One. 2018 ;13(11):e0205124. doi: 10.1371/journal.pone.0205124. ,1515Lagare A, Mainassara HB, Issaka
B, et al. Viral and bacterial etiology of severe acute respiratory illness among children < 5 years of age
without influenza in Niger. BMC Infect Dis. 2015 ;15:515. doi: 10.1186/s12879-015-1251-y.].

Among patient with ILI the AF of influenza, RSV, HMPV and PIV types 1-3 were generally high (range:
68.7%-91.9%); whereas those of adenovirus and enterovirus were generally low (range: 16.4%-46.9%). A simi-
lar pattern was observed among patients with SRI and this has been reported in other studies [16,17,1616Pre-
torius MA, Tempia S, Walaza S, et al. J Clin Virol. The role of influenza, RSV and other common respiratory
viruses in severe acute respiratory infections and influenza-like illness in a population with a high HIV sero-
prevalence, South Africa 2012-2015. J Clin Virol.2016 ;75:21-6. doi: 10.1016/j.jcv.2015.12.004.].

Rhinovirus was the most detected virus among patients with ILI and SRI but its attributable fraction was
moderate (<55% for both syndromes among individuals of any age). The AF of rhinovirus found in this
study was similar to those reported in other studies (range: 39.8%-59.2%) [16,34]. Despite its moderate AF,
the AF-adjusted prevalence of rhinovirus remained the highest (compared with those of other viruses) among
patients of any age with ILI or SRI, due to the high level of detection. This was reported also in another
study conducted in South Africa [34]. Rhinovirus has been well described as one of the most common causes
of common cold [1717Peltola V, Waris M, Osterback R, et al. Clinical effects of rhinovirus infections. J Clin
Virol. 2008 ;43(4):411-4. doi: 10.1016/j.jcv.2008.08.014.]; however, its role as causal agent of more severe
respiratory illness is less well described. In our study, only RSV had an AF-adjusted prevalence higher than
that of rhinovirus among children aged <5 years with SRI. In the PERCH study, RSV had the highest AF
and associated etiological fraction among HIV-uninfected children aged <5 years with severe pneumonia
[2]. In the same study rhinovirus had varying detection frequency and etiological fraction in the different
participating countries [2]. Nonetheless, in the pooled analysis rhinovirus had a moderate, but significant
AF and the second highest etiological fraction (after RSV) among the investigated viruses; which is similar
to the findings of our study. Studies on the etiological fraction of rhinovirus among patients aged >5 years
with SRI are scarce. In our study, the AF-adjusted prevalence of rhinovirus among patients aged >5 years
with SRI was the highest and it was similar to that observed in other South African studies [16,34]. Studies
in this group of patients in other settings are warranted.
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. Among patients with ILI, the rates associated with the different viruses evaluated in this study was highest
among children aged <1 and 1-4 years, with the exception of influenza and adenovirus, where the highest rates
were among individuals aged 5-24 years and PIV type 2 where the highest rates were among individuals
aged [?]65 years. Young children have been described to be particularly susceptible to viral respiratory
infections [1818Cohen C, Walaza S, Moyes J, et al. Epidemiology of viral-associated acute lower respiratory
tract infection among children <5 years of age in a high HIV prevalence setting, South Africa, 2009-2012.
Pediatr Infect Dis J.2015 ;34(1):66-72. doi: 10.1097/INF.0000000000000478.] and a prominent role of school-
aged children and young adults in the transmission of influenza virus has been described in other studies
[1919Cohen C, Kleynhans J, Moyes J, et al. Asymptomatic transmission and high community burden of
seasonal influenza in an urban and a rural community in South Africa, 2017-18 (PHIRST): a population
cohort study. Lancet Glob Health.2021 ;9(6):e863-e874. doi: 10.1016/S2214-109X(21)00141-8.]. Among
patients with SRI the rates associated with the different viruses evaluated in this study was also the highest
among young children, with the exception of PIV type 2 where the highest rates were among individuals
aged [?]65 years. When compared with other viruses, RSV had the highest rates among children aged <5
years; whereas influenza had the highest rates among individuals aged [?]65 years. A heavy burden of these
2 pathogens in these age groups has been described in other studies [18,2020Moyes J, Cohen C, Pretorius
M, et al. Epidemiology of respiratory syncytial virus-associated acute lower respiratory tract infection
hospitalizations among HIV-infected and HIV-uninfected South African children, 2010-2011. J Infect Dis.
2013 ;208 Suppl 3:S217-26. doi: 10.1093/infdis/jit479.].

This study has limitations that warrant discussion. First, the WHO ILI case definition used in this study does
not capture the entire clinical spectrum of mild respiratory illness. This has been well described for influenza
where only 30%-50% of patients with mild influenza illness present with fever and cough [37,2121Furuya-
Kanamori L, Cox M, Milinovich GJ, et al. Heterogeneous and Dynamic Prevalence of Asymptomatic
Influenza Virus Infections. Emerg Infect Dis. 2016 ;22(6):1052-6. doi: 10.3201/eid2206.151080.,2222Ip
DKM, Lau LLH, Leung NHL, et al. Viral Shedding and Transmission Potential of Asymptomatic and Pau-
cisymptomatic Influenza Virus Infections in the Community. Clin Infect Dis. 2017 ;64(6):736-742. doi:
10.1093/cid/ciw841.]. This proportion is poorly understood for other respiratory viruses, but an underesti-
mate of the burden of mild illness associated with the different respiratory viruses is likely to occur when
restricting the identification of cases among patients with ILI. The SRI case definition used in this study is
broader than the SARI case definition recommended by WHO for influenza surveillance, but some severe
respiratory cases may also have been missed using our SRI case definition. Hence, our estimates should be
considered minimum estimates of the total burden of these respiratory viruses. Second we did not test for the
full spectrum of respiratory viruses nor for bacteria and we collected only upper respiratory tract specimens.
This hindered our ability to account for the full spectrum of respiratory pathogens and the results from
multiple specimens (as implemented in other studies such as PERCH) in our analysis. Lastly, studies such
as ours aim to provide a more “accurate” estimate of the disease burden associated with different pathogens
by estimating the fraction of pathogens detection that is not associated with illness using controls. When
the etiological fraction of different pathogens to a syndrome is estimated one pathogen is then “assigned as
the cause” of the observed illness. Nonetheless, there is a potential inherent “bias” in such approach, in that
the observed illness may be the result of the interaction of multiple pathogens [2]. Such limitation should
be acknowledged when interpreting the results of studies like ours and the estimated burden associated to a
specific pathogen should not be considered completely mutually exclusive from those of others. Despite this
limitation, these studies have value to contextualize the detection of different pathogens as causal of an ob-
served illness and to provide an indication of the relative contribution of different pathogens to a syndrome,
whether interaction of different pathogens occurs or not.

In conclusion, there was a substantial burden of ILI and SRI in South Africa before the COVID-19 pandemic.
Our study suggests that, among the investigated viruses, influenza and rhinovirus had a prominent disease
burden among patients with ILI. The results of our study support the results of other studies that identified
RSV as the most prominent cause of severe respiratory illness in children [2]; whereas influenza has a
substantial role in severe respiratory illness in the elderly. The high burden of disease caused by these
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. pathogens lends support to initiatives to accelerate the development of specific preventive interventions such
as vaccination and expanded use of vaccination where vaccines exist. Ongoing surveillance is needed in the
context of the COVID-19 pandemic as mitigation measures have impacted the circulation of respiratory
viruses in South Africa and in other countries globally [2323Tempia S, Walaza S, Bhiman JN, at al. Decline
of influenza and respiratory syncytial virus detection in facility-based surveillance during the COVID-19
pandemic, South Africa, January to October 2020. Euro Surveill. 2021 ;26(29):2001600. doi: 10.2807/1560-
7917.ES.2021.26.29.2001600.,2424Olsen SJ, Azziz-Baumgartner E, Budd AP, et al. Decreased influenza
activity during the COVID-19 pandemic-United States, Australia, Chile, and South Africa, 2020. Am J
Transplant. 2020 ;20(12):3681-3685. doi: 10.1111/ajt.16381.

].
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TABLES

Table 1: Attributable fraction (AF), observed positivity proportion (OPP) and AF-adjusted
positivity proportion (AF-adj. PP) of nine respiratory viruses among outpatients with
influenza-like illness, Klerksdorp and Pietermaritzburg, South Africa, 2013-2015

Age (in
years) Influenza Influenza Influenza RSV RSV RSV

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 91.0 (82.8
to 95.2)

7.3 (34/465) 6.6 78.9 (64.2
to 87.5)

9.9 (46/465) 7.8

1-4 91.0 (82.8
to 95.2)

14.9
(125/839)

13.6 78.9 (64.2
to 87.5)

8.9 (75/839) 7.0

5-24 92.8 (87.5
to 95.9)

17.2
(167/972)

16.0 65.0 (32.4
to 81.9)

2.7 (26/972) 1.8

25-44 92.8 (87.5
to 95.9)

13.1
(129/986)

12.2 65.0 (32.4
to 81.9)

3.1 (31/986) 2.0

45-64 71.4 (33.0
to 87.8)

6.5 (23/354) 4.6 74.2 (11.4
to 92.5)

2.5 (9/354) 1.9

[?]65 71.4 (33.0
to 87.8)

3.6 (2/56) 2.6 74.2 (11.4
to 92.5)

3.6 (2/56) 2.7

All 90.8 (87.0
to 93.6)

13.1
(480/3672)

11.9 74.8 (63.4
to 82.7)

5.1
(189/3672)

3.8

Age (in
years)

Rhinovirus Rhinovirus Rhinovirus HMPV HMPV HMPV

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 42.9 (28.5
to 54.4)

38.3
(178/465)

16.4 79.9 (50.6
to 91.8)

3.0 (14/465) 2.4

1-4 42.9 (28.5
to 54.4)

31.3
(263/839)

13.4 79.9 (50.6
to 91.8)

3.8 (32/839) 3.0

5-24 61.0 (50.8
to 69.1)

25.2
(245/972)

15.4 76.3 (47.9
to 89.2)

3.2 (31/972) 2.4

25-44 61.0 (50.8
to 69.1)

20.2
(199/986)

12.3 76.3 (47.9
to 89.2)

2.1 (21/986) 1.6

45-64 71.7 (54.5
to 82.4)

18.9
(67/354)

13.6 58.0 (-54.9
to 88.6)

2.0 (7/354) 1.2

[?]65 71.7 (54.5
to 82.4)

16.1 (9/56) 11.5 58.0 (-54.9
to 88.6)

1.8 (1/56) 1.0

All 53.1 (45.8
to 59.3)

26.2
(961/3672)

13.9 77.5 (61.7
to 86.7)

2.9
(106/3672)

2.2

Age (in
years)

Adenovirus Adenovirus Adenovirus Enterovirus Enterovirus Enterovirus

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 17.4 (-10.7
to 38.4)

9.5 (44/465) 1.7 43.1 (12.5
to 63.0)

6.9 (32/465) 3.0

1-4 17.4 (-10.7
to 38.4)

19.0
(159/839)

3.3 43.1 (12.5
to 63.0)

7.0 (59/839) 3.0
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. Age (in
years) Influenza Influenza Influenza RSV RSV RSV

5-24 49.4 (22.1
to 67.1)

6.9 (67/972) 3.4 73.7 (33.1
to 89.7)

2.1 (20/972) 1.5

25-44 49.4 (22.1
to 67.1)

4.6 (45/986) 2.3 73.7 (33.1
to 89.7)

1.1 (11/986) 0.8

45-64 37.8 (-70.7
to 77.3)

3.1 (11/354) 1.2 91.5 (-77.0
to 99.6)

0.6 (2/354) 0.5

[?]65 37.8 (-70.7
to 77.3)

1.8 (1/56) 0.7 91.5 (-77.0
to 99.6)

1.8 (1/56) 1.6

All 20.7 (1.7
to 36.0)

8.9
(327/3672)

1.8 45.5 (23.1
to 61.4)

3.4
(125/3672)

1.5

Age (in
years)

PIV types
1-3

PIV types
1-3

PIV types
1-3

PIV type 1 PIV type 1 PIV type 1

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 67.2 (47.1
to 79.7)

8.6 (40/465) 5.8 66.6 (28.6
to 84.4)

2.4 (11/465) 1.6

1-4 67.2 (47.1
to 79.7)

6.6 (55/839) 4.4 66.6 (28.6
to 84.4)

3.3 (28/839) 2.2

5-24 70.6 (41.7
to 85.1)

3.1 (30/972) 2.2 71.1 (7.4
to 91.0)

1.1 (11/972) 0.8

25-44 70.6 (41.7
to 85.1)

2.4 (24/986) 1.7 71.1 (7.4
to 91.0)

0.9 (9/986) 0.6

45-64 80.7 (14.1
to 95.7)

1.4 (5/354) 1.1 63.9 (-164.2
to 95.1)

0.6 (2/354) 0.4

[?]65 80.7 (14.1
to 95.7)

5.4 (3/56) 4.4 63.9 (-164.2
to 95.1)

1.8 (1/56) 1.2

All 67.3 (53.0
to 77.2)

4.3
(157/3672)

2.9 70.2 (45.6
to 83.6)

1.7
(62/3672)

1.2

Age (in
years)

PIV type 2 PIV type 2 PIV type 2 PIV type 3 PIV type 3 PIV type 3

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 41.5 (-94.7
to 82.4)

1.1 (5/465) 0.5 70.5 (42.3
to 84.9)

5.2 (24/465) 3.7

1-4 41.5 (-94.7
to 82.4)

0.7 (6/839) 0.3 70.5 (42.3
to 84.9)

2.5 (21/839) 1.8

5-24 67.2 (-42.8
to 92.5)

0.7 (7/972) 0.5 67.0 (1.05
to 87.2)

1.2 (12/972) 0.8

25-44 67.2 (-42.8
to 92.5)

0.2 (2/986) 0.1 67.0 (15.0
to 87.2)

1.4 (14/986) 0.9

45-64 91.6 (-75.8
to 99.6)

0.3 (1/354) 0.3 65.1 (-196.1
to 95.9)

0.6 (2/354) 0.4

[?]65 91.6 (-75.8
to 99.6)

3.6 (2/56) 3.3 65.1 (-196.1
to 95.9)

1.8 (1/56) 1.2

All 60.5 (2.7
to 84.0)

0.6
(23/3672)

0.4 65.4 (42.8
to 79.1)

2.0
(74/3672)

1.3

Abbreviations: RSV: respiratory syncytial virus; HMPV: human metapneumovirus; PIV: parainfluenza virus.
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a Attributable fraction calculated for individuals aged <5, 5-44 and [?]45 years of age and used to adjust
the observed positivity proportion among individuals aged <1 and 1-4; 5-24 and 25-44 ; and 45-64 and [?]65
years, respectively.

Table 2: Attributable fraction (AF), observed positivity proportion (OPP) and AF-adjusted
positivity proportion (AF-adjusted PP) of nine respiratory viruses among inpatients with
severe respiratory illness, Klerksdorp and Pietermaritzburg, South Africa, 2013-2015

Age (in
years) Influenza Influenza Influenza RSV RSV RSV

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 79.4 (62.7
to 88.7)

4.0
(41/1018)

3.2 92.8 (88.5
to 95.5)

29.4
(299/1018)

27.3

1-4 79.4 (62.7
to 88.7)

7.3 (45/614) 5.8 92.8 (88.5
to 95.5)

13.0
(80/614)

12.1

5-24 71.8 (44.0
to 85.7)

4.2 (14/330) 3.0 43.1 (-22.3
to 73.5)

3.0 (10/330) 1.3

25-44 71.8 (44.0
to 85.7)

4.1
(55/1345)

2.9 43.1 (-22.3
to 73.5)

1.8
(24/1345)

0.8

45-64 59.4 (10.2
to 81.6)

4.1 (34/824) 2.4 54.5 (-45.7
to 85.8)

1.5 (12/824) 0.8

[?]65 59.4 (10.2
to 81.6)

4.8 (11/227) 2.9 54.5 (-45.7
to 85.8)

3.1 (7/227) 1.7

All 73.3 (61.1
to 81.7)

4.6
(200/4358)

3.4 91.9 (88.4
to 94.4)

9.9
(432/4358)

9.1

Age (in
years)

Rhinovirus Rhinovirus Rhinovirus HMPV HMPV HMPV

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 50.5 (38.7
to 60.0)

31.4
(320/1018)

15.9 87.7 (71.7
to 94.6)

4.7
(48/1018)

4.1

1-4 50.5 (38.7
to 60.0)

38.6
(237/614)

19.5 87.7 (71.7
to 94.6)

4.2 (26/614) 3.7

5-24 55.2 (40.9
to 66.0)

27.6
(91/330)

15.2 17.3 (-160.5
to 73.8)

0.6 (2/330) 0.1

25-44 55.2 (40.9
to 66.0)

15.5
(208/1345)

8.6 17.3 (-160.5
to 73.8)

0.7
(10/1345)

0.1

45-64 36.9 (1.6
to 59.5)

10.6
(87/824)

3.9 24.2 (-158.0
to 77.7)

0.7 (6/824) 0.2

[?]65 36.9 (1.6
to 59.5)

8.4 (19/227) 3.1 24.2 (-158.0
to 77.7)

2.2 (5/227) 0.5

All 47.4 (39.0
to 54.6)

22.1
(962/4358)

10.5 78.1 (62.3
to 87.2)

2.2
(97/4358)

1.7

Age (in
years)

Adenovirus Adenovirus Adenovirus Enterovirus Enterovirus Enterovirus

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 39.0 (20.5
to 53.2)

12.5
(127/1018)

4.9 45.9 (19.5
to 63.6)

5.6
(57/1018)

2.6

1-4 39.0 (20.5
to 53.2)

26.9
(165/614)

10.5 45.9 (19.5
to 63.6)

9.0 (55/614) 4.1

14



P
os

te
d

on
A

u
th

or
ea

16
N

ov
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

70
69

08
.8

05
35

62
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Age (in
years) Influenza Influenza Influenza RSV RSV RSV

5-24 29.5 (-19.0
to 58.2)

3.6 (12/330) 1.1 80.0 (40.4
to 93.3)

2.1 (7/330) 1.7

25-44 29.5 (-19.0
to 58.2)

4.0
(54/1345)

1.2 80.0 (40.4
to 93.3)

0.7
(10/1345)

0.6

45-64 29.1 (-71.8
to 70.7)

2.4 (20/824) 0.7 82.9 (-225.6
to 99.1)

0.2 (2/824) 0.2

[?]65 29.1 (-71.8
to 70.7)

3.1 (7/227) 0.9 82.9 (-225.6
to 99.1)

0.9 (2/227) 0.7

All 26.4 (9.0
to 40.5)

8.8
(385/4358)

2.3 46.9 (24.7
to 62.6)

3.1
(133/4358)

1.5

Age (in
years)

PIV types
1-3

PIV types
1-3

PIV types
1-3

PIV type 1 PIV type 1 PIV type 1

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 66.3 (47.7
to 78.3)

7.7
(78/1018)

5.1 55.8 (6.0
to 79.2)

1.9
(19/1018)

1.1

1-4 66.3 (47.7
to 78.3)

8.3 (51/614) 5.5 55.8 (6.0
to 79.2)

2.8 (17/614) 1.6

5-24 50.7 (-6.5 to
77.2)

3.0 (10/330) 1.5 64.0 (-27.3
to 89.8)

1.2 (4/330) 0.8

25-44 50.7 (-6.5 to
77.2)

2.2
(30/1345)

1.1 64.0 (-27.3
to 89.8)

0.9
(12/1345)

0.6

45-64 64.5 (-36.2
to 90.7)

1.5 (12/824) 1.0 17.5 (-447.8
to 87.6)

0.4 (3/824) 0.1

[?]65 64.5 (-36.2
to 90.7)

2.6 (6/227) 1.7 17.5 (-447.8
to 87.6)

0.9 (2/227) 0.2

All 68.7 (55.1
to 78.2)

4.3
(187/4358)

3.0 62.7 (31.0
to 79.9)

1.3
(57/4358)

0.8

Age (in
years)

PIV type 2 PIV type 2 PIV type 2 PIV type 3 PIV type 3 PIV type 3

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

AFa (95%
CI)

OPP %
(n/N)

AF-adj.
PP %

<1 36.0 (-112.9
to 80.7)

0.3 (3/1018) 0.1 72.9 (51.5
to 84.9)

5.8
(59/1018)

4.2

1-4 36.0 (-112.9
to 80.7)

1.1 (7/614) 0.4 72.9 (51.5
to 84.9)

4.4 (27/614) 3.2

5-24 34.9 (-194.4
to 85.6)

0.9 (3/330) 0.3 31.8 (-124.3
to 79.3)

0.9 (3/330) 0.3

25-44 34.9 (-194.4
to 85.6)

0.5 (7/1345) 0.2 31.8 (-124.3
to 79.3)

0.8
(11/1345)

0.3

45-64 75.5 (-352.0
to 98.7)

0.5 (4/824) 0.4 58.1 (-144.8
to 92.8)

0.6 (5/824) 0.3

[?]65 75.5 (-352.0
to 98.7)

0.4 (1/227) 0.3 58.1 (-144.8
to 92.8)

1.3 (3/227) 0.8

All 53.0 (-14.5
to 80.7)

0.6
(25/4358)

0.3 73.5 (56.6
to 83.8)

2.5
(108/4358)

1.8

Abbreviations: RSV: respiratory syncytial virus; HMPV: human metapneumovirus; PIV: parainfluenza virus.
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a Attributable fraction calculated for individuals aged <5, 5-44 and [?]45 years of age and used to adjust
the observed positivity proportion among individuals aged <1 and 1-4; 5-24 and 25-44 ; and 45-64 and [?]65
years, respectively.

FIGURES

Figure 1: Circulation patterns of nine respiratory viruses, Klerksdorp and Pietermaritzburg,
South Africa, 2013-2015

Figure 2: National estimates of mean annual rates of medically- and non-medically attended
influenza-like illness (ILI) and severe respiratory illness (SRI) associated with seven respiratory
viruses in South Africa, 2013-2015 [INF: influenza virus; RSV: respiratory syncytial virus, RV:
rhinovirus; HMPV: human metapneumovirus, PIV (1-3): parainfluenza virus types 1-3; AV:
adenovirus; EV: enterovirus]

Figure 3: National estimates of mean annual rate of any medically- and non-medically attended
influenza-like illness (ILI) and those associated with seven respiratory viruses by age groups
in South Africa, 2013-2015

Figure 4: National estimates of mean annual rate of any medically- and non-medically attended
severe respiratory illness (SRI) and those associated with seven respiratory viruses by age
groups in South Africa, 2013-2015

Figure 5: National estimates of mean annual rates of medically- and non-medically attended
influenza-like illness (ILI) and severe respiratory illness (SRI) associated with parainfluenza
virus types 1-3 by age groups in South Africa, 2013-2015
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