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Background. Parainﬂuenza virus (PIV) is a common cause of acute respiratory tract infections, but little is
known about PIV infection in children and adults in Africa, especially in settings where human immunodeﬁciency
virus (HIV) prevalence is high.
Methods. We conducted active, prospective sentinel surveillance for children and adults hospitalized with severe
acute respiratory illness (SARI) from 2009 to 2014 in South Africa. We enrolled controls (outpatients without febrile
or respiratory illness) to calculate the attributable fraction for PIV infection. Respiratory specimens were tested by
multiplex real-time reverse-transcription polymerase chain reaction assay for parainﬂuenza types 1, 2, and 3.
Results. Of 18 282 SARI cases enrolled, 1188 (6.5%) tested positive for any PIV type: 230 (19.4%) were type 1;
168 (14.1%) were type 2; 762 (64.1%) were type 3; and 28 (2.4%) had coinfection with 2 PIV types. After adjusting for
age, HIV serostatus, and respiratory viral coinfection, the attributable fraction for PIV was 65.6% (95% CI [conﬁdence interval], 47.1–77.7); PIV contributed to SARI among HIV-infected and -uninfected children <5 years of
age and among individuals infected with PIV types 1 and 3. The observed overall incidence of PIV-associated
SARI was 38 (95% CI, 36–39) cases per 100 000 population and was highest in children <1 year of age (925 [95%
CI, 864–989] cases per 100 000 population). Compared with persons without HIV, persons with HIV had an
increased relative risk of PIV hospitalization (9.4; 95% CI, 8.5–10.3).
Conclusions. Parainﬂuenza virus causes substantial severe respiratory disease in South Africa among children
<5 years of age, especially those that are infected with HIV.
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Hospitals, rural sites in Mpumalanga Province). In June 2010, an
additional surveillance site was introduced at the KlerksdorpTshepong Hospital Complex, periurban sites in North West
Province. We stopped enrolling at CHBAH in December of
2013. In addition to SARI cases, controls were enrolled from
May 2012 at 2 outpatient clinics serving the same population
as 2 of the SARI sentinel sites: Edendale Hospital Gateway
Clinic, KwaZulu-Natal Province, and Jouberton Clinic, North
West Province. The case deﬁnitions used and enrollment procedures for both SARI cases and controls are described fully in the
Supplementary Material.
This surveillance, including testing for inﬂuenza and HIV,
received human subjects review and ethics approval by the
Universities of the Witwatersrand, KwaZulu-Natal, and Pretoria, all of South Africa. The Centers for Disease Control and
Prevention (Atlanta, GA) deemed this a nonresearch, surveillance activity.
Laboratory Methods

Nasopharyngeal aspirates from patients aged <5 years and
nasopharyngeal and throat swabs from patients aged ≥5 years
were placed in viral transport media, kept at 4–8°C, and sent
to the National Institute for Communicable Diseases (NICD)
in Johannesburg within 72 hours of collection. Respiratory
specimens were tested by multiplex real-time, reversetranscription polymerase chain reaction (PCR) assay for 10 respiratory viruses (PIV types 1, 2, and 3; respiratory syncytial
virus [RSV]; inﬂuenza A and B viruses; enterovirus; human
metapneumovirus; adenovirus, and rhinovirus) [17]. We did
not test for PIV type 4 during the study period. We did not
test for adenovirus from August to October 2009 because of unavailability of reagents. Streptococcus pneumoniae was identiﬁed
by quantitative real-time PCR detecting the lytA gene from
whole blood specimens [20]. When available, HIV-infection
status data were obtained through routine standard of care testing at the treating hospital. When not available, HIV testing was
implemented at NICD through anonymized, linked dried blood
spot specimen testing by HIV PCR assay for children aged <18
months and by enzyme-linked immunosorbent assay for those
aged ≥18 months.

METHODS
Data Analysis
Setting and Time Period

We conducted surveillance for children and adults hospitalized
with pneumonia through the Severe Acute Respiratory Illness
(SARI) Program, an active, prospective, sentinel hospitalbased surveillance system in 4 provinces in South Africa, as described previously [13]. In February 2009, SARI surveillance
began in 3 of the 9 provinces of South Africa (Chris HaniBaragwanath Academic Hospital [CHBAH], an urban site in
Gauteng Province; Edendale Hospital, a periurban site in
KwaZulu-Natal Province; and Matikwana and Mapulaneng
2
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We conducted 3 multivariable logistic regression models. In our
ﬁrst analysis, we implemented univariate and multivariable
logistic regression models to determine the association of PIV
infection with SARI (for all types together and for each viral
type separately) compared with controls enrolled from May
2012 to December 2014 at the sites in KwaZulu-Natal and
North West Provinces. For the estimation of association with
SARI, we conducted an overall analysis adjusting for age, HIV
serostatus, respiratory viral coinfection, and underlying illness
and subanalyses stratifying by age and HIV serostatus and
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Parainﬂuenza virus (PIV) is a paramyxovirus commonly
detected in patients with respiratory illness, such as upper respiratory tract infections, laryngotracheobronchitis (croup), or
pneumonia. There are 4 distinct types: 1, 2, 3, and 4. Parainﬂuenza virus infection is most common in childhood, and
serologic surveys have shown that nearly all children have antibodies to PIV by 5 years of age [1, 2]. Parainﬂuenza virus is
associated with 3%–10% of hospitalized respiratory tract infections in children and adults [3–10]. Parainﬂuenza virus infections occur throughout the year, but there are recognized
patterns of seasonality associated with different types [11].
The clinical signiﬁcance of identifying PIV infection among
patients with respiratory illness does not necessarily imply
causation because the virus may be found in individuals
without respiratory symptoms [12].
In South Africa, human immunodeﬁciency virus (HIV) is
prevalent, which impacts respiratory disease burden [13]. In
2009, the national HIV prevalence estimate among children
<5 years was 4.1% and decreased to 3.5% by 2013; the HIV
prevalence among adults ≥18 years of age was approximately
16.0% during the same time [14]. A study from Soweto prior
to availability of antiretroviral therapy (ART) found that
HIV-infected children with PIV-associated lower respiratory
tract infection had greater morbidity and mortality than HIVuninfected children [15]. A more recent study from Cape Town
found that PIV was associated with 12% of viral-associated pediatric intensive care unit admissions [16]. Previous studies
from our group have detected PIV in 2.8% of adults and 9.4%
of children hospitalized with severe acute respiratory illness
[17–19].
Little is known about the epidemiology of PIV infection, including its association with illness and its clinical manifestation
among both HIV-infected and -uninfected children and adults
in South Africa, especially in the era of ART management. In
this study, we aimed to describe the epidemiological and clinical
characteristics of HIV-infected and -uninfected children and
adults hospitalized with PIV-associated pneumonia in South
Africa. In addition, we compared the prevalence of PIV detection with controls for better interpretation of surveillance data.

RESULTS
Demographic and Clinical Characteristics of Parainﬂuenza
Virus-Associated Severe Acute Respiratory Illness

Of 22 351 SARI cases screened in surveillance from 2009 to
2014, 18 715 (83.7%) SARI cases were enrolled. Of these,
18 282 (97.7%) were tested for PIV. The majority of SARI patients was of black race (98.1%, 18 165 of 18 519) and enrolled
at CHBAH (66.1%, 12 372 of 18 715). Of the SARI cases tested
for PIV, 1188 (6.5%) tested positive for any PIV type: 230
(19.4%) were solely type 1, 168 (14.1%) were solely type 2,
and 762 (64.1%) were solely type 3. Coinfection with 2 types
of PIV occurred in 28 (2.4%) patients: 3 (0.3%) tested positive

for both types 1 and 2, 13 (1.1%) for types 1 and 3, and 12
(1.0%) for both 2 and 3. Children <5 years of age were more
likely to test positive for PIV (9.2%, 963 of 10 448) than individuals aged ≥5 years (2.8%, 214 of 7737, P < .001). Males
were slightly more likely to test positive for PIV (7.1%, 637
of 9018) than females (5.9%, 540 of 9168, P = .001). The
SARI patients who died in hospital were less likely to test
positive for PIV (4.0%, 29 of 717) than those who did not
(6.6%, 1142 of 17316, P = .007). There were no differences
in percentage testing positive by race or surveillance site
(data not shown).
Human immunodeﬁciency virus status was determined for
14 287 (76.3%) of SARI cases, of which 5829 (40.8%) were infected with HIV. Most of the patients with missing HIV status
were children <5 years of age (30.6% [3290 of 10 754], compared with 13.3% [1038 of 7830] for individuals ≥5 years of
age). On univariate analysis, SARI patients that were HIVinfected were less likely to test positive for PIV (4.0%, 230 of
5794) than those that were HIV-uninfected (7.6%, 635 of
8365, P < .001).
Attributable Fraction

During the time period when controls were enrolled (May
2012–December 2014), 1472 SARI cases were enrolled. For
controls, 19 929 were screened and 1538 (7.7%) were enrolled.
Overall, 97 (6.6%) of the cases and 28 (1.8%) of the controls
tested positive for PIV (Table 1). The overall PIV AF was
65.6% (95% conﬁdence interval [CI], 47.1–77.7), after adjusting
for age, HIV serostatus, respiratory viral coinfection, and underlying illness, suggesting that more than two-thirds of PIVassociated SARI cases could be attributed to PIV infection. A
statistically signiﬁcant AF was seen among both HIV-infected
(57.1%; 95% CI, 9.9–76.1) and HIV-uninfected individuals of
any age (76.1%; 95% CI, 60.9–98.7); although the point estimates are different, the CIs overlap. The AF was highest
among young children and older adults, although it was only
statistically signiﬁcant among children <5 years of age (for <1
year, 64.9%, 95% CI, 25.4–85.3; for 1–4 years, 77.3%, 95% CI,
46.2–90.3); this same association among children <5 years of
age was seen among both HIV-infected and -uninfected
individuals.
We then calculated the AF for PIV types 1, 2, and 3 separately. The AF was 73.1% (95% CI, 41.2–87.8) for PIV
type 1, 61.1% (95% CI, 0–92.9) for PIV type 2, and 60.3%
(95% CI, 33.3–76.5) for PIV type 3. The age and HIV-status
subgroup analysis results for PIV types 1 and 3 separately
were similar to those found for parainﬂuenza overall, except
that some subgroup analyses involved smaller numbers of
subjects and were not statistically signiﬁcant (data not
shown). We did not conduct the subgroup analysis for PIV
type 2 because it was not found to be statistically associated
with disease.
Parainﬂuenza Illness in South Africa
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adjusting for respiratory viral coinfection and underlying
illness. Then, we estimated the attributable fraction (AF) from
the odds ratio (OR) obtained from the multivariable model
using the following formula: AF = (OR-1)/OR × 100. In our second analysis, univariate and multivariable logistic regression
was used to determine factors associated with HIV infection
among patients with PIV-associated SARI from January 2009
to December 2014 at all SARI sites. In our third analysis, we
used multinomial regression to compare and contrast demographic and clinical characteristics and severity among patients
infected with the 3 PIV types. For the multinomial analysis, we
used PIV type 3 as the baseline category because type 3 is most
common.
The second and third analyses models were built using manual backward elimination in which nonsigniﬁcant variables
were removed from the model one at a time starting with the
variables with smallest magnitude of effect until all remaining
variables had a P value of <.05. Covariates with a P value of
<.2 at univariate analysis were assessed for signiﬁcance with
multivariable analysis; statistical signiﬁcance was assessed at
P < .05 for all multivariable models. Two-way interactions
were assessed by inclusion of product terms for all variables remaining in the ﬁnal additive models. For each univariate analysis, we used all available case information. For important
variables in the HIV association and AF analyses that had substantial missing data, namely HIV infection status, we multiply
imputed that variable as well as any variables that were incomplete and associated with HIV using chained equation multiple
imputation over 10 iterations. When adjusting for respiratory
viral coinfection in our models, we evaluated coinfection with
each virus separately and also as a combined variable of coinfection with any of the tested viruses.
Calculation of observed incidence and incidence adjusted for
AF of PIV-associated SARI hospitalizations was done for 1
study site (CHBAH) where population denominators were
available, as described previously [13]. A complete description
of the incidence calculation methods can be found in the Supplementary Material.

Table 1. Association of Parainﬂuenza Virus Infection With Severe Disease Comparing SARI Cases to Controls, by Age and HIV Serostatus
—South Africa, 2012–2014
Parainfluenza Detection Rate
Age Groups (in Years)

SARI Cases n/N (%)

HIV-Infected and -Uninfected Individualsa
<1
59/699 (8.4)
1–4
5–24
25–54
≥55
All ages
HIV-Infected Individualsd

Adjusted Odds Ratio (95% CI)

Attributable Fraction (95% CI)

9/213 (4.2)

2.85 (1.34–6.80)

64.9 (25.4–85.3)

30/377 (8.0)

10/357 (2.8)

4.40 (1.86–10.30)

77.3 (46.2–90.3)

3/98 (3.1)
3/230 (1.3)

6/395 (1.5)
3/322 (0.9)

2.14 (.33–10.49)
1.30 (.16–10.65)

53.3 (0–90.5)
23.1 (0–90.6)

0/251 (0)

7.59 (.56–∞)b

86.8 (0–∞)

2.91 (1.89–4.48)

65.6 (47.1–77.7)

2/68 (2.9)
c

Controls n/N (%)

97/1472 (6.6)

28/1538 (1.8)

6/71 (8.5)

1/24 (4.2)

2.11 (.24–101.72)

52.6 (0–99.0)

1–4
5–24

8/59 (13.6)
1/42 (2.4)

6/168 (3.6)
3/188 (1.6)

3.91 (1.10–14.84)
1.22 (.02–16.12)

74.4 (9.1–93.3)
18.0 (0–93.8)

2/199 (1.0)

3/189 (1.6)

0.67 (.05–6.01)

0 (0–83.4)

1/25 (4.0)
18/396 (4.6)

0/94 (0)
13/663 (2.0)

1.88 (.05–∞)b
2.33 (1.11–4.18)

46.8 (0–∞)
57.1 (9.9–76.1)

53/628 (8.4)
22/318 (6.9)

8/189 (4.2)
4/189 (2.1)

3.16 (1.41–8.09)
4.88 (1.49–21.13)

68.4 (29.1–87.6)
79.5 (32.9–95.3)

5–24

2/56 (3.6)

3/207 (1.5)

4.08 (.32–37.95)

75.5 (0–97.4)

25–54
≥55

1/31 (3.2)
1/43 (2.3)

0/133 (0)
0/157 (0)

4.57 (.12–∞)b
4.40 (.11–∞)b

78.1 (0–∞)
77.3 (0–∞)

4.19 (2.56–7.79)

76.1 (60.9–98.7)

25–54
≥55
All agesc
HIV-Uninfected Individualsd
<1
1–4

All agesc

79/1076 (7.3)

15/875 (1.7)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; SARI, severe acute respiratory illness.
a

Odds ratio adjusted for HIV serostatus, respiratory viral coinfection, and underlying illness.

b

Exact logistic regression used because of zero cells.

c

Multiply imputed dataset used to address missing data; the original dataset was used for the other subanalyses in this table because the numbers in separate strata
were too small for regression on a multiply imputed dataset.

d

Odds ratio adjusted for respiratory viral coinfection and underlying illness.

Factors Associated With Human Immunodeﬁciency Virus
Infection and Viral Type

Most (81.8%, 1043 of 1188) patients with PIV-associated SARI
were <5 years of age, the group for which we found a statistically
signiﬁcant and substantial AF. Twelve percent (11.9%, 80 of
675) of children <5 years of age with PIV-associated SARI
were infected with HIV (Table 2). The case-fatality rate among
children <5 years of age was 1.6% (15 of 952). On multivariable
analysis among children <5 years of age with PIV-associated
SARI, HIV-infected children were more likely to be older (adjusted OR [aOR] 2.4, 95% CI, 1.4–4.0, for 1- to 4-year-olds compared with <1-year-olds) and have pneumococcal coinfection
(aOR 4.8, 95% CI, 2.0–11.6; Table 2) than HIV-uninfected children. Among children, HIV-infection was neither more nor less
likely to be associated with prolonged hospitalization ≥3 days or
death; both outcomes were not statistically signiﬁcantly associated with HIV-infection on multivariable analysis and were not
included in the ﬁnal model. Compared with children <5 years of
age, individuals ≥5 years of age with PIV-associated SARI had a
4
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higher rate of HIV infection (79.0% [150 of 190] in ≥5 years
and 11.9% [80 of 675] in <5 years, P < .001) and higher case/
fatality ratio (6.4% [14 of 219] in ≥5 years and 1.6% [15 of 952]
in <5 years, P < .001; Tables 2 and 3). On multivariable analysis
among individuals ≥5 years of age with PIV-associated SARI,
HIV-infected individuals were more likely to be young adults
25–44 years of age (aOR 5.2, 95% CI, 1.7–15.7), compared
with children and young adults (5–24 years of age), and less
likely to have an underlying illness other than HIV (aOR 0.2,
95% CI, .1–.8; Table 3).
When we compared epidemiologic and clinical characteristics of the 3 PIV types, we found statistically signiﬁcant differences in age, year of infection, and coinfection with other
respiratory viruses (Supplementary Table 1). On multivariable
multinomial analysis, patients with PIV type 3 infection were
more likely to be <1 year of age and patients with PIV type 2
infection were more likely to be 5–44 years of age, compared
with patients with other PIV types. Compared with SARI
patients with PIV type 3 infection, patients with either type
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Table 2. Clinical and Epidemiologic Characteristics Associated With Being HIV-Infected Among Children <5 Years of Age Hospitalized
With PIV-Associated Severe Acute Respiratory Illness at 4 Sentinel Surveillance Sites—South Africa, 2009–2014a

Characteristic

All Parainfluenza
Patients n/N (%)

HIV-Infected
n/N (%)

HIV-Uninfected
n/N (%)

Crude Odds Ratio
(95% CI)b

Adjusted Odds Ratio
(95% CI)b

Demographic characteristics
Age group
<1 year

609/963 (63.2)

37/80 (46.3)

407/595 (68.4)

Reference

Reference

1–4 years

354/963 (36.8)

43/80 (53.8)

188/595 (31.6)

2.3 (1.4–3.8)

2.4 (1.4–4.0)

Male sex

571/963 (59.3)

42/80 (52.5)

346/595 (58.2)

1.2 (.8–1.9)

Black race

946/959 (98.6)

79/80 (98.8)

586/594 (98.7)

0.9 (.1–6.5)

Hospital site
CHBAH

622/963 (64.6)

31/80 (38.8)

369/595 (62.1)

Reference

Reference

Matikwane/Mapulaneng

135/963 (14.0)

20/80 (25.0)

88/595 (14.8)

2.5 (1.4–4.3)

2.1 (1.2–3.8)

Edendale

126/963 (13.1)

14/80 (17.5)

89/595 (15.0)

1.8 (.9–3.7)

1.7 (.8–3.6)

80/963 (8.3)

15/80 (18.8)

49/595 (8.2)

3.4 (1.7–6.7)

3.4 (1.7–6.8)

2009

232/963 (24.1)

15/80 (18.8)

102/595 (17.1)

2010

146/963 (15.2)

16/80 (20.0)

98/595 (16.5)

1.2 (.6–2.7)

2011

273/963 (28.4)

22/80 (27.5)

197/595 (33.1)

0.9 (.4–1.8)

2012

146/963 (15.2)

9/80 (11.3)

93/595 (15.6)

0.9 (.4–2.0)

2013

122/963 (12.7)

11/80 (13.8)

80/595 (13.5)

1.1 (.5–2.6)

2014

44/963 (4.6)

7/80 (8.8)

25/595 (4.2)

2.1 (.8–5.6)

KTHC
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Year
Reference

Coinfections and underlying medical conditions
HIV infection

80/675 (11.9)

Not applicable

Not applicable

Underlying illness (excluding HIV
and tuberculosis infection)c

49/962 (5.1)

4/80 (5.0)

30/595 (5.0)

Not applicable
1.2 (.4–3.7)

Prematurity (<37 weeks
gestational age at birth)

36/962 (3.7)

3/80 (3.8)

25/595 (4.2)

0.9 (.2–3.4)

4.6 (2.0–10.4)

Bacterial or viral respiratory coinfection
Pneumococcal coinfection on PCR

66/734 (9.0)

12/60 (20.0)

23/439 (5.2)

567/915 (62.0)

45/79 (57.0)

333/563 (59.2)

0.9 (.6–1.4)

Respiratory syncytial virus

88/963 (9.1)

6/80 (7.5)

50/595 (8.4)

0.8 (.4–1.8)

Influenza

35/963 (3.6)

2/80 (2.5)

21/595 (3.5)

0.9 (.2–3.0)

Adenovirus

211/859 (24.6)

19/75 (25.3)

121/538 (22.5)

1.1 (.6–1.9)

Rhinovirus

313/963 (32.5)

29/80 (36.3)

179/595 (30.1)

1.2 (.8–1.9)

Enterovirus

104/963 (10.8)

7/80 (8.8)

57/595 (9.6)

0.9 (.4–1.9)

27/963 (2.8)

2/80 (2.5)

17/595 (2.9)

0.7 (.2–3.0)

Symptoms ≥3 days before
admission

271/952 (28.5)

26/78 (33.3)

169/587 (28.8)

1.2 (.7–1.8)

Fever (temperature ≥38°C)

697/958 (72.8)

59/80 (73.8)

423/591 (71.6)

1.1 (.6–1.8)

Admission to intensive care

11/947 (1.2)

Any viral respiratory coinfectiond

Human metapneumovirus

4.8 (2.0–11.6)

Clinical presentation and course

0/77 (0)

10/589 (1.7)

0.5 (–3.4)e

Oxygen therapy

332/947 (35.1)

33/77 (42.9)

203/589 (34.5)

1.4 (.8–2.2)

Antibiotics prescribed on
admission

859/941 (91.3)

76/77 (98.7)

533/581 (91.7)

2.8 (.6–13.3)

464/945 (49.1)

51/77 (66.2)

295/586 (50.3)

1.8 (1.1–2.9)

3/78 (3.9)

7/591 (1.2)

2.5 (.7–9.3)

Outcome
Prolonged hospitalization (≥3 days)
In-hospital death (case/fatality
ratio)

15/952 (1.6%)

Abbreviations: CHBAH, Chris Hani-Baragwanath Academic Hospital; CI, confidence interval; HIV, human immunodeficiency virus; KTHC, Klerksdorp-Tshepong
Hospital Complex; PCR, polymerase chain reaction; PIV, parainfluenza virus.
a
Adjusted odds ratios are only shown if those variables were included in the final multivariable model.
b
Crude and adjusted odds ratios used a dataset where multiple imputation was used to complete variables that were statistically significantly associated with HIV
status or had high rates of missingness: age group, hospital site, and pneumococcal coinfection.
c
Asthma, other chronic lung disease, chronic heart disease, liver disease, renal disease, diabetes mellitus, obesity, immunocompromising conditions (excluding HIV
infection), neurologic disease, prematurity, kwashiorkor. These conditions were considered absent if recorded as such or if there was no direct mention of the
condition in the medical records.
d
Coinfection with PIV and ≥1 of the following: adenovirus, enterovirus, influenza A and B viruses, respiratory syncytial virus, human metapneumovirus, and
rhinovirus. Adenovirus testing was not done August–October 2009.
e
Nonmulitply imputed dataset used; exact logistic regression for zero cells unable to be used with multiple imputation.
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Table 3. Clinical and Epidemiologic Characteristics Associated With Being HIV-Infected Among Children ≥5 Years of Age and Adults
Hospitalized With PIV-Associated Severe Acute Respiratory Illness at 4 Sentinel Surveillance Sites—South Africa, 2009–2014a

Characteristic

All Parainfluenza
Patients, n/N (%)

HIV-Infected,
n/N (%)

HIV-Uninfected,
n/N (%)

Crude Odds
Ratiob (95% CI)

Adjusted Odds
Ratiob (95% CI)

Demographic characteristics
Age group
5–24 years

46/214 (21.5)

24/150 (16.0)

11/38 (29.0)

Reference

Reference

109/214 (50.9)

89/150 (75.3)

7/38 (18.4)

5.6 (1.9–16.3)

5.2 (1.7–15.7)

45–64 years

45/214 (21.0)

34/150 (22.7)

10/38 (26.3)

1.5 (.5–4.0)

1.9 (.6–5.9)

≥65 years

14/214 (6.5)

3/150 (2.0)

10/38 (26.3)

0.1 (0–.6)

0.2 (0–.8)

Male sex

66/214 (30.8)

39/150 (26.0)

16/38 (42.1)

2.3 (1.0–5.0)c

2.9 (1.1–8.0)

Black race

208/212 (98.1)

148/150 (98.7)

34/36 (94.4)

0.2 (0–1.7)

25−44 years

Site
CHBAH

117/150 (78.0)

28/40 (70.0)

29/225 (12.9)

19/150 (12.7)

6/40 (15.0)

0.8 (.3–2.2)

Edendale

18/225 (8.0)

12/150 (8.0)

2/40 (5.0)

1.1 (.3–4.4)

6/225 (2.7)

2/150 (1.3)

4/40 (10.0)

0.1 (0–.7)

2009

66/225 (29.3)

42/150 (28.0)

9/40 (22.5)

2010

49/225 (21.8)

39/150 (26.0)

5/40 (12.5)

2011

56/225 (24.9)

40/150 (26.7)

14/40 (35.0)

0.6 (.2–1.6)

2012

36/225 (16.0)

20/150 (13.3)

8/40 (20.0)

0.5 (.2–1.5)

2013

13/225 (5.8)

8/150 (5.3)

2/40 (5.0)

0.9 (.2–4.4)

2014

5/225 (2.2)

1/150 (0.7)

2/40 (5.0)

0.2 (0–1.7)d

150/190 (79.0)

Not applicable

Not applicable

21/214 (9.8)

9/150 (6.0)

12/38 (31.6)

KTHC

Reference

Year
Reference
1.4 (.5–4.6)

Coinfections and underlying medical conditions
HIV infection
Underlying illness (excluding HIV and
tuberculosis infection)d

Not applicable
0.1 (.1–.4)

0.2 (.1–.8)

Bacterial or viral respiratory coinfection
Pneumococcal coinfection on PCR

31/199 (15.6)

26/149 (17.5)

3/38 (7.9)

2.4 (.7–8.6)

Any viral respiratory coinfectione

68/196 (34.7)

39/129 (30.2)

9/35 (25.7)

1.1 (.5–2.4)

Respiratory syncytial virus

11/225 (4.9)

6/150 (4.0)

1/40 (2.5)

1.0 (.1–7.1)

Influenza

16/225 (7.1)

13/150 (8.7)

2/40 (5.0)

1.8 (.4–8.1)

Adenovirus

20/189 (10.6)

9/123 (7.3)

4/34 (11.8)

0.7 (.2–2.4)

Rhinovirus

39/225 (17.3)

22/150 (14.7)

5/40 (12.5)

1.0 (.4–2.7)

Enterovirus

2/225 (0.9)

1/150 (0.7)

0/40 (0)

0.3 (0–∞)f

Human metapneumovirus

2/225 (0.9)

1/150 (0.7)

0/40 (0)

0.3 (0–∞)f

Clinical presentation and course
Symptoms ≥3 days before admission

136/209 (65.1)

99/146 (67.8)

23/37 (62.2)

1.4 (.7–3.0)

Fever (temperature ≥38°C)

191/212 (90.1)

137/148 (92.6)

31/38 (81.6)

2.4 (.9–6.5)

Admission to intensive care
Oxygen therapy

0/220 (0)

0/150 (0)

0/39 (0)

Uncalculable

83/220 (37.7)

59/150 (39.3)

13/39 (33.3)

203/208 (97.6)

147/148 (99.3)

35/37 (94.6)

Prolonged hospitalization (≥3 days)

182/214 (85.1)

136/150 (90.7)

29/38 (76.3)

3.3 (1.4–8.0)

In-hospital death (case/fatality ratio)

14/219 (6.4)

10/149 (6.7)

2/38 (5.3)

1.4 (.3–6.3)

Antibiotics prescribed on admission

1.4 (.7–3.0)
10.5 (1.1–105.1)

Outcome

Abbreviations: CHBAH, Chris Hani-Baragwanath Academic Hospital; CI, confidence interval; HIV, human immunodeficiency virus; KTHC, Klerksdorp-Tshepong
Hospital Complex; PCR, polymerase chain reaction; PIV, parainfluenza virus.
a

Adjusted odds ratios are only shown if those variables were included in the final multivariable model.

b

Crude and adjusted odds ratios used a dataset where multiple imputation was to complete variables that were statistically significantly associated with HIV status or
had high rates of missingness: age group and underlying illness.

c

P > .05.

d

Asthma, other chronic lung disease, chronic heart disease, liver disease, renal disease, diabetes mellitus, obesity, immunocompromising conditions (excluding HIV
infection), neurologic disease, prematurity, kwashiorkor. These conditions were considered absent if recorded as such or if there was no direct mention of the
condition in the medical records.

e

Coinfection with PIV and ≥1 of the following: adenovirus, enterovirus, influenza A and B viruses, respiratory syncytial virus, human metapneumovirus, and
rhinovirus. Adenovirus testing was not done August–October 2009.

f

Nonmulitply imputed dataset used; exact logistic regression for small numbers unable to be used with multiple imputation.
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172/225 (76.4)

Matikwane/Mapulaneng

1 or 2 infection were more likely to be coinfected with RSV (for
type 1, aOR 2.2, 95% CI, 1.3–3.7; for type 2, aOR 3.3, 95% CI,
1.9–5.7). In addition, patients with PIV type 2 infection were
more likely to be coinfected with rhinovirus (aOR 2.0, 95%
CI, 1.3–2.8) or enterovirus (aOR 2.6, 95% CI, 1.5–4.4) than
patients with type 3 infection.

(8.9%, 298 of 3 347), 2011 (8.5%, 329 of 3 883), and 2013
(8.1%, 135 of 1 666), and lower proportion in 2010 (5.2%, 195
of 3745), 2012 (4.9%, 182 of 3701), and 2014 (6.6%, 49 of 744;
P < .001).

Incidence

Parainﬂuenza virus is associated with a signiﬁcant amount of
severe respiratory disease in South Africa among children <5
years of age, especially those that are infected with HIV. The evidence for this is based on 2 of our ﬁndings: the AF and the observed incidence. Among children <5 years of age, a substantial
amount of SARI is attributable to PIV, particularly types 1 and
3. The observed incidence of PIV in Soweto, South Africa, is
much higher among HIV-infected individuals and is similar
to other respiratory viral pathogens such as inﬂuenza and
human metapneumovirus [13, 17]. Clinicians should recognize
PIV as a common cause of respiratory illness in children during
the spring season, especially among children that are infected
with HIV, and interventions should be developed to prevent
and treat PIV disease.
As we found in South Africa, studies from across the globe
have found that PIV is associated with up to 10% of inpatient
respiratory illness, particularly among the very young. This has
been found in Bangladesh [21], China [5, 22], Thailand [23], the
United States [3, 4], and in multiple countries across the African
continent. In Kenya, 5.6% of individuals ≥5 years of age hospitalized with pneumonia had PIV types 1–3 detected [6]. In
Ghana, 3.1% of children hospitalized with acute lower respiratory tract infection had PIV types 1–3 [7]. In Mozambique,
4.8% of infants <1 year and 5.1% of children <5 years of age
hospitalized with acute respiratory illness tested positive for
PIV [8, 24].
It can be difﬁcult to attribute respiratory disease to a speciﬁc
pathogen. Molecular tests may identify viruses in respiratory
specimens that may not be causing illness, and coinfection

Seasonality and Annual Trends

The 3 PIV serotypes (1, 2, and 3) were found to cocirculate
throughout the year and differed from year to year; seasonal
peaks were observed for PIV-3 between September and November, which is spring in South Africa (Figure 1). The percentage
of specimens testing positive for any PIV type varied by year,
with a higher proportion of SARI positive for PIV in 2009

Table 4. Observed Incidence per 100 000 Population and 95% CIs of Parainﬂuenza-Associated Severe Acute Respiratory Illness—South
Africa, 2009–2012
Overall Observed
Incidence (95% CI)

Overall Adjusted
Incidence (95% CI)a

HIV-Infected Observed
Incidence (95% CI)

HIV-Uninfected Observed
Incidence (95% CI)

<1 years

925 (864–989)

600 (561–642)

1361 (985–1834)

909 (848–974)

1–4 years

120 (110–132)

93 (85–102)

405 (317–511)

107 (965–118)

Age

5–24 years
25–44 years

5 (4–6)
21 (19–23)

3 (2–3)
5 (4–5)

138 (106–174)
85 (76–94)

45–64 years
≥65 years
All ages

20 (17–23)

5 (4–5)

16 (12–22)
38 (36–39)

14 (10–19)
25 (24–26)

Relative Risk
(95% CI)
1.5 (1.1–2.0)
3.7 (2.9–4.8)

1 (0–2)
2 (1–3)

96.9 (62.0–151.5)
39.5 (27.0–57.7)

124 (104–147)

5 (3–6)

26.9 (18.5–39.2)

0 (0–103)b
112 (104–121)

17 (12–22)
28 (27–30)

Not calculable
9.4 (8.5–10.3)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; SARI, severe acute respiratory illness.
a

Adjusted for attributable fraction.

b

No HIV-infected patients ≥65 years of age with parainfluenza-associated SARI were identified during the study period.
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The overall observed incidence of PIV-associated SARI in Soweto from 2009 to 2012 was 38 (95% CI, 36–39) cases per 100 000
population (Table 4). The observed incidence was highest in
children <1 year of age (925 [95% CI, 864–989] cases per
100 000 population) and lowest in those 5–24 years of age (5
[95% CI, 4–6] cases per 100 000). In all age groups, the observed
incidence was higher among HIV-infected compared with HIVuninfected individuals. The subgroup with the highest incidence was HIV-infected infants <1 year of age (1361 [95% CI,
985–1834] cases per 100 000). The overall incidence adjusted
for the AF was 25 cases per 100 000 (95% CI, 24–26); the
age-speciﬁc adjusted incidences followed the same trend as
the observed incidences (Table 4). The age-adjusted relative
risk of PIV hospitalization by HIV status was 9.4 (95% CI,
8.5–10.3), and it was highest for children and adults ≥5 years
of age, especially those 5–24 years of age (relative risk 96.9
[95% CI, 62.0–151.5]). The incidence varied year to year from
a low of 22 (95% CI, 20–26) cases per 100 000 population in
2012 to a high of 65 (95% CI, 61–70) cases per 100 000 population in 2009.

DISCUSSION

Figure 1.

Seasonality of parainﬂuenza-associated severe acute respiratory illness cases by types, week and year—South Africa, 2009–2014.
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context of controls. However, there were some limitations to our
study. Not all children were tested for HIV, and we did not analyze PIV in cases of milder outpatient inﬂuenza-like illness,
which includes common presentations of PIV illness such as
croup. Although it is uncommon and uncommonly tested for,
we did not test for PIV type 4, so our incidence estimates would
be a minimum estimate. We also did not test for all viral respiratory pathogens, such as coronavirus and bocavirus. The large
number of patients from CHBAH (70%) may bias results
toward the epidemiology at that one site. Our calculation of incidence was for only 1 site and the calculation of AF was conducted at 2, so these analyses may not be representative of all
regions in South Africa. The incidence may be an underestimate
if patients did not seek medical care for their illness or sought
care at a hospital other than CHBAH or died before reaching
the hospital. The increased incidence of hospitalization among
individuals infected with HIV may be due to a lower threshold
for hospitalization compared with HIV-uninfected individuals.
Lastly, we did not have data on steroid use, which is a common
treatment for croup in children, and for patients with HIV infection, we did not have information on ART nor CD4 cell
count.
CONCLUSIONS
In conclusion, based on 6 years of respiratory disease surveillance, PIV is a common cause of SARI among children <5
years in South Africa. Among children, the observed incidence
of PIV is higher in the HIV-infected population than the HIVuninfected population. A vaccine to protect against PIV is not
currently available, but vaccine candidates are in the clinical
testing phase [30]. The ﬁndings of our study accentuate the
need to target children for PIV prevention strategies including
vaccination, should a vaccine against PIV become available.
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with other potentially pathogenic respiratory viral infections
was common in our population. We found that a majority of
SARI was attributable to PIV types 1 and 3 in children, even
when controlling for viral respiratory coinfection, but not all
studies have found that PIV is pathogenic. In fact, very few studies have adequately evaluated PIV in the context of controls.
Two studies from Kenya that compared patients with respiratory illness to controls did not ﬁnd a statistically signiﬁcant attributable risk for PIV [6, 12]. However, a study comparing children
<5 years of age from Thailand hospitalized with pneumonia to
controls found ﬁndings similar to ours, speciﬁcally that infection with PIV types 1 or 3 was associated with disease [25].
The lower incidence and nonsigniﬁcant AF from our data
among individuals ≥5 years of age suggests that PIV infection
may not be associated with respiratory disease in older children
and adults. We did not ﬁnd a signiﬁcant AF for patients infected
with PIV type 2, but we may not have been powered to detect
this because type 2 was the least common type.
We found differences among patients infected with different
types of PIV and between patients infected and uninfected with
HIV. In children, patients with PIV-associated SARI who were
HIV-infected were more likely to be older and to be coinfected
with pneumococcus; however, the AF among adults was not
statistically signiﬁcant. The association between respiratory
viral and pneumococcal infection, although not described previously for PIV infection, is well described for other pathogens
such as inﬂuenza [26] and RSV [27]. Pneumococcal conjugate
vaccine was introduced in the South Africa childhood immunization system in 2009, so it was available and being used during
the entire time of this study.
The seasonality of PIV in South Africa is similar to that seen
in other temperate countries such as the United States, where
PIV circulates during the northern hemisphere spring and winter seasons [28]. In contrast, in tropical and subtropical countries in Africa, such as Cameroon, Ghana, and Kenya, PIV
does not appear to have distinct seasonality [6, 7, 29].
This is one of few studies that describe the epidemiology of
PIV in both children and adults over a long period and in the
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