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Abstract

Background: Data on human metapneumovirus (HMPV)-associated severe acute respiratory 

illness (SARI) are limited in settings with high human immunodeficiency virus (HIV) infection 

prevalence.

Objectives: To describe clinical characteristics and seasonality (all sites), and incidence (Soweto 

only) of HMPV-associated SARI among children and adults.

Study design: Active, prospective, hospital-based, sentinel surveillance for patients hospitalised 

with SARI was conducted at four sites in South Africa from February 2009–December 2013. 

Upper respiratory tract samples were tested by multiplex real-time polymerase chain reaction 

assays for HMPV and other respiratory viruses. Incidence of hospitalisation, stratified by age and 

HIV-infection status, was calculated for one hospital with population denominators.

Results: HMPV was identified in 4.1% of patients enrolled, including 5.6% (593/10503) in 

children and 1.7% in adults (≥18 years; 119/6934). The majority of adults (84.0%) had an 

underlying medical condition, including HIV infection in 87/110 (79.1%). HMPV detection 

occurred perennially with periods of increased detection, which varied from year to year. The 

incidence of HMPV-associated hospitalisation in Soweto was highest in infants (653.3 per 

100,000 person years; 95% confidence interval (CI) 602.2–707.6). The incidence was higher in 

HIV-infected persons compared to HIV-uninfected persons in age-groups 5–17 years (RR 6.0; 1.1–

20.4), 18−44 years (RR 67.6; 38.0–132.6) and 45–64 years (RR 5.3; 3.4–8.3), while not differing 

in other age-groups.

Conclusions: The burden of HMPV-associated SARI hospitalisation among adults occurred 

predominantly in HIV-infected persons. Among children, infants were at highest risk, with similar 

burden of hospitalisation in HIV-infected and HIV-uninfected children.
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1. Background

Human metapneumovirus (HMPV) has been implicated as an etiologic agent of lower 

respiratory tract infection (LRTI) among both healthy and immunocompromised individuals 

across age groups [1]. The burden of disease is greatest in young children with the majority 

of infections occurring in children without underlying medical conditions [2,3]. Rates of 

HMPV infection are lower in adults than children, and severe disease occurs predominantly 

in the immunocompromised and elderly, who are at increased risk of hospitalisation [4–7].

The role of HMPV in low- and middle-income countries is less well described, although 

it has been identified in respiratory infections among hospitalised children in Asia, Latin 

America and Africa [8–15]. HMPV has also been associated with LRTI among adults in 

Egypt and more frequently detected among older children and adults with acute respiratory 

infection compared to asymptomatic controls in Kenya [16,17].

Studies undertaken prior to availability of antiretroviral therapy (ART) reported that children 

infected with human immunodeficiency virus (HIV) had a higher incidence of respiratory 

viral-associated LRTI, as well as poorer outcomes [18,19]. A previous study in ART-naive 

HIV-infected children, reported a higher incidence of HMPV-associated hospitalisation, 

longer duration of hospitalisation, higher mortality rate and higher rates of concurrent 

bacteraemia than in HIV-uninfected children [15]. The role of HMPV in HIV-infected adults 

and in the era of ART management has largely not been evaluated.

Although the epidemiology of viral-associated acute LRTI has been previously described in 

both children and adults in South Africa, with HIV-infection shown to be associated with 

an increased risk of LRTI hospitalisation and death, the epidemiology of HMPV was not 

specifically described [20,21].

2. Objectives

We aimed to describe the incidence, seasonality and characteristics of HMPV-associated 

severe acute respiratory illness (SARI) in HIV-infected and HIV-uninfected children and 

adults in South Africa.

3. Study design

Prospective, hospital-based, sentinel surveillance on SARI was undertaken from February 

2009 to December 2013. The three initial surveillance sites included Soweto in Gauteng 

Province, Bushbuckridge in Mpumalanga Province and Pietermaritzburg in KwaZulu-Natal 

Province. An additional site, Klerksdorp in North West Province, was included from June 

2010 (Supplementary material). The national HIV prevalence estimate among children <5 

years was 4.1% in 2009, decreasing to 3.5% by 2013, whereas prevalence among those ≥18 

years remained steady across the study period at ∼16.0% [22]. The rollout of ART in the 

public sector started in 2004 [23].

An episode of SARI was defined as symptom duration ≤7 days and meeting the following 

age-specific criteria: 2 days to <3 months: physician-diagnosed suspected sepsis or acute 
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LRTI; 3 months to <5 years: physician-diagnosed acute LRTI including bronchiolitis, 

pneumonia, bronchitis and pleural effusion; ≥5 years: sudden onset of fever (>38 °C) 

plus cough or sore throat plus shortness of breath or difficulty in breathing. All patients 

hospitalised for at least one night from Monday to Friday with SARI were eligible for 

enrolment, except at the Soweto site where enrolment of adult patients was limited to two 

of every five working days per week due to high patient numbers and limited resources. In 

2013 enrolment at this site was further down-scaled (Supplementary material).

Demographics, socioeconomic factors, clinical characteristics and outcome were recorded 

by parent or patient interview and hospital record review. A nasopharyngeal aspirate 

(patients <5 years) or nasopharyngeal and throat swab (patients ≥5 years) and whole blood 

specimen were collected within 24 h of admission. Respiratory specimens, in viral transport 

media, and blood specimens were stored at 4–8 °C and transported to the National Institute 

for Communicable Diseases, Johannesburg, South Africa.

Total nucleic acids were extracted from 200 μL of specimen using a MagNA Pure 

96 instrument (Roche, Mannheim, Germany) and eluted into 100 μL of elution buffer. 

Respiratory specimens were tested by multiplex real-time reverse-transcription polymerase 

chain reaction (PCR) assay for 10 respiratory viruses including HMPV, adenovirus, 

enterovirus, influenza A and B viruses, respiratory syncytial virus (RSV), parainfluenza 

virus I−III and rhinovirus [24]. Streptococcus pneumoniae was identified by lytA 
quantitative real-time PCR detection from whole blood specimens [25]. Determination of 

HIV infection status was based either on HIV testing undertaken at the discretion of the 

attending physician or through anonymised linked dried blood spot specimen testing (HIV 

PCR for patients <18 months and enzyme-linked immunosorbent assay (ELISA) for patients 

≥18 months of age) as part of the study.

3.1. Incidence calculations

Incidence estimates were calculated for the Soweto site, the only site for which population 

denominators were available. The incidence of HMPV-associated SARI hospitalisations 

(per 100,000 person-years) was estimated using the number of patients testing positive for 

HMPV, adjusting for days when enrolment did not occur and non-enrolment due to refusal, 

in the numerator; and the mid-year population for Soweto (Region D) in the denominator 

(Supplementary material). Incidence estimates were calculated for the period 2009–2012 

(2013 was not included as enrolment was down-scaled in this year) and stratified by 

age group and HIV status. HIV prevalence in the Soweto population was estimated from 

projections of the Actuarial Society of South Africa’s 2008 AIDS and Demographical model 

[22]. For patients without an HIV result, we assumed that the HIV prevalence (by age group 

and year) among those not tested for HIV was the same as those tested. We also conducted 

a sensitivity analysis assuming all those with unknown HIV status were HIV-uninfected. 

Confidence intervals for incidence estimates were calculated using the Poisson distribution.

3.2. Analysis of risk factors

Data from HMPV-associated SARI cases enrolled at all sites from 2009 to 2013 were 

used to estimate prevalence, describe seasonality and evaluate risk factors associated with 
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HMPV-associated SARI. Clinical and epidemiologic characteristics associated with HIV 

infection were determined separately for children (patients < 18 years) and adults (patients 

≥18 years). Proportions were compared using the χ2 and Fisher exact tests, as appropriate, 

and continuous data were compared using the Wilcoxon rank sum test. Odds ratios with 

95% CI were calculated. All tests were two-sided and p < 0.05 was considered significant. 

Data analysis was performed using STATA version 12.1 (StataCorp, TX, USA).

3.3. Ethical considerations

Approval was obtained from ethics committees of the University of the Witwatersrand 

(M081042) and University of KwaZulu-Natal (BF 157/08).

4. Results

A total of 17,801 patients were enrolled from all sites during February 2009–December 

2013, of which 17,437 (98.0%) were tested for HMPV. HMPV was detected in 712 

(4.1%) and the percentage positive varied by age group: 6.2% (389/6324) in infants, 5.7% 

(113/1989) in 1-year olds, 5.1% (78/1538) in 2–4 year olds, 2.0% (13/652) in 5–17 year 

olds, 1.8% (81/4573) in 18–44 year olds, 1.5% (28/1881) in 45–64 year olds, and 2.1% 

(10/480) in those ≥65 years (p < 0.001).

4.1. Incidence in Soweto

The incidence (per 100,000 person years; 95% CI) of hospitalisation for HMPV-associated 

SARI in Soweto was highest in infants (653.3; 602.2–707.6), with a lower incidence in 

1-year olds (170.8; 145.4–199.3) and 2–4 year olds (33.8; 27.4–41.2; Fig. 1). The lowest 

incidence was found in children aged 5–17 years (1.7; 1.1–2.6). Incidence in adults was 

similar across age groups (18–44 years: 10.5; 9.3–11.9; 45–64 years: 10.5; 8.5–13.0; ≥65 

years: 10.4; 6.9–15.1).

Incidence was similar among HIV-infected and HIV-uninfected children <5 years of age 

(Table 1). The relative risk for hospitalisation for HMPV-associated SARI among HIV-

infected persons was elevated in children 5–17 years (6.0, 95% CI: 1.1–20.4), adults 18–

44 years (67.6, 38.0–132.6), and 45–64 years (5.3, 3.4–8.3; Table 1). Incidence estimates 

obtained from the sensitivity analysis showed similar results (Table 1).

4.2. Seasonality

HMPV prevalence was 4.9% (179/3624) in 2009, 2.9% (113/3936) in 2010, 3.9% 

(165/4189) in 2011, 4.6% (178/3862) in 2012 and 4.2% (77/1826) in 2013 (p = 0.747). 

Although HMPV was detected year-round, some months had higher detection but this varied 

from year to year. Increased HMPV detection coincided with periods of high influenza 

detection and followed high RSV detection periods in 2009, 2010 and 2013; however, higher 

HMPV detection coincided with increased RSV detection in 2011 and 2012 (Fig. 2).

4.3. HMPV-associated SARI in children (<18 years)

Among 593 children with HMPV-associated SARI, the median age was 7.7 months and 

9.6% had a documented underlying medical condition. An HIV result was available 
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for 75.2% (446/593), of which 7.8% (35/446) tested HIV-positive. Twenty-three percent 

(8/35) of these children were documented as being on ART at the time of hospitalisation. 

HIV-infected cases were significantly older than HIV-uninfected cases. Compared with 

HIV-uninfected HMPV-positive patients <18 years of age, HIV-infected individuals were 

20 times more likely to be in the older age category (5–17 years of age versus <1 year 

of age; Table 2). HIV-infected and HIV-uninfected children were similar with respect to 

gender, race, socioeconomic characteristics, duration of symptoms and in-hospital treatment. 

HIV-infected children had a significantly longer duration of hospitalisation compared to 

HIV-uninfected children.

Fifty-six percent (333/593) had co-detection of HMPV plus one or more other respiratory 

viruses (Fig. 3a). Whole blood lytA PCR was positive in 7.3% (27/370) of those tested. No 

significant differences were found in the proportion with co-detection of HMPV and other 

respiratory viruses or HMPV and S. pneumoniae between HIV-infected and HIV-uninfected 

children (Table 2). Four of the five children who died had co-detection of HMPV and 

another respiratory virus, including adenovirus (n = 2), parainfluenza type I, III plus 

rhinovirus (n = 1) and adenovirus plus enterovirus (n = 1). LytA PCR was negative in 

the three children who died in whom testing was undertaken

4.4. HMPV-associated SARI in adults (≥18 years)

The median age of adults with HMPV-associated SARI was 38.6 years and 84.0% had a 

documented underlying medical condition. An HIV result was available for 92.4% (110/119) 

of HMPV-SARI cases, with a HIV-positivity prevalence of 79.1% (87/110), including 23.0% 

(20/87) who were documented as being on ART at the time of hospitalisation. HIV-infected 

cases were significantly younger than HIV-uninfected cases. Compared with HIV-uninfected 

HMPV-positive patients, HIV-infected individuals were 12 times more likely to be in the 

younger age category (18–44 years of age versus 45–64 years of age; Table 3). HIV-infected 

adults were less likely than HIV-uninfected adults to live in a brick house and have >1 room 

used for sleeping, but were otherwise similar with respect to gender, race, socioeconomic 

characteristics, duration of symptoms, in-hospital treatment and duration of hospitalisation. 

Twenty-nine percent (35/119) of HMPV-associated SARI cases had one or more other 

respiratory viruses detected (Fig. 3b). There were no significant differences in the proportion 

with co-detection of HMPV and other respiratory viruses (Table 3). Of the 116HMPV-SARI 

adult cases tested by whole blood lytA PCR, 12.1% (n = 14) were positive.

Four HMPV-associated adult deaths (44.4%) had at least one other respiratory virus 

identified (RSV, n = 1; adenovirus, n = 2; and parainfluenza type II, n = 1). LytA PCR 

was positive among four of eight patients who died, two of whom also had other respiratory 

virus co-infections (RSV and parainfluenza type II, respectively). HMPV-positive cases who 

died were more likely to have blood lytA PCR positivity (50.0%) than those who survived 

(9.3%, p = 0.007).

5. Discussion

We observed a higher incidence of HMPV-associated SARI hospitalisation in HIV-infected 

compared to HIV-uninfected adults in Soweto. The majority of adults had an underlying 

Groome et al. Page 6

J Clin Virol. Author manuscript; available in PMC 2022 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



medical condition, with HIV infection being the most common condition identified, in 79% 

of cases tested for HIV. The study corroborates previous studies in which the incidence 

of HMPV-associated LRTI hospitalisation was highest in infants [1,3]. The majority of 

childhood cases were otherwise healthy, with HIV-infection being the most common 

underlying medical condition, in 8% of cases tested for HIV.

Previously published results of the SARI surveillance programme in South Africa showed 

that respiratory viruses were detected in a high proportion (78%) of LRTI cases among 

children <5 years of age, with rhinovirus (37%), RSV (26%) and adenovirus (26%) being 

most commonly identified [21]. Among older children and adults a respiratory virus, 

most commonly rhinovirus, adenovirus and influenza, was detected in 32% of LRTI cases 

[20]. We have now described the epidemiology of HMPV-associated LRTI among patients 

enrolled into this surveillance programme. Among childhood HMPV-associated SARI, HIV-

infected children were older and had a longer duration of hospitalisation compared to 

HIV-uninfected children, as previously described [15]. The incidence of HMPV-associated 

SARI hospitalisation in our study was similar among HIV-infected and HIV–uninfected 

children <5 years in Soweto. The incidence among HIV-infected children was lower than 

that previously described in the same setting prior to the era of ART management of 

HIV-infected children, where HIV-infected children had a 5-fold higher incidence than HIV-

uninfected children [15]. This suggests that the increase in ART coverage of HIV-infected 

children since 2004 may have decreased the incidence of HMPV-associated SARI among 

these children in our setting.

HIV infection is an important risk factor for pneumonia among adults, who commonly 

present with co-infections and comorbidity, but the role of respiratory viruses in HIV-

infected adults is not well documented [26]. In Canada, viruses accounted for 64% of acute 

respiratory illness in HIV-infected adult outpatients, with HMPV the second most isolated 

pathogen, highlighting the potential importance of this pathogen in this group of patients 

[27]. There are no incidence data available for adult HMPV-associated SARI prior to the 

rollout of ART in South Africa so we were unable to determine whether there has been 

a decrease in incidence as a result of improved access to ART, as has been shown for 

pneumonia [28]. Hospitalised patients with HMPV infection in high-income settings were 

found to be mainly elderly and had underlying chronic heart and lung disease, [4,29,30] 

which was similar to that observed among HIV-uninfected adults in our study, among whom 

the median age was 60 years and 43% had an underlying medical condition.

Although the seasonality of HMPV infection is not fully characterized globally, other studies 

suggest higher incidence during the winter and spring months. Season-on-season variation 

has also been shown [2,3,10]. A study from Brazil showed similar HMPV activity as 

observed by us, with perennial circulation of HMPV-associated with small peaks in winter 

months for some years and in spring months for others, and generally coinciding with the 

latter half of RSV epidemics [10].

Newer diagnostics often lead to frequent detection of more than one virus in a respiratory 

sample. Our surveillance showed co-detection of HMPV and another respiratory virus 

in 56% of children and 29% of adults, but this did not differ significantly between HIV-
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infected and HIV-uninfected persons, as was shown in Kenya [17]. Co-infections have been 

associated with an increased risk of more severe disease in some studies, although results 

have been conflicting for RSV/HMPV dual infection, both common infections in young 

children [31–34]. We were not powered to assess whether HMPV and RSV co-detection 

was associated with more severe disease. Multiplex PCR diagnostic methods allow sensitive 

detection of respiratory viruses but the extent to which specific viruses contribute towards 

disease is not always clear, as viruses have been detected in the airways of asymptomatic 

persons and are not necessarily associated with disease. We did not evaluate healthy controls 

as a comparison group, which limited our ability to attribute the aetiology of SARI to 

HMPV among patients in whom HMPV was detected. HMPV has, however, been shown 

to be more prevalent among case patients with acute respiratory illness than asymptomatic 

controls in studies in both adults and children [17,31,35]. While HMPV seems likely to 

be a significant respiratory pathogen capable of causing disease, the proportion of SARI 

caused by HMPV is lower than the proportion in which HMPV is detected. Our incidence 

estimates of HMPV-associated SARI may thus overestimate the true incidence of disease. 

Co-detection of other respiratory pathogens also limits out ability to attribute SARI solely 

to HMPV. However, co-detection does not always mean co-infection as, some of the viruses 

co-detected with HMPV in our study, for example adenovirus, rhinovirus and enterovirus, 

have been found to have high detection rates in asymptomatic individuals [17,31].

Viral-bacterial co-infections are important in the pathogenesis of viral-associated LRTI in 

children [36]. We showed co-detection of HMPV and S. pneumoniae in 7% of children 

and 12% of adults, but did not find a significant difference in HIV-infected compared to 

HIV-uninfected adults or children, although numbers were small. In adults, co-detection 

with S. pneumoniae was associated with more severe disease, as has been shown previously 

for HMPV [16]. Although the utility of whole blood LytA positivity for attributing causality 

of pneumonia to S. pneumoniae is controversial, some studies have shown this to be specific 

and more sensitive than blood culture for attributing causality to S. pneumoniae [37]. We 

did not investigate all concurrent bacterial aetiology, only S. pneumoniae, and this was not 

available on all patients.

There were some other limitations to our study. Our case definition for patients ≥5 years 

included sudden onset of fever, however, respiratory infections may not always present 

with fever and we may have underestimated the burden of disease in these age groups by 

excluding afebrile patients. Incidence estimates could only be calculated at one site which 

may not be representative of other regions of South Africa. HIV population denominators 

were based on the ASSA model predictions, which if overestimating the number of HIV-

infected persons could lead to an underestimate of the incidence in this group, and vice 

versa. HIV status was not available for all patients (25% of children and 8% of adults) and 

exclusion of those with unknown HIV status in the risk factor analyses is a limitation of the 

study.

The present study contributes to understanding the incidence of HMPV associated severe 

respiratory illness across different age-groups in a setting with a high prevalence of HIV 

infection. Despite the roll-out of antiretroviral treatment of HIV-infected individuals, the 

burden of HMPV-associated SARI hospitalisation among adults occurred predominantly 
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in HIV-infected individuals. Infants, however, had the highest incidence of HMPV 

associated hospitalization, with similar rates burden observed between HIV-infected and 

HIV-uninfected children. Although attempts are being made to develop effective preventive 

and therapeutic interventions against HMPV infection, including vaccines and monoclonal 

antibodies, current treatment options are limited and not specific to HMPV. Timely initiation 

of ART in HIV-infected persons could, however, possibly reduce HMPV-associated 

morbidity and mortality.
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Fig. 1. 
Incidence of hospitalisation (per 100,000 person years) by age group and year for HMPV-

associated severe acute respiratory illness in Soweto, South Africa: 2009–2012.
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Fig. 2. 
Detection rate of HMPV, RSV and Influenza virus (A and B) among patients hospitalised for 

severe acute respiratory illness at all sites, by month and year: 2009–2013. Detection rate – 

number testing positive divided by total number of samples tested per month × 100.

Footnote: In 2013 enrolment at Chris Hani Baragwanath Academic Hospital was down-

scaled, with enrolment of paediatric patients limited to two of the five working days and 

adult patients to one of the five working days. Enrolment in 2013 at the other five hospitals 

continued as previously, with enrolment from Monday through Friday.
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Fig. 3. 
Number and proportion (n; %) of HMPV-positive patients with HMPV detected as the sole 

virus, co-detection of HMPV and one other respiratory virus (as specified), and co-detection 

of HMPV and >1 other respiratory virus in (a) children <18 years (b) adults ≥18 years.

Note: Co-detection of HMPV and other respiratory viruses is detailed in the Supplementary 

material.
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Table 1

Incidence of HMPV-associated severe acute respiratory illness per 100 000 person-years, by age group and 

HIV infection status in Soweto, South Africa, 2009–2012.

HIV-infected HIV-uninfected Sensitivity analysis
b

Age 
group 
(years)

HMPV 
positive

Population Incidence
a 

(95% CI)

HMPV 
positive

Population Incidence
a 

(95% CI)

Relative 
risk 
(95% 
CI)

Incidence 
HIV-
infected 
(95% CI)

Incidence 
HIV-
uninfected 
(95% CI)

Relative 
risk 
(95% 
CI)

<1 27 3159 854.7
(563.3–
1243.5)

575 88988 646.2
(594.4–
701.2)

1.3
(0.9–
1.9)

664.8
(411.5–
1016.2)

652.9
(600.9–
708.2)

1.0
(0.6–
1.6)

1 7 4226 165.6
(66.6–
341.3)

154 90032 171.1
(145.1–
200.3)

1.0
(0.4–
2.0)

94.7
(25.8–
242.4)

174.4
(148.2–
203.9)

0.5
(0.1–
1.4)

2–4 7 13286 52.7
(21.2–
108.6)

91 276949 32.9
(26.5–40.3)

1.6
(0.6–
3.4)

30.1
(8.2–77.1)

33.9
(27.4–
41.5)

0.9
(0.2–
2.3)

5–17 3 32936 9.1
(1.9–26.6)

19 1254118 1.5
(0.9–2.4)

6.0
(1.1–
20.4)

9.1
(1.9–26.6)

1.5
(0.9–2.4)

6.0
(1.1–
20.4)

18–44 240 546520 43.9
(38.5–49.3)

12 1846142 0.7
(0.3–1.1)

67.6
(38.0–
132.6)

41.0
(35.8–
46.7)

1.5
(1.0–2.2)

27.0
(18.2–
41.6)

45–64 39 108053 36.1
(25.7–49.3)

50 736895 6.8
(5.0–9.0)

5.3
(3.4–
8.3)

34.2
(24.1–
47.2)

7.1
(5.3–9.3)

4.9
(3.1–
7.5)

≥65 0 3582 0 28 265363 10.6
(7.0–15.3)

– 0 10.6
(7.0–15.3)

–

CI – confidence interval.

a
Assuming HIV prevalence among those not tested for HIV was the same as those who were tested for HIV.

b
Assuming all those with unknown HIV status were HIV-uninfected.
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Table 2

Comparison of the clinical and epidemiologic characteristics of children (<18 years) hospitalised with HMPV-

associated severe acute respiratory illness at four sentinel surveillance sites, South Africa 2009–2013.

Characteristic Children 
(<18years) n = 
593

HIV-infected
n = 35

HIV-uninfected
n = 411

HIV status 
unknown n = 
147

Odds ratio
a 

(95% CI)
P value

a

Site 0.007

Soweto 406/593 (68.5) 14/35 (40.0) 276/411 (67.2) 116/147 (78.9) Reference

Bushbuckridge 80/593 (13.5) 11/35 (31.4) 58/411 (14.1) 11/147 (7.5) 3.7 (1.6–8.8)

Pietermaritzburg 85/593 (14.3) 8/35 (22.9) 58/411 (14.1) 19/147 (12.9) 2.7 (1.1–6.8)

Klerksdorp 22/593 (3.7) 2/35 (5.7) 19/411 (4.6) 1/147 (0.7) 2.1 (0.4–9.9)

Age in months (median, 
IQR)

7.7 (3.9–17.1) 14.0 (5.1–27.9) 7.4 (3.8–15.7) 8.0 (3.9–18.0) 0.006

Age group <0.001

<1 year 389/593 (65.6) 17/35 (48.6) 277/411 (67.4) 95/147 (64.6) Reference

1 year 113/593 (19.1) 8/35 (22.9) 77/411 (18.7) 28/147 (19.0) 1.7 (0.7–4.1)

2–4 years 78/593 (13.2) 5/35 (14.3) 53/411 (12.9) 20/147 (13.6) 1.5 (0.5–4.4)

5–17 years 13/593 (2.2) 5/35 (14.3) 4/411 (1.0) 4/147 (2.7) 20.4 (4.6–90.0)

Male gender 328/593 (55.3) 19/35 (54.3) 227/411 (55.2) 82/147 (55.8) 1.0 (0.5–1.9) 0.914

Black race 585/593 (98.7) 34/35 (97.1) 407/411 (99.0) 144/147 (98.0) 0.3 (0.0–3.1) 0.337

Brick house
b 425/590 (72.0) 25/34 (73.5) 297/409 (72.6) 103/147 (70.1) 1.0 (0.5–2.3) 0.909

Number of rooms for 
sleeping

418/591 (70.7) 29/35 (82.9) 288/409 (70.4) 101/147 (68.7) 2.0 (0.8–5.0) 0.118

>1

Number of people in house 
>4

295/590 (50.0) 14/35 (40.0) 207/408 (51.7) 74/147 (50.3) 0.6 (0.3–1.3) 0.223

Duration of symptoms 
(median, IQR)

2 (1–3) 2 (1–3) 2 (1–3) 2 (1–3) – 0.316

Underlying illness
c 

(including HIV infection)

57/593 (9.6) – – – – –

Underlying illness 
(excluding HIV infection)

23/593 (3.9) 1/35 (2.9) 20/411 (4.9) 2/147 (1.4) 0.6 (0.1–4.4) >0.999

In-hospital treatment

Antibiotics prescribed 
during hospitalisation

541/585 (92.5) 33/34 (97.1) 377/405 (93.1) 131/146 (89.7) 2.5 (0.3–18.7) 0.715

Oxygen therapy 183/592 (30.9) 13/35 (37.1) 138/410 (33.7) 32/147 (21.8) 1.2 (0.6–2.4) 0.676

Outcome

Duration of hospitalization 
(days, IQR)

2 (1–5) 5 (2–8) 3 (1–5.5) 2 (1–4) – 0.003

Prolonged hospitalisation 
(>3 days)

242/589 (41.1) 22/35 (62.9) 174/408 (42.7) 46/146 (31.5) 2.3 (1.1–4.7) 0.021

Death 5/590 (0.8) 1/34 (2.9) 2/410 (0.5) 2/147 (1.4) 6.2 (0.5–70.7) 0.213

Co-infections

Viral

Any viral co-infection
d 333/593 (56.2) 24/35 (68.6) 238/411 (57.9) 71/147 (48.3) 1.6 (0.8–3.3) 0.219

Influenza 14/593 (2.4) 0/35 (0) 9/411 (2.2) 5/147 (3.4) – >0.999
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Characteristic Children 
(<18years) n = 
593

HIV-infected
n = 35

HIV-uninfected
n = 411

HIV status 
unknown n = 
147

Odds ratio
a 

(95% CI)
P value

a

RSV 47/593 (7.9) 2/35 (5.7) 35/411 (8.5) 10/147 (6.8) 0.7 (0.1–2.8) 0.756

>1 viral co-infection 95/593 (16.0) 8/35 (22.9) 72/411 (17.5) 15/147 (10.2) 1.4 (0.5–3.3) 0.429

S. pneumoniae - lytA PCR
e 27/370 (7.3) 3/29 (10.3) 21/305 (6.9) 3/36 (8.3) 1.6 (0.4–5.6) 0.451

Values are number of patients with characteristic/total number with available data (%) unless otherwise indicated.

a
HIV-infected compared to HIV-uninfected children, excluding those with unknown HIV status.

b
Compared to house made of iron sheeting or mud.

c
Asthma, other chronic lung disease, chronic heart disease, liver disease, renal disease, diabetes mellitus, obesity, immunocompromising 

conditions, neurologic disease, prematurity, kwashiorkor. HIV infection (n = 35), asthma (n = 4), chronic heart disease (n = 3), neurologic 
disease (n = 3), prematurity (n = 8), kwashiorkor (n = 3), renal disease (n = 1),immunocompromising condition other than HIV (n = 1).

d
Co-infection with HMPV and ≥1 of the following: adenovirus, enterovirus, influenza A and B viruses, respiratory syncytial virus (RSV), 

parainfluenza virus type 1, 2 and 3, and rhinovirus. Adenovirus testing was not done Aug–Oct 2009, missing: n = 78.

e
Available for 370, not done in 223 (38%).
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Table 3

Comparison of the clinical and epidemiologic characteristics of adults (≥18 years) hospitalised with HMPV-

associated severe acute respiratory illness at four sentinel surveillance sites, South Africa 2009–2013.

Characteristic Adults (≥18years)
n = 119

HIV-infected
n = 87

HIV-uninfected
n = 23

HIV status 
unknown
n = 9

Odds ratio
a 

(95% CI)
p value

a

Site

Soweto 94/119 (79.0) 65/87 (74.7) 23/23 (100) 6/9 (66.7) – 0.065

Bushbuckridge 15/119 (12.6) 13/87 (14.9) 0 2/9 (22.2)

Pietermaritzburg 5/119 (4.2) 4/87 (4.6) 0 1/9 (11.1)

Klerksdorp 5/119 (4.2) 5/87 (5.8) 0 0

Age in years (median, IQR) 38.6 (31.3–53.1) 35.5 (29.3–
43.0)

60.2 (46.8–70.9) 33.4 (32.5–46.3) <0.001

Age group <0.001

18–44 years 81/119 (68.0) 71/87 (81.6) 4/23 (17.4) 6/9 (66.7) 12.2 (3.0–50.4)

45–64 years 28/119 (23.5) 16/87 (18.4) 11/23 (47.8) 1/9 (11.1) Reference

≥65 years 10/119 (8.4) 0 8/23 (34.8) 2/9 (22.2) –

Male gender 37/119 (31.1) 24/87 (27.6) 10/23 (43.5) 3/9 (33.3) 0.5 (0.2–1.3) 0.142

Black race 115/119 (96.6) 85/87 (97.7) 21/23 (91.3) 9/9 (100) 4.0 (0.5–31.3) 0.192

Brick house
b 87/119 (73.1) 58/87 (66.7) 22/23 (95.7) 7/9 (77.8) 0.1 (0.0–0.8) 0.004

Number of rooms for 
sleeping >1

76/119 (63.9) 49/87 (56.3) 21/23 (91.3) 6/9 (66.7) 0.1 (0.0–0.6) 0.001

Number of people in house 
>4

46/119 (38.7) 34/87 (39.1) 8/23 (34.8) 4/9 (44) 1.2 (0.5–3.2) 0.706

Duration of symptoms 
(median, IQR)

3 (2–5) 3 (2–5) 4 (3–5) 5 (3–6) – 0.380

Underlying illness
c 

(including HIV infection)

100/119 (84.0) – – – – –

Underlying illness 
(excluding HIV infection)

22/119 (18.5) 9/87 (10.3) 10/23 (43.5) 3/9 (33.3) 0.2 (0.1–0.5) <0.001

In-hospital treatment

Antibiotics prescribed during 
hospitalisation

112/115 (97.4) 83/85 (97.7) 20/21 (95.2) 9/9 (100) 2.1 (0.2–24.0) 0.488

Oxygen therapy 52/119 (43.7) 37/87 (42.5) 11/23 (47.8) 4/9 (44.4) 0.8 (0.3–2.0) 0.649

Outcome

Duration of hospitalisation 
(days, IQR)

6 (4–8) 6 (4–8) 5 (4–7) 4 (4–7) – 0.654

Prolonged hospitalisation 
(>3 days)

91/118 (77.1) 66/86 (76.7) 18/23 (78.2) 7/9 (78) 0.9 (0.3–2.8) >0.999

Death 9/119 (7.6) 4/87 (4.6) 3/23 (13.0) 2/9 (22.2) 0.3 (0.1–1.6) 0.158

Co-infections

Viral

Any viral co-infection
d 35/119 (29.4) 27/87 (31.0) 5/23 (21.7) 3/9 (33.3) 1.6 (0.5–4.9) 0.449

Influenza 6/119 (5.0) 5/87 (5.8) 1/23 (4.4) 0 1.3 (0.1–12.2) >0.999

RSV 3/119 (2.5) 3/87 (3.5) 0/23 (0) 0 – >0.999

>1 viral co-infection 5/119 (4.2) 5/87 (5.7) 0/23 (0) 0 – 0.582
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Characteristic Adults (≥18years)
n = 119

HIV-infected
n = 87

HIV-uninfected
n = 23

HIV status 
unknown
n = 9

Odds ratio
a 

(95% CI)
p value

a

S. pneumoniae - Lyt A PCR
e 14/116 (12.1) 11/85 (12.9) 1/22 (4.6) 2/9 (22.2) 3.1 (0.4–26.1) 0.453

Values are number of patients with characteristic/total number with available data (%) unless otherwise indicated.

a
HIV-infected compared to HIV-uninfected adults, excluding those with unknown HIV status.

b
Compared to house made of iron sheeting or mud.

c
Asthma, other chronic lung disease, chronic heart disease, liver disease, renal disease, diabetes mellitus, obesity, immunocompromising 

conditions, neurologic disease, prematurity, pregnancy. HIV infection (n = 87), asthma (n = 5), other chronic lung disease (n = 4), chronic 
heart disease (n = 4), diabetes mellitus (n = 5), obesity (n = 1), neurologic disease (n = 2), pregnancy (n = 2).

d
Co-infection with HMPV and ≥1 of the following: adenovirus, enterovirus, influenza A and B viruses, respiratory syncytial virus (RSV), 

parainfluenza virus type 1, 2 and 3, and rhinovirus. Adenovirus testing was not done Aug–Oct 2009, missing: n = 14.

e
Available for 116, not done in 3 (3%).
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