
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



P
H

M
R
P
a

S
b

J
c

d

G
e

S

a

A
R
R
A

K
P
H
P
R
P
P

t
r

W

h
1

Journal of Clinical Virology 61 (2014) 571–578

Contents lists available at ScienceDirect

Journal  of  Clinical  Virology

jou rn al hom epage: www.elsev ier .com/ locate / j cv

olyomaviruses-associated  respiratory  infections  in  HIV-infected  and
IV-uninfected  children

arta  C.  Nunesa,b,  Zachary  Kuschnerc,  Zelda  Rabedeb,  Clare  L.  Cutlanda,b,
ichard  Madimabea,b,  Locadiah  Kuwandaa,b, Keith  P.  Klugmanb,d,
eter  V.  Adriana,b, Shabir  A.  Madhia,b,e,∗

Department of Science and Technology/National Research Foundation: Vaccine Preventable Diseases, University of the Witwatersrand, Johannesburg,
outh  Africa
Medical Research Council: Respiratory and Meningeal Pathogens Research Unit, Faculty of Health Sciences, University of the Witwatersrand,

ohannesburg, South Africa
Stony Brook School of Medicine, Stony Brook University, Stony Brook, NY, USA
Hubert Department of Global Health, Rollins School of Public Health and Division of Infectious Diseases, Emory University School of Medicine, Atlanta,
A,  USA
National Institute for Communicable Diseases: a division of National Health Laboratory Service, Centre for Vaccines and Immunology, Johannesburg,
outh Africa

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 4 August 2014
eceived in revised form 15 October 2014
ccepted 20 October 2014

eywords:
olyomaviruses
IV
neumonia
espiratory infections
CV9
neumococcal vaccine

a  b  s  t  r  a  c  t

Background:  Two  recently  discovered  polyomaviruses  (PyV),  WU  and  KI,  have  been  identified  in
respiratory-tract  specimens  from  children  with  acute  respiratory  infections,  although  there  are  limited
data  in  HIV-infected  children.
Objectives:  To  determine  the  prevalence  and  clinical  manifestations  of  WUPyV  and  KIPyV-associated
lower  respiratory  tract  infections  (LRTIs)  hospitalization  in  HIV-infected  and  -uninfected  children;  and
probe  the  role  of pneumococcal  co-infection.
Study  design:  Nasopharyngeal  aspirates  were  collected  from  a  cohort  of  39,836  children  randomized  to
receive  9-valent  pneumococcal  conjugate  vaccine  (PCV9)  or  placebo  when  hospitalized  for LRTIs,  and
were  screened  by PCR  for WUPyV,  KIPyV  and  other  respiratory  viruses.
Results:  In  placebo-recipients  the prevalence  of WUPyV  was  6.3%  (18/285)  in HIV-infected  and  13.9%
(66/476)  in  HIV-uninfected  children  (p =  0.002).  In  WUPyV-positive  LRTIs  HIV-infected  children  had  lower
oxygen  saturation  at admission  and  a higher  case  fatality  rate  (11.1%  vs. 0%;  p =  0.04).  KIPyV  was  identified
in  10.2%  (29/285)  of HIV-infected  and  in 7.4%  (35/476)  of HIV-uninfected  placebo-recipients  with  LRTIs
(p  =  0.13).  HIV-infected  compared  to HIV-uninfected  children  with  KIPyV-positive  LRTIs  had  lower  oxy-
gen  saturation,  higher  respiratory  rate  and  longer  duration  of  hospitalization.  Co-infections  with  other
respiratory-viruses  were  detected  in  65.5%  of  WUPyV-positive  LRTIs  and in  75.0%  of KIPyV-positive  LRTIs.
Among  HIV-uninfected  children,  there  was  a lower incidence  of  hospitalization  for  clinical  pneumonia

episodes  in  which  KIPyV  (80%; 95%  CI:  41,  93) and  WUPyV  (49%;  95%  CI:  9, 71)  were  identified  among
PCV9-recipients  compared  to placebo-recipients.
Conclusions:  Polyomaviruses  were  commonly  identified  in HIV-infected  and  -uninfected  children  hospi-
talized  for LRTIs,  frequently  in  association  with  other  viruses  and may  contribute  to  the  pathogenesis  of
pneumococcal  pneumonia.

© 2014  Elsevier  B.V.  All  rights  reserved.
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. Background

Lower respiratory tract-infections (LRTIs) are a major cause
f hospitalizations during childhood [1]. Determining pathogen
pecific causality of LRTIs is hampered by lack of sensitive meth-
ds for diagnosing bacterial pneumonia, as well as the concurrent
dentification of multiple respiratory-viral pathogens, particularly

hen using molecular assays [2]. Nevertheless, worldwide studies
ttribute a large proportion of LRTIs to viral infections [3,4]. Large-
cale molecular screening based technologies have contributed to
he discovery of new infectious pathogens, including in 2007 two
olyomaviruses (PyV), WU-  and KI-polyomavirus [5,6]. These PyV
elong to the Polyomaviridae family and have been associated with
espiratory disease in humans, although direct evidence of causal-
ty is lacking [7]. Two other polyomaviruses (BKPyV and JCPyV)
ave been implicated in disease in immunocompromised patients
8–10]. There are, however, conflicting data with regard to the role
f WUPyV and KIPyV in immunocompromised individuals [11–13].

Previous studies have used pneumococcal-conjugate-vaccine
PCV) randomized placebo-controlled trials (RCT) as a probe to
stablish the probability of co-infections by Streptococcus pneu-
oniae (pneumococcus) vaccine-serotypes and respiratory-virus

n children hospitalized for pneumonia [14,15]. The rational of
his approach is that any biological-plausible difference between
CV- and placebo-recipients in the incidence of any disease
hich could be associated with vaccine-serotype pneumococ-

al infection would indicate a role of vaccine-serotypes in the

utcome of interest (for review [16]). For example, we have previ-
usly reported that PCV-recipients, had a 45% lower incidence of
neumonia hospitalizations in which influenza-virus was  identi-
ed, and as such concluded that at least a similar proportion of the

nfluenza-associated pneumonias among placebo-recipients was
recipitated by co-infection with PCV-serotypes [14].

. Objectives

The aim of this study was to determine the burden and clin-
cal features of WUPyV and KIPyV infections in HIV-infected and
IV-uninfected children hospitalized for LRTIs. Furthermore, as an
xploratory analysis we used the design of a RCT of a 9-valent
CV (PCV9) to probe whether pneumococcal co-infection may  con-
ribute to hospitalization for PyV-associated pneumonia.

. Study design

We  analyzed respiratory specimens collected from children
ho participated in RCT in South Africa as previously described

14,17]. Briefly, 39,836 children were randomized (1:1) from 1998
o 2000 to receive 3 doses of PCV9 or placebo [17]. Hospital-
ased surveillance for all-cause hospitalization was  undertaken,
ll hospitalized children underwent HIV testing [17]. Nasopharyn-
eal aspirates (NPAs) were obtained from children hospitalized
ith LRTIs for identification of selected respiratory-viruses [14]

nd archived from February 2000 onward. In this study only NPAs
ollected from February 2000 to January 2002 from children <2
ears old were analyzed. If a child had recurrent LRTI hospital-

VE (%) = incidence rate in
zations, only NPAs collected >28 days apart were included in the
nalysis. These samples had been previously investigated for respi-
atory syncytial virus (RSV), influenza A/B, parainfluenza viruses
PIV) and adenovirus using immunofluorescence and for human-

etapneumovirus (hMPV) by nested-PCR, as described [14,15].
l Virology 61 (2014) 571–578

3.1. Viral testing

Archived NPAs were tested by real-time reverse
transcriptase–PCR (rRT-PCR) using the primers and probes as
described [18]. We  tested for WU-  and KI-polyomavirus, as well
as for human-bocavirus (hBoV), human-rhinovirus (hRV), and
four human-coronaviruses (CoV). A comprehensive overview of
the identified individual viruses has been reported separately
[18]. The current analysis details the epidemiology of WUPyV and
KIPyV-positive LRTIs in the study cohort. The clinical definitions
used in this study have been described [14].

3.2. Statistical analysis

The analyses on the epidemiology of WUPyV and KIPyV in chil-
dren hospitalized for LRTIs were restricted to placebo-recipients in
the context of the initial trial [17].

Proportions were compared by Chi-square or Fisher’s exact tests
and continuous variables by Student’s t-test or Mann–Whitney test.
Regression analyses were performed to compare clinical features
between HIV-infected and -uninfected children. Multiple regres-
sions were controlled for age at hospitalization, detection of a virus
previously-tested and year of collection. In an exploratory analy-
sis using the concept of vaccine-probe studies [14,19], we explored
whether there was  any association between PCV9 and the risk of
hospitalization for LRTIs in which WUPyV or KIPyV were detected
by estimating vaccine efficacy (VE) based on the formula:

unvaccinated − incidence rate in the vaccinated
ence rate in the unvaccinated

× 100

Children were included in the per-protocol analysis if they received
all the study-vaccines as per planned schedule and the LRTI event
occurred >14 days after the third dose of study-vaccine. Only the
first episode of viral detection was  included in the VE calculation for
an individual participant. p-values <0.05 were considered signifi-
cant. Analyses were performed using STATA version 12.1 (College
Station, TX, USA).

4. Results

A total of 1460 NPAs were analyzed by rRT-PCR, including
699 from PCV9-recipients (48.8%) and 761 (52.1%) from placebo-
recipients [18].

4.1. WUPyV in PCV-unvaccinated children hospitalized with LRTIs

WUPyV was detected less frequently in HIV-infected (6.3%)
compared to HIV-uninfected children (13.9%, p = 0.002) (Table 1).
One HIV-infected and three HIV-uninfected children had at least
two episodes of WUPyV-positive LRTIs more than 28 days apart.
WUPyV was detected every month except from November 2001 to
January 2002, with a higher detection rate among HIV-uninfected
children in 2000 (16.6%, 53/319) compared to 2001 (8.3%, [13/157];
p = 0.01) (Fig. 1). In HIV-infected children there was  a similar detec-
tion rate during 2000 (5.6%, 198/187) and 2001 (8.0%, [7/80];
p = 0.43).

Among HIV-uninfected children, WUPyV was  generally
detected concurrently with other respiratory-viruses (72.7%),
which was at a higher frequency compared to HIV-infected chil-
dren (38.9%, p = 0.005) (Table 1). The most common co-detected
viruses were hRV (31.8%, n = 21), hBoV (16.7%, n = 11), RSV (12.1%,
n = 8) and hMPV (10.6%, n = 7) in HIV-uninfected children; and hRV

(27.8%, n = 5) and KIPyV (16.7%, n = 3) in HIV-infected children.

By multivariate analysis of WUPyV-associated LRTIs, HIV-
infected compared to HIV-uninfected children were more likely
to have oxygen saturation <90%, present clinicallyas pneumonia
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Table  1
Demographic, clinical and laboratory characteristics of HIV-infected and HIV-uninfected pneumococcal conjugate-unvaccinated children hospitalized for lower respiratory
tract  infections where polyomaviruses WU or KI were detected.

Overall HIV-infected HIV-uninfected OR
95% CI
p-value

aORa

95% CI
p-value

Total number of specimens studied 761 285 476 – –
Positive samples, n (%)

for WUPyV 84
(11.0)

18
(6.3)

66
(13.9)

0.42
(0.24–0.72)
0.002

0.40b

(0.23–0.72)
0.002

for  KIPyV 64
(8.4)

29
(10.2)

35
(7.4)

1.43
(0.85–2.39)
0.176

1.52b

(0.88–2.63)
0.131

Demographic characteristics
Mean age in months, (SD)

WUPyV-positive cases 13.2
(5.9)

15.0
(5.3)

12.7
(6.0)

1.07
(0.98–1.18)
0.150

1.06b

(0.96–1.18)
0.220

KIPyV-positive cases 11.7
(5.5)

11.7
(5.8)

11.7
(5.3)

1.00
(0.91–1.09)
0.982

0.95
(0.85–1.06)
0.397

Male, n (%)
WUPyV-positive cases 53

(63.1)
10
(55.6)

43
(65.2)

0.67
(0.23–1.93)
0.456

0.66
(0.21–2.05)
0.469

KIPyV-positive cases 28
(43.8)

10
(34.5)

18
(51.4)

0.50
(0.18–1.37)
0.176

0.56
(0.19–1.65)
0.290

Clinical characteristicse

Mean oxygen saturation on room air <90%, n (%)
WUPyV-positive cases 17

(20.2)
7
(38.9)

10
(15.2)

3.56
(1.11–11.39)
0.032

3.88
(1.06–14.21)
0.041

KIPyV-positive cases 16/61
(26.2)

11/27
(40.7)

5/34
(14.7)

3.99
(1.18–13.52)
0.026

5.00
(1.27–19.65)
0.021

Mean respiratory rate; breaths per minute, (SD)
WUPyV-positive cases 50.0

(12.1)
53.3
(112.2)

49.1
(12.0)

1.03
(0.99–1.07)
0.193

1.03
(0.99–1.08)
0.184

KIPyV-positive cases 52.5
(14.5)

58.1
(16.8)

47.9
(10.6)

1.06
(1.01–1.10)
0.009

1.07
(1.02–1.12)
0.004

Clinical pneumonia, n (%)
WUPyV-positive cases 55

(65.5)
16
(88.9)

39
(59.1)

5.54
(1.18–26.09)
0.030

5.67
(1.14–28.16)
0.034

KIPyV-positive cases 51
(79.7)

26
(89.7)

25
(71.4)

3.47
(0.85–14.09)
0.082

3.04
(0.68–13.56)
0.145

Wheezing, n (%)
WUPyV-positive cases 37

(44.1)
3
(16.7)

34
(51.5)

0.19
(0.05–0.71)
0.014

0.21
(0.05–0.84)
0.028

KIPyV-positive cases 19
(29.7)

6
(20.7)

13
(37.1)

0.44
(0.14–1.37)
0.156

0.57
(0.17–1.92)
0.360

Bronchial breathing, n (%)
WUPyV-positive cases 7

(8.3)
4
(22.2)

3
(4.6)

6.00
(1.21–29.87)
0.029

3.79
(0.61–23.50)
0.152

KIPyV-positive cases 11
(17.2)

8
(27.6)

3
(8.6)

4.06
(0.97–17.09)
0.056

3.04
(0.64–14.39)
0.161

Hospital stay ≥5 days, n (%)
WUPyV-positive cases 14

(16.7)
6
(33.3)

8
(12.1)

3.63
(1.06–12.37)
0.040

3.17
(0.83–12.02)
0.090

KIPyV-positive cases 21
(32.8)

15
(51.7)

6
(17.1)

5.18
(1.65–16.22)
0.005

10.41
(2.48–43.71)
0.001

Deaths during LRTIs hospitalization, n (%)
WUPyV-positive cases 2

(2.4)
2
(11.1)

0 0.044c

KIPyV-positive cases 6
(9.4)

4
(13.8)

2
(5.7)

2.64
(0.45–15.58)
0.284

2.77
(0.41–18.63)
0.296
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Table  1 (Continued)

Overall HIV-infected HIV-uninfected OR
95% CI
p-value

aORa

95% CI
p-value

Laboratory and other investigationsf

Alveolar consolidation on chest X-ray, n/N (%)
WUPyV-positive cases 22/77

(28.6)
8/16
(50.0)

14/61
(23.0)

3.36
(1.07–10.57)
0.039

4.43
(1.15–17.10)
0.031

KIPyV-positive cases 25/59
(42.4)

15/24
(62.5)

10/35
(28.6)

4.17
(1.38–12.58)
0.011

4.15
(1.24–13924)
0.021

Bacterial infection, n/N (%)
WUPyV-positive casesg 3/79

(3.8)
1/17
(5.9)

2/62
(3.2)

1.88
(0.16–22.01)
0.617

1.76
(0.10–30.24)
0.696

KIPyV-positive casesh 6/63
(9.5)

6/29
(20.7)

0/34 0.005c

Co-detection with other respiratory viruses, N (%)
WUPyV-positive cases 55

(65.5)
7
(38.9)

48
(72.7)

0.24
(0.08–0.71)
0.010

0.18d

(0.06–0.60)
0.005

KIPyV-positive cases 48
(75.0)

22
(75.9)

26
(74.3)

1.09
(0.35–3.40)
0.885

1.07d

(0.32–3.52)
0.916

In parenthesis percent of number studied, unless otherwise indicated. n: number of children with the analyzed characteristic; N: number of children with information
available if different from overall tested; SD: standard deviation; OR: odds ratio; aOR: adjusted odds ratio; LRTIs: lower respiratory tract infections.

a aOR adjusted for year of sampling and detection of viruses previously-tested unless otherwise indicated.
b aOR adjusted for age, year of sampling and detection of viruses previously-tested.
c p-value not adjusted.
d p-value not adjusted for detection of viruses previously-tested.
e Other clinical characteristics assessed that were not significantly different between HIV-infected and HIV-uninfected children included: percentage of children presenting

with  axillary temperature ≥38 ◦C, percentage of children with a history of fever, vomiting, seizures or cyanosis, percentage of children needing mechanical ventilation and
percentage of children presenting with World Health Organization severe pneumonia definition.

f Other laboratory investigations assessed that were not significantly different between HIV-infected and HIV-uninfected children included: percentage of children
presenting with C-reactive protein levels ≥40 mg/l or procalcitonin levels ≥2 ng/ml and mean white cell count.

g Streptococcus pneumoniae was isolated from one HIV-infected child and in two  HIV-uninfected children in whom WUPyV was detected.
ed: Str

(

r
c
d
c
c

WUPyV was  the only respiratory-virus identified, neither had evi-
h Bacteria isolated from HIV-infected children in whom KIPyV was detected includ
n  = 1).

ather than bronchiolitis. Pneumococci were isolated by blood
ulture in one HIV-infected child and two HIV-uninfected chil-

ren with WUPyV-associated LRTI (Table 1). HIV-infected (11.1%)
ompared to HIV-uninfected children (0%, p = 0.04) had a higher
ase fatality rate (CFR). The two HIV-infected children who died

Fig. 1. Seasonal variation in identifying WU-  and KI-polyomavirus in children hospitalize
eptococcus pneumoniae (n = 3), Escherichia coli (n = 2) and Haemophilus parainfluenzae

were 13 and 15 months old, both presented with pneumonia and
dence of bacteraemia nor pulmonary tuberculosis and the one
child tested for Pneumocystis jiroveci (PCP) infection was negative
(Table 2).

d for lower respiratory tract infection between February 2000 until January 2002.
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Table  2
Characteristics of the eight pneumococcal conjugate-unvaccinated children who died during hospitalization for lower respiratory tract infections where polyomaviruses WU
or  KI were detected.

HIV status Virus detecteda Age at
hospitalization
(months)

Gender Diagnosis Chest X-ray
result

CRP (mg/l) PCT (ng/ml) Bacteria
isolated from
blood

P. jiroveci
infection

Infected WUPyV 13 Female Pneumonia Normal 2 Unknown No No
Infected WUPyV 15 Male Pneumonia Alveolar

consolidation
Unknown Unknown No Not test

Uninfected KIPyV+CoV-229E 3 Female Pneumonia Uninterpretable 1 Unknown No Yes
Uninfected KIPyV+PIV 3 Male Pneumonia Alveolar

consolidation
39 0.4 No Not test

Infected KIPyV 2 Female Bronchiolitis Normal 142 62.2 No Not test
Infected KIPyV 11 Female Pneumonia Unknown 258 26.8 Escherichia coli Yes
Infected KIPyV+CoV-OC43 2 Male Pneumonia Alveolar

consolidation
21 0.6 No Yes

Infected KIPyV+hRV+hBoV 12 Female Bronchiolitis Unknown 371 84.3 Escherichia coli No

CRP: C-reactive protein; PCT: procalcitonin. None of the children who died had pulmonary tuberculosis.
a Including viruses previously-tested by immunofluorescence assay [Influenza A, respiratory syncytial virus (RSV), parainfluenza viruses (PIV) and adenovirus] and by

n s (hBo
-
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ested-PCR (human metapneumovirus) and newly-tested viruses [human bocaviru
229E  and polyomavirus-WU (WUPyV) and -KI (KIPyV)].

.2. KIPyV-associated LRTI hospitalization in PCV-unvaccinated
hildren

KIPyV was  detected in 10.2% of the specimens available from
IV-infected and in 7.4% from HIV-uninfected children (p = 0.13)

Table 1). Recurrent KIPyV-associated LRTI episodes occurred in
ve HIV-infected children, including three children with two
pisodes each, one child with 3 episodes and one child with

 episodes. There was  a single HIV-uninfected child with two
IPyV-positive LRTIs. Identification of KIPyV was  perennial, albeit
ncommon during November and December 2001 (Fig. 1). There
as a lower prevalence of KIPyV detection in 2000 compared

o 2001 among HIV-infected (6.6% [13/198] vs. 18.4% [16/87];
 = 0.002); no difference was evident in HIV-uninfected children
etween the two calendar years (8.2% in 2000 vs. 5.7% in 2001;

 = 0.34).
KIPyV was  frequently detected in combination with other

espiratory-viruses in both HIV-infected (75.9%) and HIV-
ninfected children (74.3%) (Table 1). In HIV-infected the most
ommon co-detected viruses included hRV (51.7%, n = 15), WUPyV
nd hMPV (10.3%, n = 3 each). In HIV-uninfected the most com-
on  viruses associated with KIPyV were hRV (31.4%, n = 11), hMPV

14.3%, n = 5) and WUPyV (11.4%, n = 4).
HIV-infected compared to HIV-uninfected children with KIPyV-

ssociated LRTIs were more likely to have oxygen saturation <90%,
igher respiratory rate, longer duration of hospitalization (median
range]: 5.0 days [1–29] vs. 1.0 day [1–15]; p = 0.008) and were more
ikely to have alveolar consolidation on chest X-ray (CXR-AC) and
oncurrent bacteraemia (Table 1). Pneumococci were isolated from
hree HIV-infected children.

Four HIV-infected (13.8%) and two HIV-uninfected (5.7%) chil-
ren in whom KIPyV was detected died during hospitalization.
IV-uninfected children with KIPyV-associated LRTI who died
ompared with those who survived were younger (3 vs. 12 months;

 = 0.03). Both HIV-uninfected children, aged 3 months, presented
ith pneumonia, had co-infections with other viruses and one

hild (who was malnourished) also had PCP infection (Table 2).
f the four HIV-infected children who died, KIPyV was  the only

espiratory-virus identified in two of them although at least one
as co-infected with PCP. Overall, five of the six children who
ied had indirect markers of bacterial infection, including three

IV-infected with raised C-reactive protein and procalcitonin lev-
ls (two of whom also had Escherichia coli bacteraemia) and the
ther two (one HIV-infected and one HIV-uninfected) with CXR-AC
Table 2).
V), human rhinovirus (hRV), human coronaviruses (CoV)-OC43, -NL63, -HKU1 and

4.3. Effect of PCV9 on the incidence of polyomavirus-positive
LRTIs

As an exploratory analysis the effect of PCV9-vaccination on
the incidence of polyomavirus-associated pneumonia hospitaliza-
tions was evaluated. In fully vaccinated HIV-uninfected children,
the incidence of WUPyV-positive clinical pneumonia hospitaliza-
tions was 48.5% (95% CI: 9.1, 70.8) lower in children who  received
PCV9 compared to placebo-recipients (Table 3). A similar VE point-
estimate was observed in cases restricted to episodes in which
WUPyV was the sole detected virus (45.4%, 95% CI: −47.6, 79.8).

There were also reductions in the incidence of hospitalization
for KIPyV-associated clinical pneumonia in PCV9-recipients com-
pared to placebo-recipients overall (51.3%, 95% CI: 14.5, 72.3) and
specific in HIV-uninfected children (80.0%, 95% CI: 41.4, 93.2). Sim-
ilar reductions were observed when KIPyV was the only identified
virus (Table 3).

No differences in incidence were observed between PCV9- and
placebo-recipients in hospitalizations for WUPyV- or KI-associated
clinical pneumonia in HIV-infected children and in hospitalizations
for WUPyV- or KIPyV-associated bronchiolitis.

5. Discussion

To our knowledge, this is the most detailed report on the preva-
lence and clinical features of LRTIs where polyomaviruses were
detected in HIV-infected and -uninfected children. Among hospi-
talized HIV-infected children, WUPyV was detected in 6% of the
cases and KIPyV in 10%. In HIV-uninfected children the prevalence
of WUPyV was 14% and of KIPyV was 7%. In HIV-infected chil-
dren 11–14% of the cases positive for at least one polyomavirus
were fatal and in 67% (4 cases in total) of these WUPyV or KIPyV
were identified as single-detections. Our study also established a
possible interaction between polyomaviruses and pneumococcus
in HIV-uninfected children, although this may have been masked
in HIV-infected children in whom PCV9-vaccination was demon-
strated to be less efficacious against pneumonia [17].

WUPyV was detected in 9% of respiratory samples from chil-
dren presenting with upper or LRTI in Germany, 7% in South Korea
and South Africa and 6% in Thailand; KIPyV has been identified
in 1–6% of children presenting with respiratory-tract infections

[12,13,20–22]. Another study from South Africa reported that 57%
of 21 children with LRTIs with WUPyV and 33% of 3 with KIPyV
were HIV-infected, however, the HIV-status was  unknown in 50%
of the cases [12]. In that same study, both polyomaviruses were
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Table 3
Differences in incidence of WUPyV and KIPyV-associated lower respiratory tract infections between fully-immunized children who received 9-valent pneumococcal conjugated vaccine and placebo recipients; per-protocol
analysis.

HIV-infected HIV-uninfected Overall

PCV9
(n = 1180)

Placebo
(n = 1182)

Vaccine
efficacy (95%
CI)

p-value PCV9
(n = 17,065)

Placebo
(n = 17,086)

Vaccine
efficacy (95%
CI)

p-value PCV9
(n = 18,245)

Placebo
(n = 18,268)

Vaccine
efficacy
(95% CI)

p-value

WUPyV-positive clinical
pneumonia

18 15 −20.2 0. 60 18 35 48.5 0.02 36 50 27.9 0.13
(−101.7,  61.2) (9.1, 70.8) (−10.6, 53.0)

WUPyV  single-detection clinical
pneumoniaa

5 9 44.4 0.42 6 11 45.4 0.23 11 20 44.9 0.11
(−65.6,  81.3) (−47.6, 79.8) (−14.9, 73.6)

WUPyV-positive bronchiolitis 2 1 −100.3 0.63 22 23 4.2 0.89 24 24 −0.13 0.10
(−2106.4, 81.8) (−71.8, 46.6) (−76.2, 43.1)

WUPyV-positive LRTI 20 16 −25.2 0.50 40 56 28.5 0.10 60 72 16.6 0.30
(−140.4,  34.8) (−7.3, 52.3) (−17.5, 40.7)

WUPyV single-detection LRTIa 5 9 44.4 0.42 11 15 26.6 0.43 16 24 33.2 0.21
(65.6,  81.3) (−59.8, 66.3) (−25.6, 64.5)

KIPyV-positive clinical pneumonia 14 17 17.5 0.59 4 20 80.0 0.001 18 37 51.3 0.01
(−66.7,  59.2) (41.4, 93.2) (14.5, 72.3)

KIPyV  single-detection clinical
pneumoniaa

3 4 24.9 0.50 1 6 83.3 0.13 4 10 59.9 0.18
(−234.9, 83.1) (−38.6, 98.0) (−27.7, 87.4)

KIPyV-positive bronchiolitis 0 2 100 0.50 5 8 37.4 0.58 5 10 49.9 0.30
(−91.2, 79.5) (−46.4, 82.9)

KIPyV-positive LRTI 14 17 17.5 0.59 9 27 66.6 0.003 23 44 47.7 0.01
(−66.6,  59.2) (29.1, 84.3) (13.4, 68.4)

KIPyV  single-detection LRTIa 3 4 24.9 0.50 1 8 87.5 0.04 4 12 66.6 0.08
(−234.9, 83.1) (0.0, 98.4) (−3.5, 89.2)

LRTI: lower respiratory tract infections; PCV9: 9-valent pneumococcal conjugate vaccine.
a Single-detection: if only one single virus was  detected in nasopharyngeal aspirates.
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bsent among 50 healthy immunocompetent controls [12]. The role
f WU/KIPyV as more serious pathogens in immunocompromised
ndividuals is uncertain. Higher viral loads of PyV were docu-

ented in lymphoid tissues and in the brains of HIV-infected adults
ompared to those from immunocompetent individuals [23,24].
imilarly higher KIPyV viral loads were found in respiratory-tract
pecimens from haematology/oncology paediatric patients with
espiratory infections, however, whether the viral loads correlated
ith disease severity was not established [13]. These observations

uggest that there may  be more viral replication and/or that poly-
maviruses might reactivate in immunosuppressed individuals,
mplying that T-cell impairment might be a factor in facilitating
olyomavirus replication. Norja et al. found that WU/KIPyV detec-
ion on respiratory samples occurred predominantly in two groups
f subjects: immunocompetent <2 years of age with LRTIs (7%) in
hom there was a high frequency of co-infection (75%), and among

lder, generally immunocompromised individuals without respi-
atory illness (11%) or with mild upper respiratory-tract infections
7%) [7].

Although our study was not designed to establish whether poly-
mavirus infections caused more severe disease in HIV-infected
hildren, among hospitalized children in whom polyomaviruses
ere detected HIV-infected were more likely to present with
neumonia rather than bronchiolitis, had a longer duration of hos-
italization and higher CFR compared to HIV-uninfected children.
imilar observations have been detected between HIV-infected and
IV-uninfected children for other viruses [18], and consequently
ay  not necessarily infer causality for polyomaviruses precipi-

ate more severe illness in HIV-infected children. The increased
orbidity and mortality in HIV-infected children could have been

elated to other co-morbidities such as bacterial or other non-viral
o-infections. In the absence of sensitive tools for diagnosing bacte-
ial pneumonia, as well as lack of investigating for other non-viral
auses of pneumonia, our study is unable to conclude the actual
ole of polyomaviruses to more severe disease in HIV-infected
hildren. Nonetheless, the higher CFR, as well as that four fatal
ases with polyomavirus as the sole respiratory-virus detected
ere all HIV-infected children suggest a possible association of
olyomavirus causing severe disease in HIV-infected. Furthermore,
ve HIV-infected children had recurrent KIPyV-positive LRTIs com-
ared to only one HIV-uninfected child. This could have been due to
xtended viral shedding, viral reactivation or reinfection. A study
rom Germany detected KIPyV DNA in the respiratory-tract of an
mmunocompromised child for 7 months and hypothesized that

 KIPyV infection during childhood could result in latency of the
irus in normal individuals, however, an immune impairment could
esult in viral reactivation [25]. In 2001 the detection rate of KIPyV
n HIV-infected children was higher than in 2000 this may  be
ecause of the older cohort in 2001, hence possibly different risk of

nfection, or differences in year-to-year epidemics.
The concept of a vaccine-probe analysis was initially used in

ttributing the contribution of Haemophilus influenza-type b in the
etiology of radiological-confirmed pneumonia, as well as subse-
uently in PCV trials [14,16,19]. We  have used the same approach

n probing the likelihood of co-infection by PCV9-serotypes in chil-
ren hospitalized for pneumonia associated with influenza virus,
IV and hMPV [14,15]; and we demonstrated that 44–58% of chil-
ren hospitalized for pneumonia-associated with these viruses
ere likely to have pneumococcus co-infection [14,15]. Using this

ype of analysis, our study suggests that co-infections with PCV9-
erotypes contribute to hospitalizations for clinical pneumonia
n which WU/KIPyV were identified. The imputed rate of co-

nfection of pneumococci in children with polyomaviruses-positive
neumonia from our study provides a conservative estimate of
his possible interaction as only 9 serotypes were included in
he vaccine and VE even against vaccine-serotypes pneumococcal
l Virology 61 (2014) 571–578 577

pneumonia was  not 100%. The high VE estimate for KIPyV-positive
disease needs to be contextualized within the wide uncertainty
bounds of this estimate. The suggested interaction between poly-
omaviruses and pneumococcus warrants further study.

High co-infection rates with other respiratory-viruses were
found for WUPyV and KIPyV which are similar to previous reports
[6,13,20]. In the absence of a control group of children without LRTIs
a definitive causal relationship between polyomavirus detection
and disease could not be inferred and this constitutes a limita-
tion of our study. Another limitation of our study is that we relied
on NPAs, where identification of an organism does not necessarily
imply infection. Also in our study the HIV-infected children were
not treated with anti-retroviral treatment (ART), which may  have
contributed to their clinical course and may  differ to HIV-infected
children treated with ART.

Determining the aetiology of pneumonia remains a challenge,
especially in children and the pathogenic potential of some of
the newly-described respiratory-viruses is difficult to address in
the context of multiple infections and without specific symptoms.
Although polyomaviruses were frequently detected in children
hospitalized for LRTIs in our study, further studies which include
autopsy samples from fatal LRTI cases, lung aspirate ant-mortem
and also enrolment of healthy controls [26], are required to clarify
the role of polyomaviruses in the pathogenesis of pneumonia.
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