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Rhinovirus (RV) role in pathogenesis of severe childhood disease remains controversial. We aimed to explore the
association between RV molecular subtyping, nasopharyngeal viral loads and viremia with childhood pneu-
monia. Nasopharyngeal and blood samples from cases and controls were tested for RV and the 5 non-coding
region sequenced. The cases compared to controls had a similar prevalence of RV detection in the nasopharynx
(23 % vs. 22 %, P = 0.66), similar RV species distribution (A, B, C = 44 %, 8%, 44 % vs. 48 %, 7%, 38 %;
respectively; P = 0.66) and similar viral load (4.0 and 3.7 log10 copies/mL, P = 0.062). However, RV-viremia

was 4.01-fold (aOR 95 % CI: 1.26-12.78) more prevalent among cases (7%) than controls (2%), P = 0.019.
Furthermore, among cases and controls RV-C was more commonly associated with viremia (14 % and 4%,
P = 0.023), than RV-A (2% and 1%; P = 0.529). Thus RV-viremia could be used as a measure for attributing
causality to RV in children hospitalized for pneumonia.

1. Introduction

Rhinovirus (RV) has been widely associated with the common cold;
however, RV has also been detected in children with severe respiratory
disease [1-7]. However attributing causality of illness to RV is compli-
cated since it is also routinely detected in asymptomatic individuals [8].

RV's are single stranded positive-sense non-enveloped ribonucleic
acid viruses with = 7.2 kb genome. Presently more than 100 types have
been classified into 3 species - RV-A: 74 known types, RV-B: 25 types,
and most recently classified RV-C with > 50 types [6,9-11]. The vast
diversity of RV types may account for the differences in clinical phe-
notypes between sick and asymptomatic individuals [12]. Further,
studies on children with respiratory tract infection (RTI) have in-
vestigated the association of RV viral load and presence of RV-viremia
as markers of disease severity [13,14]. These studies, however, did not
enroll asymptomatic controls, which limited any inferences on the as-
sociation of RV-viremia to disease status or as a marker of disease se-
verity.

We hypothesize that RV-viremia could provide evidence for the
etiological role of RV in severe lower respiratory tract infection in in-
fants and children.

2. Materials and methods
2.1. Case and control definitions

This study was undertaken in Soweto, South Africa, from August
2011-August 2013. Details on enrolment of cases and controls in the
Pneumonia Etiology Research for Child Health (PERCH) study have been
described elsewhere in great detail [15,16]. Briefly, pneumonia cases
were children aged 1-59 months hospitalized with World Health Orga-
nization (WHO)-defined pneumonia (according to the pre-2013 defini-
tions) [17,18]. Prior to enrolment, cases received a bronchodilator
challenge in order to exclude cases with hyper-reactive airway. Controls
were enrolled from the same community as cases and were matched 1:1
to cases on age-group frequency and HIV-status. The community controls
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were invited to present at the day-clinic for sample collection and clinical
evaluation. The controls could have signs and symptoms of respiratory
illness as long as they did not fulfil the criteria for severe pneumonia.

2.2. Specimen collection and laboratory testing

Upon enrolment, flocked nasopharyngeal (NP) swab (Flexible
minitip, Copan®, USA), rayon oropharyngeal (OP) swab specimens and
blood specimens were collected from cases and controls. The swabs were
placed in the same vial containing 3 mL of Universal Transport Media
(Copan®) and kept at 4—8 °C for a maximum of 24 h, and then archived
at —70 °C until tested. Total nucleic acids (NA) were extracted from the
swabs using the NucliSens EasyMag extraction system as per manu-
factures’ instructions (bioMérieux, Marcy 1'Etoile, France) and were
tested by multiplex PCR for evidence of 33 pathogens including RV (FTD-
Resp33, Fast-track Diagnostics, Sliema, Malta) [19]. Standard curves
were used to calculate pathogen load from PCR cycle threshold values.

Other investigations included blood culture on cases using the
BacT/Alert microbial system(Organon Teknika, Durham, NC). Further,
induced sputum samples were collected for all cases and tested on the
FTD-Resp33 kit; however, the results did not add any additional in-
formation beyond that of the NP/OP specimens (substantial kappa
concordance = 0.65; P < 0.001); thus they were not included in this
analysis nor the aetiology analysis of the entire PERCH study [20]. The
NP/OP specimens also had the analytical advantage of being available
for both cases and controls.

2.3. Determination of RV molecular subtyping

All RV positive NP/OP samples were analyzed using single round PCR
assays targeting a 390bp area in the 5’ non-coding region of the RV genome
as previously described [21,22]. The primer sequences were DK0O1 for-
ward (5- CAAGCACTTCTGTTTCC - 3’) and reverse primer DK004 (5" —
CACGGACACCCAAAGTAGT - 3") using Promega Access RT according to
manufacturers’ instructions (Promega, Belgium). PCR amplicons were se-
quenced bidirectionally using the BigDye Terminator V3.1 sequencing kit
(Applied BioSystem, Foster City, CA) using the same primers.

The sequences were analyzed and aligned using the ClustalW al-
gorithm implemented in Geneious 4.7.6 [23], and the resultant con-
sensus sequence was compared with reference RV sequences using the
nucleotide-nucleotide BLAST algorithm (http://www.ncbi.nlm.nih.gov)
from GenBank in order to identify the RV species (A, B and C). Phylo-
genetic trees were constructed using neighbor-joining methods using
Kimura’s 2-parameter technique with bootstrap values estimated with
1000 bootstrap replications [24] with evolutionary analysis conducted
in MEGA-6 [25].

2.4. Detection of RV-viremia

The blood samples of all cases and controls testing positive for RV in
their NP/OP samples were tested for the presence of RV-viremia using the
same primers (DKOO1 and DK004) and methods as those used for de-
termining the RV molecular subtyping in the respiratory samples. These
primers have been validated in previous studies of RV-viremia, and were
found to be highly sensitive in blood samples [22]. In addition, blood from
70 cases and 70 controls negative for RV in NP/OP samples, were tested for
the presence of RV-viremia. Total NA were extracted from archived blood
samples using the NucliSens EasyMag robot(bioMérieux, France) using the
blood specific extraction protocol as per manufacturers’ instructions.

2.5. Statistical analysis

PCR quantifications were logjo transformed. Chi-squared and
Wilcoxon tests were used to analyze the demographic characteristics of
cases and controls. Binary, multinomial logistic regression and odds ratio
analyses were used to model the prevalence of RV in the study population.
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We initially performed a univariate analysis that included age categories,
sex, HIV infection and exposure, socio-economic status, severity of pneu-
monia diagnosis, presence of fever and hypoxia, chest radiographic find-
ings and case fatality ratios as independent variables. Additionally, we also
performed univariate analysis for markers of likely bacterial co-infection,
presence of different respiratory viruses detected by the FTD33 assay and
RV-species. Independent variables identified with a P-value < 0.2 in the
univariate analysis were included in the multivariate models. All statistical
analyses and reverse cumulative plots were performed using STATA
Version 12.1(College Station, TX, USA) and a two-sided P-value < 0.05
was considered statistically significant. The sequences for all RV-positive
samples have been deposited in GenBank(MK858576-MK858936).

3. Results
3.1. RV subtyping among cases and controls

A total of 920 cases and 964 controls were enrolled, of whom 23 %
(n = 210) and 22 % (n = 212) respectively(P = 0.66) had RV identified
on NP/OP samples by PCR. Further, cases and controls with RV infec-
tion were similar with regard to median age, HIV-positivity, and RV
load; furthermore, there was no discernible NP/OP density threshold
for differentiating RV-positive cases from controls on reverse cumula-
tive plot analyses. RV-positive cases compared to RV-positive controls
were however more likely to be male (55 % vs. 46 %, adjusted
P =0.027) and malnourished (8% vs. 2%, adjusted P = 0.019);
Table 1. Additionally, the RV-associated cases were 1.95-fold (aOR 95
%CI: 1.28-2.97) more likely to have any respiratory virus co-infection
compared to controls (45 % vs. 31 %, P = 0.001), specifically with RSV
(16 % vs. 2%, adjusted P < 0.001); Table 1.

The 5’ NCR of the RV genome was successfully amplified in 99 %
(n = 207) and 96 % (n = 213) of case and control NP/OP samples,
respectively. The samples that failed to amplify had late cycle threshold
values > 35 during FTD analysis, indicating a low density of RV.
Furthermore, sequencing analysis established that 4% (n = 9) and 7%
(n = 14; P = 0.262) of samples among cases and controls, respectively,
were in fact enteroviruses and thus were excluded from further ana-
lysis. The proportional distribution of RV species did not differ between
cases compared to controls; Table 1 and Fig. 1.

3.2. RV-viremia

Overall, 7% (n = 13) of cases and 2% (n = 4) of controls were
identified as having RV-viremia (adjusted P = 0.019). Furthermore,
RV-C viremia was 4.43-fold (aOR 95 %CI: 1.22-16.04) more prevalent
among RV-C positive cases (12 %, n = 11) than RV-C positive controls
(4%, n = 3), adjusted P = 0.023. The positivity rate of RV-viremia
among cases differed between RV species, being highest for RV-C (12
%, n = 11), lower for RV-A (2%, n = 2; P = 0.025) and not identified
for any of the RV-B cases (0%); Table 2. For cases and controls with
viremia, the RV species detected in blood was identical to the re-
spiratory species and RV-viremia was not detected in any of the cases or
controls testing negative for RV in their NP/OP swabs.

The majority of the RV-viremia cases were more than 1 year of age
(mean age of 14 months), with no viremia detected in cases < 6 months
of age compared to a mean age of 6 months in the viremia negative RV-
associated cases (P = 0.001). Further, RV-associated viremic cases were
less likely to be hospitalized for =5 days compared to non-viremic cases
(23 % vs. 62 %, P = 0.006). The presence of viremia among cases was not
associated with any of the other features of more severe disease; Table 3.

3.3. Nasopharyngeal RV load
The NP/OP viral load in RV-associated pneumonia cases did not

differ by any clinical or demographic characteristics, except the pre-
sence of fever (3.82 vs. 4.25 log;o copies/mL, adjusted P = 0.009).
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Table 1
Demographics of RV-positive cases and RV-positive community controls.
Characteristics, n (%) N RV + cases (n = 210) RV + controls (n = 212) Unadjusted aOR (95 % CI) Adjusted
P-value P-value

Age (month), median (IQR) 422 6.5 (3-14) 7 (4-13) 0.090 0.129
-1-6 months 172 93 (44) 79 (37)

-7-12 months 131 58 (28) 73 (34) 0.240 0.227
> 12 months 119 59 (28) 60 (28)

Male 422 115 (55) 98 (46) 0.080 1.58 (1.05-2.38) 0.027

HIV + 421 28 (13) 18 (8) 0.175 1.65 (0.86-3.15) 0.130

HEU" 421 67 (32) 52 (25) 0.155 1.40 (0.89-2.19) 0.148

Never breast fed 422 64 (30) 75 (35) 0.284 0.75 (0.49-1.16) 0.201

Under weightb 416 17 (8) 5(2) 0.008 3.58 (1.23-10.42) 0.019

Day Care attendance 418 28 (13) 31 (15) 0.930 0.87 (0.48-1.60) 0.655

Smoker in household 421 81 (39) 66 (31) 0.157 1.39 (0.90-2.13) 0.134

Birth weight, Median (IQR) 405 3(2.6-3.4) 3(2.6-3.3) 0.694 0.769

RV genotyping:

RV-A 188 91 (44) 97 (48)
RV-B 30 16 (8) 14 (7)
RV-C 169 91 (44) 78 (38) 0.499 0.661

Un-typeable 12 3 () 94

Enterovirus 23 9(4) 14 (7)

RV load, mean (SD)* 422 4.0 (0.98) 3.7 (0.94) 0.060 0.062

Viral co-detections in the nasopharynx:

RV Mixed-infection® 422 100 (48) 66 (31) 0.003 1.99 (1.32-3.01) 0.002
RSV 422 33 (16) 5(2) < 0.001 8.26 (3.07-22.10) < 0.001
Adv 422 22 (10) 24 (11) 0.781 1.11 (0.58-2.14) 0.738
HMPV 422 7 (3) 5(2) 0.547 1.36 (0.42-4.47) 0.608
HBoV 422 31 (15) 24 (11) 0.294 1.50 (0.81-2.81) 0.195
Infl A-C 422 21 21 0.992 0.98 (0.13-7.13) 0.983
PIV 422 12 (6) 7 (3) 0.238 1.73 (0.66-4.52) 0.262
HCoV 422 15 (7) 16 (8) 0.874 0.96 (0.46-2.02) 0.920

Abbreviations — RV: Rhinovirus; n: number; OR: Odds ratio; aOR: Adjusted odds ratio; CI: Confidence interval; SD: Standard deviation; IQR: Interquartile range; HIV:
Human immunodeficiency virus; HEU: HIV exposed uninfected; RSV: respiratory syncytial virus; AdV: adenovirus; HMPV: Human metapneumonia virus; HBoV:
Human bocavirus; Infl: influenza virus; PIV: parainfluenza virus; HCoV: Human coronavirus. P-values from Chi-square and Wilcoxon tests - logistic regression models
adjusted for confounding variates (< 0.2 in univariate analysis) where applicable; odds ratios could not be calculated for variables with zero observations. *All
characteristics are expressed as n (%); unless otherwise stated in the table.

@ HEU defined as HIV-uninfected although HIV-exposed in utero or postnatally. Undetectable viral load, HIV seronegative in the child with a positive maternal
history of HIV infection. Positive maternal HIV status based on self-report was accepted, except for seronegative children < 7 months of age where documented
positive maternal HIV status was required.

> Underweight defined as weight for age < -2SD of the mean age-sex specific WHO reference.

RV load in the nasopharynx, expressed as log10 copies/mL.
Any co-infection with other detected respiratory virus including cases with > 2 co-infecting viruses.

¢ RV was the only respiratory virus detected in the nasopharynx.

Similarly, RV load among community controls also did not differ by any
clinical or demographic characteristics. RV load was, however, higher
among controls with symptoms of RTI compared to asymptomatic
controls (4.48 vs. 3.77 logyo copies/mL, P = 0.041); Table 4.
Regardless of the small number of viremic positives, among children
with RV-associated pneumonia, the presence of viremia was associated
with higher RV load compared to non-viremia cases (4.67 vs. 3.90 log;¢
copies/mL, P = 0.028). This difference was mainly driven by the RV-C
species (4.72 vs. 3.87 log;o copies/mL, P = 0.016), whilst not evident
for RV-A (P = 0.765). Similarly, among RV-associated controls, the
viral load was higher in the presence of viremia compared to the non-
viremic controls (4.83 vs. 3.79 log;, copies/mL, P = 0.018); Table 4.
Furthermore, there was a discernible NP/OP density threshold of
=4log,o copies/mL for differentiating RV-viremia participants from
viremia negative participants on reverse cumulative plot analyses;
Fig. 2A, B and C, with 93 % of viremic cases and 100 % of viraemic
controls compared to only 37 % (P < 0.001) of non-viraemic cases and
38 % (P = 0.012) of non-viraemic controls having a NP/OP viral load
=4log,o copies/mL. Furthermore, the same association of a higher
percentage of viremic compared to non-viremic cases having NP/OP
viral loads of =4log;o copies/mL was observed for infection by RV-C
pneumonia cases (100 % vs. 37 %, P < 0.001) and among the RV-C
controls (100 %, vs. 42 %, P = 0.048); Fig. 2E and F. There was no
difference in the RV load between viremic cases (4.67 log;o copies/mL)
compared to viremic controls (4.83 log;o copies/mL), P = 0.285.

4. Discussion

In this case-control study of WHO-defined pneumonia etiology in
children under-5 years of age living in South Africa, the prevalence of
RV detection by PCR on nasopharyngeal samples did not differ between
cases (23 %) and controls (22 %). Furthermore, the molecular sub-
typing of the RV-positive study participants was similar between cases
and controls, thus highlighting the need for additional techniques for
determining the true etiological role of RV in disease. We did, however,
observe a 4-fold difference in RV-viremia between these two groups
(7% vs. 2% in cases and controls, respectively) regardless of the small
sample size. These findings could indicate an attributable role of RV
infection in the pathogenesis of pneumonia, albeit lower than would
have been imputed solely based on RV nasopharyngeal positivity in
cases. Thus the focus on identification of RV on nasopharyngeal sam-
ples and in the absence of adequate control selection might falsely at-
tributed a greater role of RV to the pathogenesis of pneumonia.

Over-attribution of pneumonia etiology to RV could, however, be
partly mitigated by the use of RV-viremia detection, or nasopharyngeal
RV load density as a relative proxy for RV viraemia, with a threshold
density of =4log;, copies/mL significantly discriminating between RV-
viremic and non-viraemic cases. Additionally, the detection rates of RV-
C viremia were higher than both RV-A and RV-B; in fact, no RV-B
viremia cases were detected which is in line with other studies which
have also failed to detect viremia due to RV-B [13,14,22,26]. This could
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be related to the much lower prevalence of RV-B in the population (9%
among cases and 8% among controls), but strongly supports evidence to
the hypothesis that RV-B might have lower pathogenicity than RV-A
and RV-C [27-29].

The correlation between viremia and high viral loads found in this
study concurs with a previous Italian study. They postulated that high
viral loads were a prerequisite for viremia, and that viremia was asso-
ciated with more severe disease [13]. However, in our study, no posi-
tive correlations were found between RV nasopharyngeal viral loads
and RV-viremia with markers for more severe disease. In fact those with
RV-viremia had shorter hospital stays compared to the non-viremia
cases. All of the children in this study were hospitalized with severe or
very-severe pneumonia whereas the Italian study was conducted in
children with both upper and lower respiratory tract which could ac-
count for the differences seen in the association of RV-viremia with
more severe disease outcomes. Further; the RV-viremia detection rate in
our study (7%) was lower than reported in previous studies (11 %-12
%) [13,14,22], although all of the cited studies were conducted in
children less than 14 years of age hospitalized with upper or lower RTI;
whereas, we only enrolled children 1-59 months of age hospitalized
with pneumonia. In a study from Greece [14], 11 % of hospitalized RV
nasopharyngeal positive children had RV-viremia, the majority (70 %)
of the RV-viremia positive cases presented with asthma exacerbations,
whilst no RV-viremia cases were detected among children hospitalized
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Fig. 1. A phylogenetic analysis of RV sequences. Sequences
with closed circles denote types identified in NP/OP case
samples (@) and sequences with open circles denote types
identified in NP/OP control samples (O). Red, closed circles
(@) denote types identified in viremia cases and red, open
circles (O) denoted types identified in control with viremia.
Closed triangles ( A) denote reference strains from GenBank.
RV-A types are indicated by purple branches, RV-B types are
indicated by green branches and RV-C are indicated by light
blue branches. Bootstrap values after 1000 replicates are
shown next to the branches, values < 70 % have been omitted
from the tree. The phylogenetic tree is drawn to scale and the
branch lengths are in relation to the lengths of those used to
infer the tree (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of
this article).

with RV-associated pneumonia. Similarly, in the Philippines study [22],
the majority (73 %) of the RV-viremia positive cases were in children
presenting with wheezing disease. Thus the low viremia detection rates
reported in our study could be related to cases receiving a bronchodi-
lator challenge prior to enrolment, which sought to exclude children
with responsive hyperactive airway disease from being enrolled.
Importantly, none of the above-mentioned studies enrolled controls.
In our study, viremia and high RV loads was seen among both cases and
controls indicating the need for inclusion of controls in epidemiology
studies on the role of RV in the pathogenesis of pneumonia. Of the four
controls positive for RV-viremia, one had an upper RTI and the re-
maining three were asymptomatic at the time of sampling. However,
RV-viremia has been described to be mainly detected during the early
stages of disease symptomatology [14], and the viral load of RV was
substantially higher among our controls with RV-viremia. Thus the
three RV-viremia positive controls could have been in the incubation
period of illness at the time of sampling. One of the limitations of our
study was that controls were not systematically followed up post sam-
pling, hence we were unable to confirm that these children did not
subsequently develop pneumonia that required hospitalization. A Fin-
nish case-control study which enrolled asymptomatic controls in addi-
tion to cases with acute expiratory wheezing, observed that 38 % of the
RV positive controls developed respiratory symptoms within the week
following sampling [30]. Nevertheless, the detection of RV-viremia

Table 2
RV molecular subtyping by sample type and viremia status in RV-associated pneumonia cases.
Cases (n = 198) Viremia- (n = 185) Viremia+ (n = 13) P-value Controls (n = 189) Viremia- (n = 185) Viremia+ (n = 4) P-value
RV-A 91 89 (48) 2 (15) 96 95 (51) 1(25)
RV-B 16 16 (9) 0 0.001 14 14 (8) 0 0.384
RV-C 91 80 (43) 11 (85) 79 76 (41) 3(75)

Abbreviations: RV: rhinovirus, n: number. *All variables are expressed as n (%) where % refers to proportion of species within the column; P-values calculated using

Fisher’s exact test and t-test where necessary.
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Table 3
Characteristics and outcomes of children hospitalized with RV-associated pneumonia by viremia status.
Characteristics, n (%)* Viremia (n = 13) No viremia (n = 185) Unadjusted aOR (95 % CI) Adjusted
P-value P-value
Age in months, median (IQR) 14 (10-16) 6 (3-12) 0.002 0.001
-1-6 months 0 89 (48)
-7-12 months 6 (46) 47 (25) 0.005 0.011
> 12 months 7 (54) 49 (26)
Male 7 (54) 81 (44) 0.480 2.16 (0.65-7.18) 0.208
HIV + 0 28 (15) 0.130 0.269
HEU® 6 (46) 59 (31) 0.290 1.78 (0.54-5.87) 0.347
Never breast fed 6 (46) 55 (30) 0.215 2.38 (0.71-7.99) 0.158
Under weight” 0 17 (9) 0.253 0.505
Day care attendance 4 (31) 21 (11) 0.202 2.78 (0.66-11.72) 0.163
Smoker in household 5 (38) 71 (38) 0.965 0.80 (0.23-2.75) 0.723
Premature birth® 2 (15) 34 (18) 0.619 0.61 (0.12-3.14) 0.558
Birth weight, mean (SD) 3(2.8-3.1) 2.9 (2.7-3) 0.775 0.687
Clinical Features:
Very severe pneumonia 7 (54) 65 (35) 0.175 2.50 (0.76-8.24) 0.132
Chest radiograph abnormal® 6 (46) 93 (53) 0.611 0.71 (0.21-2.43) 0.590
Supplementary Oxygen therapy 12 (92) 171 (92) 0.987 1.11 (0.12-10.25) 0.925
Hypoxia® 9 (69) 137 (75) 0.653 0.95 (0.26-3.50) 0.941
Tachycardia[ 9 (69) 87 (47) 0.126 2.14 (0.59-7.83) 0.249
Tachypnea® 12 (92) 147 (81) 0.300 2.24 (0.25-19.77) 0.467
Fever 7 (54) 130 (70) 0.223 0.58 (0.17-1.95) 0.385
Wheezing 8 (62) 67 (37) 0.064 2.77 (0.87-8.81) 0.084
Cough 13 (100) 157 (85) 0.552 0.864
Central cyanosis 0 1) 0.790 0.181
Hospital stay =5 days 3(23) 114 (62) 0.006 0.21 (0.05-0.94) 0.041
Case fatality ratio 0 11 (7) 0.382 0.756
Laboratory markers:
Leukocytosis" 9 (69) 92 (50) 0.174 2.50 (0.70-8.99) 0.159
CRP =40 mg/Li 4 (31) 45 (24) 0.603 2.03 (0.53-7.72) 0.301
Blood culture positive 0 5(3) 0.548 0.56 (0.38-4.88) 0.196
RV mono-infection’ 7 (54) 99 (54) 0.981 1.22 (0.35-4.32) 0.754
RV genotyping:
RV-A 2 (15 %) 89 (48 %)
RV-B 0 16 (9%) 0.001 0.001
RV-C 11 (85 %) 80 (43 %)

Abbreviations — n: number; NP: Nasopharyngeal; OR: Odds ratio; aOR: Adjusted odds ratio; CI: Confidence interval; SD: Standard deviation; IQR: Inter quartile range;
RV: Rhinovirus. P-values from Chi-squared and Wilcoxon tests, logistic regression models adjusted for confounding variates (< 0.2 in univariate analysis) where
applicable, Odds ratio could not be calculated for continuous variables or variables with no observations, thus cells left blank.

* All characteristics are expressed as n (%); unless otherwise stated in the table.

@ HEU defined as undetectable viral load, HIV seronegative in the child with a positive maternal HIV history. Positive maternal HIV status based on self-report was

accepted, except for seronegative children < 7 months of age where documented positive maternal HIV infection status was required.
> Underweight defined as weight for age < -2SD of the mean age-sex specific WHO reference.

¢ Defined as primary end point pneumonia and/or infiltrates.

4 Hypoxic defined 1) a room air pulse-oximetry reading indicated oxygen saturation < 90 %, or 2) supplemental oxygen requirement in a child without a recorded

room air saturation.

¢ Tachycardia defined as heart rate > 160 beats/minute if aged < 11 months, > 150 beats/minute if aged 12-35 months, > 140 beats/minute if aged 36-59

months.

f Tachypnea defined as respiratory rate > 60 breaths/minute if aged < 2 months, > 50 breaths/minute if aged 2-12 months, > 40 breaths/minute if aged > 12

month.
& Fever defined as body temperature =38 °C.

" Leukocytosis defined as white blood cell count > 15 000 cells/uL if age < 12 months, > 13 000 cells/uL if age =12 months.
! CRP defined as levels =40 mg/L are considered to potentially indicate bacterial infection.

3 RV was the only virus detected in the nasopharynx.

among community controls, even at the very low prevalence seen in our
study was unexpected, and further highlights the challenges of defining
the etiological role of RV in the pathogenesis of pneumonia.

Study limitations included the cross-sectional study design which
precluded us from studying the viral load over time and in relation to
the onset of disease. Further, almost 50 % of cases had more than one
virus detected thus we were unable to determine which virus or com-
bination of viruses were the cause of the disease episode as there is no

gold standard when it comes to diagnosing pneumonia. Additionally,
the small sample size of RV-viremia positive cases and controls could
have limited our power to discern clinical severity differences. Future
studies will need to look at characterizing the RV molecular epide-
miology and presence of viremia at the remaining 6 PERCH sites in
Africa and Southeast Asia. Further, the RV typing method used in this
study targeted the non-coding region (NCR) which has been shown to
have a higher sensitivity for typing in clinical samples [21,22];
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Table 4
Nasopharyngeal RV load by demographics and clinical characteristics in RV-associated cases and controls.
Cases Control
n =198 Mean NP RV load (log;o P-value n =189 Mean NP RV viral load (log;o copies/mL (SD)) P-value

copies/mL (SD))

Age

1-6 months 89 3.80 (0.89) 71 3.79 (0.82)

6-12 months 53 4.06 (1.03) 0.148 66 3.96 (0.89) 0.508
> 12 months 56 4.04 (1.04) 52 3.65 (1.12)

Gender

Male 110 3.8 (0.95) 83 3.89 (0.96)

Female 88 4.02 (1.01) 0.312 106 3.75 (0.92) 0.336
HIV

Negative 170 3.99 (0.99) 173 3.83 (0.88)

Positive 28 3.65 (0.82) 0.071 15 3.82 (0.95) 0.848
HEU"

Negative 133 3.90 143 3.67 (1.04)

Positive 65 4.04 (0.93) 0.413 46 3.86 (0.90) 0.226
Diagnosis

Severe pneumonia 126 3.86 (0.96)

Very severe pneumonia 72 4.08 (0.99) 0.123

Asymptomatic control 178 3.77 (0.94)

RTI control 11 4.48 (0.63) 0.041
Chest radiograph”

Normal 88 3.88 (0.93)

Abnormal 929 4.00 (1.01) 0.384

Hypoxia“

Yes 146 3.85 (0.95)

No 50 3.98 0.99) 0.420

Supplementary Oxygen therapy

Yes 183 3.95 (0.98)

No 15 3.81 (0.97) 0.601

Mechanical ventilation

Yes 10 3.90 (0.94)

No 188 3.94 (0.98) 0.886

Wheeze

Yes 75 3.95 (0.98)

No 121 3.93 (0.97) 0.938

Fever®

Yes 137 3.82(0.85)

No 61 4.25 (1.12) 0.009

Tachypnea®

Yes 159 3.99 (0.98) 10 8.40 (8.35)

No 36 3.67 (0.95) 0.073 159 3.83 (0.97) 0.588
Tachycardia’

Yes 96 4.02 (1.02)

No 101 3.86 (0.94) 0.250

Leucocytosis®

Yes 101 4.01 0.89)

No 97 3.87 (1.06) 0.292

Hospital stay

> 5 days 81 3.98 (1.04)

< 5 days 117 3.90 (0.93) 0.447

Case fatalities

Yes 7 4.18 (0.97)

No 192 3.93 (1.06) 0.503

RV mono-infection” 65 3.90 (0.97) 60 3.82 (0.97)

RV mixed infection 133 3.96 (0.98) 0.701 129 3.81 (0.93) 0.964
Type of RV species

-A 91 3.96 0.97) 96 3.75 (0.90)

-B 16 3.57 (0.70) 14 3.43 (0.82)

-C 91 3.99 (1.01) 0.271 79 3.95 (0.99) 0.877
RV-viremia

Yes 13 4.57 (0.73) 4 4.83 (0.83)

No 185 3.90 (0.98) 0.028 185 3.79 (0.93) 0.018
RV-A

Viremia present 2 3.75 (1.7) 1 5.83 ()

Viremia absent 89 3.96 (0.9) 0.765 95 3.73 (0.88) NP

(continued on next page)
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Cases Control
n =198 Mean NP RV load (logio P-value n =189 Mean NP RV viral load (log;o copies/mL (SD)) P-value
copies/mL (SD))
RV-C
Viremia present 11 4.72 (0.45) 3 4.50 (0.60)
Viremia absent 80 3.87 (1.04) 0.016 76 3.93 (0.99) 0.181

Abbreviations: RV: Rhinovirus; n: number; SD: Standard deviation; HIV: Human immunodeficiency virus; HEU: HIV exposed uninfected; RTI: Respiratory tract
infection. P-values from Chi-square and Wilcoxon tests - logistic regression models adjusted for confounding variates (< 0.2 in univariate analysis) where applicable.

@ HEU defined as undetectable viral load, HIV seronegative in the child with a positive maternal HIV history. Positive maternal HIV status based on self-report was
accepted, except for seronegative children < 7 months of age where documented positive maternal HIV status was required.

b

Abnormal chest radiographs defined as primary end point pneumonia and/or infiltrates.

¢ Hypoxic defined as 1) a room air pulse-oximetry reading < 90 %, or 2) requirement for supplemental oxygen in a child with no recorded room air saturation.

4 Fever defined as body temperature > 38 °C.

¢ Tachypnea defined as respiratory rate > 60 breaths/minute if aged < 2 months, > 50 breaths/minute if aged 2-12 months, > 40 breaths/minute if aged > 12 months.
f Tachycardia defined as heart rate > 160 beats/minute if aged < 12 months, > 150 beats/minute if aged 12-35 months, or > 140 beats/minute if aged 36-59 months.
¢ Leukocytosis defined as white blood cell count > 15 000 cells/uL if age < 12 months, or > 13 000 cells/uL if age =12 months.

" RV was the only virus detected in the nasopharynx.
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Fig. 2. Reverse cumulative plots of NP/OP RV load in Panel A.) all RV-infected viremic (n = 17) and non-viremic participants (n = 370), Panel B.) cases positive for
viremia (n = 13) vs. non-viremic cases (n = 185), Panel C.) community controls positive for viremia (n = 4) vs. non-viremic controls (n = 185), Panel D.) all RV-C
viremic (n = 14) and non-viremic participants (n = 156), Panel E.) RV-C viremic cases (n = 11) compared to RV-C non-viremic cases (n = 80), Panel F.) RV-C
viremic (n = 3) community controls compared to RV-C associated non-viremic controls (n = 76).

however, the NCR is less conserved thus sequencing of the conserved
capsid region to confirm the RV-C typing would be beneficial in order to
study the importance of RV species in severe disease in greater detail.

In conclusion, RV-viremia was significantly more prevalent among
children hospitalized with pneumonia; albeit at very low prevalence.
Thus suggesting that RV-viremia could be used as a measure for attri-
buting a causal role for RV in severe childhood disease; however, the
clinical utility of RV-viremia detection during severe disease episodes is
limited.
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