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Single or Dual Infection with
Respiratory Syncytial Virus and
Human Rhinovirus: Epidemiology
and Clinical Characteristics in
Hospitalized Children in a Rural Area
of South Korea

Yerim Kwon ©, Won Je Cho ©®, Hwang Min Kim ©, Jeongmin Lee ©®

Department of Pediatrics, Yonsei University Wonju College of Medicine, Wonju, the Republic of Korea

ABSTRACT

Purpose: Respiratory syncytial virus (RSV) and human rhinovirus (hRV) are the most
common causes of child respiratory viral infections. We aimed to investigate epidemiological
and clinical characteristics of RSV and hRV single infections and coinfections.

Methods: Nasopharyngeal aspirates of hospitalized children aged <5 years were tested using
multiplex reverse transcription polymerase chain reaction (RT-PCR) from October 2014 to
April 2017. Their medical records were retrospectively reviewed.

Results: RSV or hRV was detected in 384 patients who divided into 3 groups: patients with
RSV (R group, n=258); patients with hRV (H group, n=99); and patients with both (RH group,
n=27). The R group (median age, 6 months) consisted of 248 (96.1%) patients with lower
respiratory tract infection (LRTI), and 14 (5.4%) needed oxygen inhalation. Infants aged

<12 months (63.2%) had respiratory difficulty and were supplied oxygen more often. The H
group (median age, 16 months) consisted of 56 (56.6%) patients with LRTI, 4 (4%) required
oxygen inhalation, and 1 (1.0%) required mechanical ventilation. Infants (40.4%) showed
longer hospitalization compared to patients aged >12 months (5 vs. 4 days, P<0.05). The RH
group consisted of 24 (88.9%) patients with LRTI, and 2 (7.4%) needed oxygen inhalation.
Hospitalization days and oxygen inhalation and mechanical ventilation rates did not differ
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between single infections (R and H groups) and coinfections (RH group).

Conclusions: RSV was detected more often in younger patients and showed higher LRTI
rates compared to hRV. Single infections and coinfections of RSV and hRV showed no
difference in severity.

Keywords: Respiratory syncytial virus; Rhinovirus; Multiplex polymerase chain reaction
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2 B} Aotof|A] £5kaL £35] 5A| 17| Aotof| AlA w2 AFFET o|gh
c=2 A RS Zeioke A F ol Aot 557 ZhollA = U/l HE
Ea g A AR A AH(polymerase chain reaction, PCR)7} 7158l ] H A
7] HiolH A 7+ o] AEtat Hd ol WhE A B 242 &, 5 AT 54
7

bl $3E B7h US4 vt B a3 ek

o} for o o o
o? mok Moo moy

Sg7] ol A 7hd o] 5t A= A, AR, AxE 257 o SyjoA = &
oFE tide R F 2 Bk ok AA7FA] F Ul @] of| A HalE vlof w2 Aoe] T 57
Hpo| 2] A Zhd W Q11 9] /IQ1 0 2 respiratory syncytial virus (RSV)2t human rhinovirus (hRV)
7} b Eahul, 2TiAlolAl RevEE F2 FHSRE B Afolo], hrvi Al #F 127
AL GHT} 134

sha

o} A QoA 57 uloll s 71 BalAw o, A B 7|1 Aol e} 1 5=
S oh2 A Uelbe, Rey, hRy Hlol2| A 2 E2 5 of gt el 917} 2k7] whal A Qlehes

79 A2 7159} Q17 T o M 3H ] B 2| o3t o] 2 B ol = B3}
2 2)90] o} BA1E TP 2 557] 4 uhole] 2ol hat o 2ot

a JLE
Bol FEE: 5.8 5E7] uho|2 A2 Rvek hRVE] A7]'8 R BE L Y SHS 2 Y
Stk Lol 7 Rsvel hRY £ T4 9] Q4 S4E Hlm ST Stsict,

HEEH
od

1. A

Hho] 2 A 0] 88 A]7] B3 242 915 th b2 2014\ 1€ 5B 20179 2E7HA] 287 54
02 AFAEdAY| S ol AYsto] A FET HA 2 thF AHA AARE SR
A A RS- (multiplex reverse transcription polymerase chain reaction, multiplex RT-PCR) 7 A}
£ Alasto] vhol 2] & 719d & ERIHE whsA| mlvke] Sxtgict,

o]% thAt 2Hx}o] rsve] G35 A] 7191 10 H-E] 49 A}o] 2] multiplex RT-PCR AT+ 2014
5] 20170 2 A 2ASkod RV hRY T ) Z-2 A ol H 3 e Ul oz
A 58 A5t SAIH o &2 vl sttt vish 109 75 o35l 48 & F71 = 5fof, 2

il
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2 3oy} the 27]0f U5k Abel = M 2 Slof Eataleich Eok e 27 U 28] A U
4] Exte] 79 2435 o] 4 A 15574 0] 7HA 0 2 AU sHeA T, SAo] A

2 e
o 315 T A2 WAya}eLom = 1] o)A REPCR A T Hhol2 A7} F 2 glo] 4
slo}, 7t Al 2 A M o 2 maksl itk

RSV L hRV 9] ] THE F-5-2] hole] 2o] 54 7o Ut B9, AlF FDL BHE AL,
FlepL Y TS H 9, BPEA YR TES AL H 9, WPPOR X2 3

e
Q) A% As}elt T SR vhol2l A 7Y ul AT A2 A
RT-PCR Z ALl A RSV A, RSV B, hRV 2] ©] &57] Hfo| 2 A7} H S & Aot 54 A LA A
oﬂ /\1 OI:AC-)I 7 gg 7 _% _,,] AFat %_ALO_ EH}%}.D:] I:H H A iﬂ 2 /\] Eikely multiplex PCR A }\]-oﬂ /q
rotavirus, norovirus2} 22 & Hpo|2 A7 HEH 749, D3 herpes simplex virus (HSV) im-
munoglobulin M (IgM) ¥/3 <1 79, @3 cytomegalovirus (CMV) IgM¥} 2 CMV PCRO] &
AJl 7 ]2 4ol pcR Z Ao A] enterovirus”} AESH 7% L AAFA O & enterovirus, hu-
man herpesvirus (HHV)-6, HHV7 2 271 0] 7551 | 74 -5 Al 2l st o o2 Al 24
o S| AL, BB Y AL AlFE A oL AT dede) B s H o2 A9g

A= @2 Mycoplasma pneumoniae IgMO| FA3 Q1 749, W Streptococcus pneumoniae Y ZAAk

45 949 4%, T2 7100 URAY BN, A 5E AT U £ 3 07
A gl e B9 glek. o Bt Aol Al YE B v AAs 1R 24l ek,

RSVZ7} B0 2 HEH AE RTECE, hRv7F 502 HEH AE HE 22, RSve}
hRV7Z} 5 A0l & H Al S RHTO.2 31 Th

2.4

1) A2 K et Hio|2A HE

2= AA= A9 AY 52 th32ol AdvanSure™ RV real-time RT-PCR (LG Chem, Seoul,
Korea) 7| E°f U 82 ol-§oto] F2 02 7RIS =ehsto] A3 5l Hjz|of B
Bt o ZA| HAMA 2 4245] %t TANBead® Smart LabAssist-32 7] 7] & 0] &3} 4]
oA Bite FEoko] Aokt &9t & A EE sk e, SLAN-96P 7] 7] 5 ©] &5t
APEES- 9l 27 S14=0] pCR BH-3-& RHE6l= 32 2 A& 53510 RSV A, RSV B, hRV
£ 2391459 25 7] Hiol2{ A5 H &5

O|R7|E2 SFA o= FA6to] QIHEA HH, AY, gt

] A5t g7, 7|AZ 7))ol it JHE +3s
ok A2 e, 2 AT, 714 dgo] of B3 sl 7l7<1 Agh2 kg
°‘E|E7l x‘iﬂi T A2 A3 A AR v wE g A =
ko] whet 7] =9 547] &= 2
%‘ﬁ, AFHES, Fold, AR T 7= AAe, 7| A, ZAIZI A4, ﬂ%l
7= gd o s Bttt @Y AL AR = white blood cell count (WBC, x10%/L), platelet
count (PLT, x10°/L), absolute neutrophil count (ANC, x10%/L), neutrophil (%), large unstained cell
(LUC, %), delta neutrophil index (DNI, %), C-reactive protein (CRP, mg/dL)& =5}t 5
ZEL SEE, AU, AL B R IAEE o L2 BolstTh EEET JFE

uﬁ. ofu

rulo
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SA| B of|= SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), R version 3.5.1 (a language
and environment for statistical computing)©] AFE-E| I th, A= FLEHH D), Rl1Z (%) 2
7]3]-01 T} R, H, RHT 7F AHA EAJ o] v w2 Q8] A<45 H4=2] 79 Kruskal-Wallis test
£, AP A © 2 Dunn procedureS AHESHITEH M H49] 79 42 test X Fisher's exact
ex A8, #4122 A s 21 E e il A4 Wl Ag
A 3| EA S, HE 40| A ZXAHE FYBA S ALLFIY T pvalue= Bonfer-
roni correct 53 795}MJ— 0.05 B|RHR] -9 SAA 2. 2 foot Zl o= whs it

2 A= dFAMETA 7| S Y A7-32] ¥ ] (Institutional Review Board, IRB; CR318072)
o] 512 Wk}
21}

1. Hio|g{ A9 HE 244t

St 7HA] o]/4¢e] 58 7] HFo] & A7} multiplex RT-PCROIA Y/d EiLH Abl& £1,73071 013
1, 5 74A] o)/ge] vio|gj A7t FA| AEE A= 3768 = 21.7%5 Aokt AEH vt
ol A FHZE hRv7Zt 7298 (42.1%), RSVZ} 5182 (29.9%) 2 7Hg &5+ L, RSV A7} 3172,
RSV B7} 2013 A TH RSVE 2Y S A0 2 L71SHE] 2 Eo| sgddls 1095 E 49 A
ojof] &stal 5L E 9 Atojofli= A A4Sl hRvE 4-5€ 0l @Estal 19 o] A
AZE 7 FARE L Zo]7F AHof i = AF 1L =A| 7 Z 5] A Th(Fig. ).

2. RSV ZE 29| EXM

RS £ 2587(67.2%) At 98 2472 671D (-, 0-5971Y)0l A 1 1270 € 1|7k 163
| 2 63.29%At}. AT 1498, A& 7F 1098 2 AL 1.48] ERrTh 2 AR 378 (14.3%), A
AZE AL 247(9.3%)°N A AR, 712 A 208|(7.8%) = L 27| A g, THA]
o 2% sa), AABHA Aol 42, WA m A ea} AABHA Aol ZHk oz AHA Al A 12
. FA| A= 1528 (59.1%) ol A AL B8-A] A2 62 (25%) 1 A ©]-8-5F th(Table 1).

AL 717 Z S sL (H Y, 2-129) 01 Atk 31H7) = 7HE 22482 (96.1%) G 1L, RSV A 74 9]
96.8%, RSV B 7+ 2] 94.4%01| A 5}7] &= 2+ o] ATk T E -2 1572 (60.9%) 0l A AU &
F 22k 552](21.3%) 0l A Q01| Ak x| B =142 (5.4%) 0l A] A BT 7| A EE-E Al
Y3t Atell = §l2UTh(Table 2). Rt-2] &l A} Z 2= Table 33+ 24T

AFGTE vl ol A= 1270 v|Rtoll A 1270 ool Hsl| S&teko] & (28.8% vs. 8.4%,
P<0.05) W A2 2| 55 Q8= 7-$(8.6% vs. 0.0%, P<0.05)7}F B3 ThH(Table 4).
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Fig. 1. Monthly incidence of total RSV, RSV A, RSV B and hRV Infections from 2014 to 2017.
Abbreviations: RSV, respiratory syncytial virus; hRV, human rhinovirus.
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Table 1. Demographic findings of subjects

Variables R (n=258) H (n=99) RH (n=27) P-value” Adjusted OR (95% CI)t
Age (mon) 6 (0-59) 16 (0-54) 4 (0-51) <0.05
R<H (<0.05)
RH<H (<0.05)
Sex (M:F) 1.4:1 1.3:1 2.4:1 0.41
Past history
Chronic disease? 12 (4.7) 6 (6.1) 2 (7.4) 0.64
Allergic disease 8 (3.1) 12 (12.1) 1(3.7) <0.05
R<H (<0.05) 0.32 (0.12-0.84)
Gestational age (<37 wk) 37 (14.3) 21 (21.2) 3(1.1) 0.22
Birth weight (<2,500 g) 24 (9.3) 16 (16.2) 3(1.1) 0.18
Siblings 152 (59.1) 58 (58.6) 19 (70.4) 0.51
Daycare center 62 (25.0) 33 (34.4) 5(19.2) 0.14

Values are presented as median (range) or number (%). Bold values are statistically significant.

Abbreviations: R, single infection of respiratory syncytial virus; H, single Infection of human rhinovirus; RH, dual infection of respiratory syncytial virus and
human rhinovirus; OR, odds ratio; Cl, confidence interval.

*Post hoc analysis was performed by Dunn procedure, y* test and Fisher's exact test with Bonferroni correction; TAdjusted with age and sex by multivariable
logistic regression; ¥Congenital heart diseases, chronic lung diseases, neurologic disorders.

Table 2. Clinical findings of subjects

Variables R (n=258) H (n=99) RH (n=27) P-value” Adjusted OR (95% CI)f
Days of hospitalization 5(2-12) 4 (2-15) 4 (3-13) 0.06
LRTI 248 (96.1) 56 (56.6) 24 (88.9) <0.05
R>H (<0.05) 19.80 (9.19-42.68)
RH>H (<0.05) 6.79 (1.87-24.70)
Signs of respiratory difficulty 55 (21.3) 1 (11.0) 9(33.3) <0.05
RH>H (<0.05) 3.22 (1.14-9.10)
Fever 157 (60.9) 70 (70.7) 14 (51.9) 0
Treatment
Oxygen inhalation 14 (5.4) 4 (4.0) 2 (7.4) 0.76
Ventilator care 0(0.0) 1(1.0) 0 (0.0) 0.24

Values are presented as median (range) or number (%). Bold values are statistically significant.

Abbreviations: R, single infection of respiratory syncytial virus; H, single infection of human rhinovirus; RH, dual infection of respiratory syncytial virus and
human rhinovirus; OR, odds ratio; Cl, confidence interval; LRTI, lower respiratory tract infection.

*Post hoc analysis was performed by Dunn procedure, y* test and Fisher's exact test with Bonferroni correction; TAdjusted with age and sex by multivariable
logistic regression.

Table 3. Laboratory findings of subjects

Variables R (n=258) H (n=99) RH (n=27) P-value” Adjusted B (SE)T
WBC (x10°/L) 9.2 (3.0-22.6) 1.4 (2.3-32.2) 9.6 (4.8-16.1) <0.05
R<H (<0.05) -2.53 (0.49)*
PLT (x10°/L) 349.5 (143.0-815.0) 385 (102.0-875.0) 415 (175.0-653.0) 0.13
ANC (x10°/L) 3.0 (0.4-17.9) 4.6 (0.5-29.1) 2.8 (0.9-9.6) <0.05
R<H (<0.05) -2.24 (0.37)}
RH<H (<0.05) -1.80 (0.66)*
NEU (%) 34.4 (6.7-80.2) 47.9 (3.4-90.3) 33.1 (14.9-75.0) <0.05
R<H (<0.05) -7.59 (1.72)*
LUC (%) 5.1(1.7-12.9) 3.6 (0.9-8.4) 5.0 (1.9-7.0) <0.05
R>H (<0.05) 1.41 (0.20)*
RH>H (<0.05) 0.79 (0.36)*
DNI (%) 0.0 (0.0-6.8) 0.0 (0.0-7.3) 0.0 (0.0-2.4) 0.05
CRP (mg/dL) 0.4 (0.0-9.4) 0.7 (0.3-15.5) 0.3 (0.3-4.7) <0.05
R<H (<0.05) -0.65 (0.20)*

Values are presented as median (range) or number (%). Bold values are statistically significant.

Abbreviations: R, single infection of respiratory syncytial virus; H, single infection of human rhinovirus; RH, dual infection of respiratory syncytial virus and
human rhinovirus; B, regression coefficient; SE, standard error; WBC, white blood cell count; PLT, platelet count; ANC, absolute neutrophil count; NEU,
neutrophil; LUC; large unstained cell; DNI, delta neutrophil index; CRP, C-reactive protein.

*Post hoc analysis was performed by Dunn procedure with Bonferroni correction; TAdjusted with age and sex by multivariable linear regression; *Statistically
significant (P<0.05).
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Table 4. Comparison of clinical and laboratory findings according to the age

Variables R (n=258) P-value H (n=99) P-value
<12 mon (n=163) >12 mon (n=95) <12 mon (n=40) 212 mon (n=59)
Days of hospitalization 5(2-12) 4 (3-11) 0.08 5(2-9) 4 (2-15) <0.05
LRTI 158 (96.9) 90 (94.7) 0.51 22 (55.0) 34 (57.6) 0.80
Respiratory difficulty 47 (28.8) 8 (8.4) <0.05 5(12.5) 6 (10.2) 0.72
Fever 792 (44.2) 85 (89.5) <0.05 95 (62.5) 45 (76.3) 0.14
Severity
Oxygen inhalation 14 (8.6) 0(0) <0.05 1(2.5) 3(5.0) 0.65
Ventilator care 0 0 (0) 1(1.7) 1.00
Siblings 107 (66.1) 45 (47.4) <0.05 29 (72.5) 29 (49.9) <0.05
Daycare center 9 (5.8) 53 (56.4) <0.05 0 (0) 33(57.9) <0.05

Values are presented as median (range) or number (%). Bold values are statistically significant.
Abbreviations: R, single infection of respiratory syncytial virus; H, single infection of human rhinovirus; LRTI, lower respiratory tract infection.

https://piv.or.kr

3. hRV ZZ 29| EN
HT-2 £ 992](25.8%) At 918 247 16701 (M9, 0-54711¥)0] 22, 1270 v 2k 402
(40.4%), 12711 ©]/d-2 592(59.6%) ATt FAF7F 562, AAZ}7t 432 = FA7F 138 HokTh.
ZAEE 213](21.2%), A A F E45-2 162](16.2%) A AR oM, 7] 4] A EH-2 183 (17.5%) 2 &

g =27] A3 (N G e Aol SRRl 13 23, A7 84 Aol 32| (Yel =7] A FHkAt
18] Z23h), A AR 28], vHd B @ g 1= ok ARl = 582 (58.6%) 0l AT AR B
S A1 2 338(34.4%) 0l A ©]-8-51 % THTable 1).

A7 FFEE 4L (H S, 2-15Y)0| Atk 5H] = -2 568(56.6%) R L, HE L 702
(70.7%) 011 A AR TFZTH2 118 (11.1%) 0l A AR o1 AkA 2] F = 42 (4.0%) O A, 717
T 52 13(1.0%)°l| A A 35}3 th(Table 2). H-2] &l H AL A 1}+= Table 37+ 24Tt

N
[0 2

llloll
o
>
I
mo ok
)
1o,
o
o
Hu
i
r
o[N
Lo
ﬂJ

Cruzon syndrome)< TR A5 34719 &
HE oz AT A AT v A F = A = A et

LAAL, @2 Mycoplasma pneumoniae IgM, Widal test, & HH F

L AZ2E ] Lttt Shol= 1A 7 2314l 919l 1 7
Lk )

hu ol
=
Z
N
N,
o2 o

rot

multiplex RT-PC

of| A hrv 2] 9]
AZH7] A8, o] 5 2

]
rlﬂJ w2

g

Ly i

$6% glol sugto] =l gsteict.

AP v oM 7| = 4, Sgeh B AR 5 U 7| A | = 1270 E M ER 2po] 7}
oL 127 vl Ttof|A] 1270 o] A3 E o} 2 7| to] o AJTHSY vs. 4Y, P<0.05) (Table 4).

4. A Z4ZE Ao EM
RH-2 & 272|(7.0%) At} A% S I 4702 (49, o517 )0l e, F=}7} 192, of
Ap7} g = AR} 2.4 BRTE 2AEL- 38| (11.1%), A A S 242 320 (11.1%) ol A AR,
7174 A2 32| (11.1%) 2 Fe| 2 7] A1, A5 A 12|, vhd #d g 13 Ak A
Aol = 192 (70.4%) 011 A A AL BE-A| D2 52(19.2%) | A ©]-8-5+31 thTable 1).

NA717 S 4L (H S, 3-3Y) 01T} oh7] = e X2 24](88.9%), W E -2 142
(51.9%), T2 92](33.3%)l| A] 9}"*1 *Jiilﬁ% &|(7.4%) 0l A Al o™ 7] A
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5. R H RH; 7I-OI EA‘l HI I |:|| KEE IH)I»

Ho-2 Rt E ot Fe27] A2ho] Hlgo] 5251 &3k TH(12.1% vs. 3.1%, P<0.05). RZ} RH-
2 HE Bt 5AZ 0 2 3-2l5HA] o1 31671 vs. 47HE vs. 167H€, P<0.05) (Fig. 2) 3H71%= ¢
% o] ZFATH96.1% vs. 88.9% vs. 56.6%, P<0.05). RH-Ol| A HT-E T & &-ato] Eetr}(33.3%
vs. 11.1%, P<0.05). AHL7|7H A4 5 U 7| A|@H7] of = - 7F2}o] 7} @1 21t (Tables 1and 2).

N HA A3} Htol| A 7] EF Zol| vl a ANCZE Ratoll H]sl WBC, CRP7} =31, R+ 2} RH
T2 Htol| H|3l LUC (%)7F 5o M o] = &= A2 0 2 3 9]51% TH(P<0.05) (Table 3).

4_4

7k ol 4] 24F, MAF 24, 714 Ae] of ol 2 T Fzet, 7|7 a7, 7]
A7) 0] 5-2]3 2ol = gl3irt.

ShH | 38471 2] HA| A F T3 27 =2 FARIAA E F2 AR A& = A Y
o] Y178 vs. 870, P<0.05) oot H] &0 = TH(65.0% vs. 40.4%, P<0.05).
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Age (mon)
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Fig. 2. Age distribution in R, H, and RH group.
Abbreviations: R, single infection of respiratory syncytial virus; H, single infection of human rhinovirus; RH, dual
infection of respiratory syncytial virus and human rhinovirus.
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