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Abstract Background: The characteristics of human parainfluenza virus type 4 (hPIV4) infection are not thoroughly under-
stood. We therefore clarified the characteristics of hPIV4 in Korea.

Method: From January 2013 to December 2017, children admitted with respiratory tract infection at the Depart-
ment of Pediatrics in Chung-Ang University Hospital were enrolled in the study. Nasopharyngeal aspirate specimens
were obtained from patients and tested for hPIV types by multiplex reverse transcription polymerase chain reaction.
We retrospectively reviewed subject medical records, focusing on epidemiological and clinical characteristics.
Results: Of the 12 423 NPA specimens, 8,406 were positive by multiplex reverse transcription polymerase chain reac-
tion for nine respiratory viruses, and 1,018 were positive for one of the four types of hPIV: 1,018 specimens led to the
detection of 1,029 hPIVs; 3ss (31.3%) were positive for hPIV1, 120 (11.7%) were positive for hPIV2, 356 (34.6%)
were positive for hPIV3, and 231 (22.4%) were positive for hPIV4. Of the hPIV-positive patients, the mean age was
2.3 years (range, 0.1-12.7 years), 225 (97.4%) had no underlying disease, and 178 (77.1%) had a fever with a duration
of 4.1 4+ 2.3 days and a peak temperature of 39.0 &£ 0.7 °C. The most common diagnosis in hPIV4 infection was pneu-
monia (44.2%), followed by bronchiolitis (26.0%) and upper respiratory tract infection (24.3%). Only 2.2% of patients
were diagnosed with croup. Although the most prevalent overall type of hPIV was hPIV3, hPIV4 generally caused
acute respiratory tract infection in summer and early fall in an irregular annual pattern.

Conclusions: Human parainfluenza virus type 4 is an important common pathogen of respiratory tract infections in

pediatric patients in Korea.

Key words child, epidemiology, Korea, Paramyxoviridae infections, respiratory system.

Acute respiratory tract infection (ARTI) is the most common
illness in children. Respiratory syncytial virus (RSV), human
parainfluenza virus (hPIV), human metapneumovirus (hMPV),
and influenza virus are important pathogens of acute lower
respiratory tract infection in the pediatric population.]’3
Human parainfluenza virus types were discovered in the
late 1950s and recognized as the second most common patho-
gens of hospitalized children under 5 years of age suffering
from ARTL*® Human parainfluenza viruses are single-
stranded, enveloped RNA viruses belonging to the family
Paramyxoviridae, which also includes hMPV and RSV. There
are four types of hPIVs (1, 2, 3, and 4) and two subtypes (4a
and 4b). Human parainfluenza viruses belong to two genera:
hPIV type 1 (hPIV1) and hPIV type 3 (hPIV3) are included in
Respirovirus, whereas hPIV type 2 (hPIV2) and hPIV type 4
(hPIV4) are included in Rubulavirus. The epidemiology of
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hPIV varies by type and by region. Both hPIV1 and hPIV2
are generally known to be associated with croup; hPIV3 is
more often associated with lower respiratory tract infections
(LRTIs), such as bronchitis, bronchiolitis, and pneumonia.7
However, hPIV4 is not recognized as a major pathogen, so the
clinical features and seasonal patterns of hPIV4 are not well
clarified; consequently, its importance is underestimated in the
clinical area.®

After we updated the mRT-PCR panel in 2013, we occa-
sionally detected hPIV4. We therefore focused on the clinical
characteristics of hPIV4 as they manifested in children in
Korea. We also observed the prevalence of hPIV4 to deter-
mine the importance of hPIV4 in children and then evaluated
the impact of including hPIV4 in the mRT-PCR panel.

Methods

Subjects

We enrolled patients under 18 years of age who were admitted
with respiratory symptoms at the Department of Pediatrics in
Chung-Ang University Hospital. Chung-Ang University
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Hospital is the referral medical center and an 835-bed tertiary
care university hospital in Seoul, Korea. Nasopharyngeal aspi-
rates were obtained at the time of admission. According to the
results of the multiplex reverse transcription polymerase chain
reaction (mRT-PCR) assay, a list of patients whose specimens
were positive for hPIV types 1, 2, 3, or 4 was obtained. We
retrospectively reviewed subject medical records between Jan-
uary 2013 and December 2017. We focused on the prevalence
based on the date of collection, age, and diagnosis at admis-
sion for hPIV1, hPIV2, hPIV3, and hPIV4. Furthermore, the
clinical features and laboratory findings of hPIV4 were
reviewed to identify their clinical characteristics.

We defined the infection by only one type of hPIV as a single
infection. The infection by one type of hPIV with other viruses or
another type of hPIV was named the “coinfection group.” Collec-
tively, all enrolled patients with either a single infection or coin-
fection were referred to as the “total infection group.” We also
classified hPIV-infected children into four groups: subjects aged
<3 months, subjects aged between 3 and 24 months, subjects
aged between 2 and 5 years, and subjects aged >5 years.

This study was approved by the Institutional Review Board
of Chung-Ang University Hospital (no. 1806-010-16186) and
was exempt from informed consent approval from the ethical
committee.

Detection of types of human parainfluenza viruses

Viral DNA or RNA was extracted using the Viral Gene-spin
Kit (Intron Biotechnology, Seoul, Korea). Extracted viral
DNA or RNA was reverse transcribed and then analyzed using
the Anyplex II RV16 Detection (V1.1) Assay (Seegene, Seoul,
Korea), which can detect respiratory viruses (adenovirus, RSV
A/B, hMPV, influenza virus A/B, hPIV 1/2/3/4, rhinovirus,
enterovirus, bocavirus, and coronavirus 229E/NL63/0C43),
from January 2013 to April 2017, and the Allplex™ Respira-
tory Panel 1, 2, 3 Assay (Seegene, Seoul, Korea), which can
detect additional subtypes of influenza A (Hl1pdm09, H1 and
H3), from May 2017 to December 2017. Seegene Viewer soft-
ware was used to analyze the amplification results. Anyplex II
RV16 Detection (V1.1) Assay gave the quantitative results as
negative/1+/2+/3+ and Allplex™ Respiratory Panel 1, 2, 3
Assay gave those as Ct value (Ct < 42; positive). We used
two mRT-PCR panel kits from the same commercial company
for separate study periods. However, evaluation of these pan-
els revealed no significant difference in detecting hPIV4,’ and
both kits showed good sensitivity and specificity.”'°

Statistical analysis

Statistical analysis was performed using SPSS software ver-
sion 21.0 (IBM Co., Armonk, NY, USA). Categorical vari-
ables were compared using the chi-square test and Fisher’s
exact test. Continuous variables were compared using #-test.
The values of A &+ B stood for mean + standard deviation in
continuous variables. P values under 0.05 were considered sta-
tistically significant.

Human parainfluenza virus type 4 in children 53

Results

Demographics of human parainfluenza viruses

Of the 12 423 NPA specimens, 8,406 (67.7%) were positive for
any respiratory viruses by mRT-PCR, and 1,018 (8.2%) were pos-
itive for more than one type of hPIV; 1,018 specimens yielded
1,029 hPIVs; 322 (31.3%) were positive for hPIV1, 120 (11.7%)
were positive for hPIV2, 356 (34.6%) were positive for hPIV3,
and 231 (22.4%) were positive for hPIV4. Of the total patients
infected by hPIV4, 120 (51.9%) were male, the mean age at
admission was 2.3 + 1.8 years (range, 0.1-12.7 years), 225
(97.4%) children did not have any underlying disease and mean
hospitalization duration was 4.9 £ 1.8 days.

The coinfection rate of hPIV4 was the highest (58.9%);
rates were 39.8% (128/322) for hPIV1, 41.7% (50/120) for
hPIV2, and 46.6% (166/356) for hPIV3 (P = 0.000). The most
common coinfecting virus in hPIV4 infections was rhinovirus
(25.4%), followed by enterovirus (21.1%), adenovirus
(18.3%), and bocavirus (14.6%). In the coinfection group, we
obtained quantitative results from 133 specimens. In 2017,
seven of eight specimens showed a lower Ct value in hPIV4
than in other viruses. From 2013 to 2016, 23 of 125 (18.4%)
specimens were in the same positive ranges (1+, 2+ or 3+) as
other viruses and 26 of 125 (20.8%) specimens had greater
positive ranges than other viruses. The group with a single
hPIV4 infection did not differ from the coinfection group in
age or in the presence of underlying diseases (P > 0.05). How-
ever, the single infection group required a 0.5-day longer hos-
pital stay than the coinfection group required (P = 0.040), and
patients in the group were more commonly female (P =
0.032) (Table 1).

When classifying hPIV-infected children into four age
groups, the percentages of hPIV types were significantly differ-
ent for each age group (P < 0.001). Of the total number of hPIV-
infected children, 37 were aged under 3 months, 575 were from
ages 3 months or older but were younger than 2 years, 346 were
from ages 2 years or older but younger than 5 years, 60 were
from ages 5 years or older. hPIV1 was shown to be present at
similar percentages in each age group. However, hPIV2 showed
a tendency to increase, and hPIV3 showed a tendency to
decrease with aging (Fig. 1). Nonetheless, most hPIV-positive
patients were infected with hPIV when they were 3 months or
older but younger than 5 years (hPIV1 91.0%, hPIV2 83.3%,
hPIV3 93.3%, and hPIV4 89.2%; P = 0.000).

Seasonality of human parainfluenza viruses

Human parainfluenza virus type infections were more preva-
lent from April to August, although the seasonality differed by
types of hPIV (Fig. 2). hPIV1 did not show any seasonal pat-
tern; it occurred at any time during the year. hPIV2 occurred
biennially from July to October. hPIV3 infections were preva-
lent from April to July every year. However, hPIV4 generally
caused ARTI in summer and early fall in an irregular annual
pattern. hPIV4 was not significantly detected in 2013 or 2016.

© 2019 Japan Pediatric Society
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Table 1 Demographics and clinical characteristics of children infected by hPIV4

Total, N = 231 (%) Single infection, n = 95 (%) Coinfection, n = 136 (%) P value
Gender
Male 120 (51.9) 41 (43.2) 79 (58.1) 0.032%*
Female 111 (48.1) 54 (56.8) 57 (41.9)
Age, years' 2.3 + 1.8 (0.1-12.7) 2.1 £ 2.0 (0.1-12.7) 2.5 £ 1.6 (0.2-12.2) 0.183
Hospitalization days 49 £ 1.8 52 +20 47+ 1.6 0.040*
Underlying diseases 6 (2.6) 2 (2.1) 4(2.9) 1.000
Symptoms
Fever 178 (77.1) 69 (72.6) 109 (80.1) 0.205
Duration 41 +£23 38 +£23 43 + 24 0.154
Peak body temperature (°C) 39.0 £ 0.7 38.9 = 0.7 39.1 £ 0.7 0.143
Signs
Rale 85 (36.8) 34 (35.8) 51 (37.5) 0.890
Wheezing 51 (22.1) 31 (32.6) 20 (14.7) 0.002*
Stridor 3(1.3) 0 3.2 0.270
Chest wall retraction 2 (0.9 2 2.1 0 0.168
Laboratory findings
WBC, per/pL 11 131 + 4,916 10 839 + 5,028 11 335 + 4,843 0.453
ANC, per/pL 5,455 4+ 3,730 4,808 + 3,323 5,906 + 3,941 0.028%*
Platelet, per 1000/pL 312.9 + 105.6 339.0 + 1259 298.5 + 89.7 0.008*
CRP, mg/dL 1.5 £ 2.1 1.3 +£23 1.5+19 0.443
AST, TU/L 43.7 + 36.5 47.0 + 54.8 414 + 124 0.250
ALT, IU/L 26.3 £ 87.1 359 £+ 1342 19.7 + 139 0.166

* indicates statistically significant values (P < 0.05). "Mean =+ standard deviation (minimum-maximum). WBCs, white blood cell

count; ANC, absolute neutrophil count; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Fig. 1 Percentage of each type per age group among human parainfluenza viruses (hPIVs).

In 2014 and 2015, the rate of hPIV4 detection was signifi-
cantly higher at more than 15%. In 2017, the hPIV4 detection
rate was typical at approximately 5% (Fig. 3).

However, the most prevalent type of hPIV was different every
year (P = 0.000). The most common type of hPIV was hPIV3
(49.6%) in 2013, hPIV1 (44.0%) in 2014, hPIV4 (36.5%) in
2015, hPIV1 (54.5%) in 2016, and hPIV3 (42.1%) in 2017.

© 2019 Japan Pediatric Society

Diagnosis patterns among types of human parainfluenza
virus

The percentages of diagnosis in each type of hPIV infections
were not significantly different between the coinfection groups
and the single infection groups (P = 0.900 in hPIV1, 0.142 in
hPIV2, and 0.256 in hPIV3), except for hPIV4 (P = 0.001). In
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Fig. 2 Numbers of collected specimens, positive samples, and hPIV types per month from 2013-2017.

hPIV2, upper respiratory tract infection (URTI) was prevalent
in the single infection group, especially croup (all P < 0.05).
In hPIV4, bronchiolitis was significantly more common in the
single infection group than in the coinfection group (P =
0.000, Table 2).

The prevalence of diagnosis differed by the type of hPIV
in the single infection group (P = 0.000). In the single infec-
tion group, there were significant differences by type of hPIV
in croup, bronchitis, and bronchiolitis (all P < 0.05). Croup
was more prevalent in hPIV1 and hPIV2 infections in the sin-
gle infection group (P = 0.000). In hPIV3, bronchitis was
more prevalent in the single infection group (P = 0.010).
Bronchiolitis due to hPIV4 was more common in the single
infection group (P = 0.000).

The most common diagnosis in hPIV4 infection was pneu-
monia (44.2%), followed by bronchiolitis (26.0%) and URTI
(24.3%) in the total infection group. Lower respiratory tract
infection diagnosis accounted for 75.8% of the total infection
of hPIV4 and 82.1% of the single infection of hPIV4, which
were the highest rates of LRTI among hPIV types (P =
0.000). Other types of hPIV were also shown to have high
prevalence rates in LRTIs (65.2% in hPIV1, 53.3% in hPIV2,
and 69.4% in hPIV3; Table 2). Only 2.2% of hPIV4 infected
patients, which was the lowest prevalence rate among hPIV
types, were diagnosed with croup (P = 0.000).

Clinical characteristics of human parainfluenza type 4

Of the hPIV4-positive children, 77.1% (178/231) had a fever
duration of 4.1 £ 2.3 days and a peak temperature of 39.0 £
0.7°C. The most common symptom of hPIV4-infected patients
was cough (82.3%), followed by sputum (61.0%), and rhinor-
rhea (60.2%). A small number of patients exhibited gastroin-
testinal symptoms, such as vomiting (9.1%) and diarrhea
(7.4%). The most commonly detected physical sign was rale
(36.8%) and wheezing (22.1%). Laboratory findings for white
blood cell counts (WBCs), absolute neutrophil counts (ANCs),
platelets, C-reactive protein (CRP), aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) were not signifi-
cantly out of normal ranges.

The clinical characteristics of single infection by hPIV4
were not significantly different from those of coinfection.

Wheezing was more frequently auscultated in the single infec-
tion group (P = 0.002). In laboratory findings, the ANC of the
coinfection group was higher and the platelet count lower than
the equivalent counts in the single infection group (P = 0.028
and 0.008, respectively; Table 1).

Discussion

Human parainfluenza virus is one of the main pathogens of
respiratory tract infection in children.'” In our study, we
found that 94.1% of hPIV types occurred ARTI under 5 years.
hPIV1 and hPIV2 were prevalent in croup and hPIV1 and
hPIV3 were prevalent in LRTI. hPIV1 occurred at any time
during the year; hPIV2 occurred biennially from July to Octo-
ber; and hPIV3 occurred from April to July every year.
Although hPIV4 has not been recognized as an important
pathogen, we found that hPIV4 caused ARTI in summer and
early fall in an irregular annual pattern, especially LRTI with
the highest prevalence.

The seasonality of hPIVs differs by region. In previous
studies, hPIV1 infections are usually detected in the fall of
odd-numbered years; hPIV2 infections do not exhibit a clear
seasonal pattern but occur more commonly in autumn.®!"12
There are generally more cases of hPIV3 in spring and early
summer each year.”®''"'? However, hPIV4 usually occurs
during late autumn and winter in temperate countries,™'"!?
but in China, hPIV4 is more often observed during spring
and summer.'* The seasonal patterns of hPIV4 have not been
well clarified because of the small number of samples and
the small number of studies that have been conducted.”®'?
As a result, more studies in diverse countries are needed to
understand the global characteristics of hPIV4. The Korean
Centers for Disease Control and Prevention (KCDC) observed
respiratory pathogens from patients with ARTI as part of the
Korean Influenza and Respiratory Surveillance System (KIN-
RESS) project, beginning in May 2009. The results of a
KCDC study about the types of hPIVs were published in
2017. The authors could not determine the prevalence of
hPIV4 in that study because they used the mRT-PCR panel
without hPIV4."> Studies of hPIV4 infection in Korea are
thus needed to understand the clinical characteristics and epi-
demiology in clinical areas.

© 2019 Japan Pediatric Society
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Fig. 3 Seasonal trends of the four types of hPIV in Korea from 2013 to 2017. (a) The rate of hPIV1 occurrence in the total number of
collected specimens. (b) The rate of hPIV2 occurrence in the total number of collected specimens. (c) The rate of hPIV3 occurrence in
the total number of collected specimens. (d) The rate of hPIV4 occurrence in the total number of collected specimens.

During our study period, the prevalence among hPIV types
was highest in hPIV3, followed by hPIV1 and hPIV4. hPIV4
was the most frequent hPIV type in 2015 and the second most
common type in 2014 (Table 2). In many countries, hPIV2 is
less frequently detected than hPIVI or hPIV3.'®!” One study
showed that hPIV4 was more frequently detected than hPIV2,
suggesting that hPIV4 might be underestimated as a pathogen
of ARTL' In this study, the 5-year period prevalence of

© 2019 Japan Pediatric Society

hPIV2 was lower than that of hPIV4 (1.9%, 231/12 423) and
was observed to be 1.0% (120/12 423), which was the lowest
detection rate among hPIV types. hPIV4 infection accounted
for 22.4% (231/1,029) of total hPIV infections in the current
study. This value shows that hPIV4 is more common than is
believed.

Depending on the age group, the prevalence of hPIV types
showed significant differences. As patients aged, hPIV2
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Table 2 Clinical diagnosis when infected by each type of human parainfluenza virus (hPIV)

hPIV1 hPIV2 hPIV3 hPIV4
st C! P st Cc! p st ! Pt st ! ps
Diagnosis, % 0.900 0.142 0.256 0.001*
URTI 355 333 0686 557 340  0021* 348 256 0063 179 283 0071
Croup 175 150 0559 286 106 0.020% 116 67  0.116 11 31 0395
Bronchitis 7.7 67 0725 57 106 0481 132 128 0922 3.2 94 0.6l
Bronchiolitis 186 217 0501 143 213 0325 179 232 0219 400 165  0.000%
Pneumonia 3801 383 0973 243 340 0250 342 384 0412 389 457 0218

* indicates statistically significant values (P < 0.05).
fSingle infection group (S).

%Coinfection group, (C).

SP value (P).

TUpper respiratory tract infection (URTTI).

became increasingly prevalent but the prevalence of hPIV3
decreased. We thought that tendency of each age group in
hPIV2 and hPIV3 was influenced by the proportion of diagno-
sis (P = 0.000). hPIV2 was more prevalent in URTI, and
hPIV3 was more prevalent in LRTL

We found some characteristics of hPIV4 infection. Few
children infected with hPIV4 developed croup in our study, as
shown in previous studies.'"!” In the single-infection group
with hPIV4, more children had wheezing and were diagnosed
with bronchiolitis. Most hPIV4 infections manifested as
LRTIs. The coinfection rate was also highest in hPIV4, as
shown in a previous study.19

In the present study, the most frequently coinfecting virus
was rhinovirus, followed by enterovirus, adenovirus, and boca-
virus. Rhinoviruses occur year round except in winter.”’ Rhi-
novirus is also frequently co-detected by mRT-PCR,*' as is
bocavirus.?? Furthermore, enterovirus occurs from summer to
early fall, and adenovirus occurs from late summer to fall;
these seasons overlap with hPIV4, according to the KINRESS
project. We therefore believe that this overlap is the reason
that these viruses were frequently co-detected with hPIV4 in
this study.

There are few studies on the epidemiology and characteris-
tics of hPIV4 worldwide. As hPIV4 is considered a marginal
respiratory pathogen, it is excluded from many commercial
respiratory mRT-PCR panel kits, so many clinicians do not
understand its features and have overlooked its clinical impor-
tance. Thus, a strength of our study was that it included only
Korean data, which was from a 5-year period with a large
group of enrolled children.

However, this study also had some limitations. First, this
study was performed in a single center for 5 years and thus
does not reflect the general data from Korea. Furthermore, our
center is a tertiary medical hospital, where many patients were
referred with illness from a primary or secondary health care
center. There might be a sampling bias that resulted in missing
mild illness, such as URTI. Our pediatric department was vis-
ited by few children with immunodeficiencies, such as
hemato-oncological diseases or immunodeficient diseases, so
we could not explore the manifestation of hPIV4 in immuno-
compromised patients. Second, this study was performed

retrospectively, and all data were collected from medical
charts, limiting the data available for analysis. Although there
are two subtypes of hPIV4 (4a and 4b), we could not distin-
guish between them. To overcome the limitations of the cur-
rent study, further prospective nationwide multicenter studies
are needed for a long period.

In conclusion, hPIV4 is an important pathogen of respira-
tory tract infections in children. hPIV4 was found to be more
common than previously thought and manifested with severe
illnesses such as LRTIs, especially bronchiolitis, in summer
and early fall in an irregular annual pattern. We should there-
fore realize the impact of hPIV4 and the need to detect it in
children with respiratory tract symptoms.
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