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Abstract
Introduction: Although highly pertinent for children, out-
breaks of human parainfluenza virus (HPIV) may cause up to 
15% of all respiratory illnesses in adults and predispose them 
to serious adverse outcomes, with HPIV serotype 3 (HPIV3) 
being the most common. This study represents the first re-
port of an HPIV3 outbreak among adults at a long-term 
health-care facility in Croatia. Methods: A retrospective 
study was conducted to investigate an outbreak of acute re-
spiratory infection (ARI) at a single residential care facility for 
the disabled in Croatia. Demographic, epidemiological, and 
clinical data were collected for all residents, while hospital-
ized patients were appraised in detail by laboratory/radio-

logical methods. Multiplex PCR for respiratory viruses and 
sequencing was performed. Partial HPIV3 HN 581 nt se-
quences were aligned with HPIV3 sequences from the Gen-
Bank database to conduct a phylogenetic analysis, where 
different bioinformatic approaches were employed. Results: 
In late June 2018, 5 of the 10 units at the facility were affect-
ed by the outbreak. Among the 106 residents, 23 (21.7%) de-
veloped ARI, and 6 (26.1%) of them were hospitalized. HPIV3 
was identified in 18 (73%) of the residents and 5 (83%) of the 
hospitalized individuals. Isolated HPIV3 strains were classi-
fied within the phylogenetic subcluster C5 but grouped on 
2 separate branches of the phylogenetic tree. During the en-
tire outbreak period, none of the institution’s employees re-
ported symptoms of ARI. Conclusions: Our study has shown 
that this health care-associated outbreak of HPIV3 infection 
could have been linked to multiple importation events. Pre-
ventive measures in curbing such incidents should be en-
forced vigorously. © 2019 S. Karger AG, Basel
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Introduction

Human parainfluenza viruses (HPIVs) 1‒4 belong to 
the family Paramyxoviridae and are divided into 2 genera, 
Respirovirus (serotype 1 and serotype 3) and Rubulavirus 
(serotype 2 and serotype 4). All of them are known to 
cause upper and lower respiratory tract infections [1, 2]. 
Although HPIV epidemics are responsible for a signifi-
cant burden of disease in children (accounting for ap-
proximately 40% of all pediatric hospitalizations due to 
lower respiratory tract infections), they may also cause up 
to 15% of all respiratory illnesses in adults and predispose 
debilitated and/or frail older individuals to severe disease 
[3, 4].

Infections caused by HPIV may be sporadic, although 
outbreaks are frequent. Seasonal variations in the occur-
rence of HPIV infections are generally seen when sero-
type-specific rates of infection are analyzed, which are 
highly dependent on the region [3–5]. More specifically, 
the seasonal infection patterns observed in the northern 
hemisphere, in countries with temperate climate, are ba-
sically absent in tropical and subtropical regions, where 
there is little variation in infection rates during the year 
[3, 6].

HPIV serotype 3 (HPIV3) represents the most com-
monly detected serotype in both children and adults pre-
senting with symptomatic disease [3, 5], which is also the 
case in Croatia [7, 8]. In a recent phylogenetic analysis, 
the HPIV3 cluster C/subcluster C3 (genetic lineage C3a) 
was found to be the most frequent circulating HPIV3 
strain among Croatian children with respiratory diseases 
[8]. However, the significance of other types, especially 
HPIV serotype 1, in epidemic years should be empha-
sized as well [3, 9, 10].

Outbreaks of HPIV in health-care settings have been 
primarily described in neonatal units [11–13] and hema-
tology/oncology wards [14–16]. Moreover, HPIV3 has 
been found to account for 90% of the nosocomial infec-
tions in bone marrow transplant units during peak viral 
seasons [3, 17–19]. Additionally, HPIV infection has also 
been documented in elderly individuals residing in long-
term care facilities, with prospective studies describing 
4‒14% annual infection rates [3].

In healthy adults, HPIV infection typically presents as 
a mild, self-limited upper respiratory tract illness with 
symptoms such as cough, rhinorrhea, and sore throat 
(with or without fever) [1, 3]. However, in predisposed 
individuals, infection may give rise to severe disease, lung 
function deterioration, as well prolonged hospitalization 
necessitating intensive care and even mechanical ventila-

tion [1, 3, 17, 19]. Therefore, early recognition of HPIV 
outbreaks among hospitalized patients or residents of 
long-term care facilities with various risk factors is piv-
otal.

This study represents the first published description of 
an HPIV outbreak among adults situated at a long-term 
health-care setting (residential care facility) in Croatia. 
We also emphasize the importance of viral sequencing 
and phylogenetic analysis in our approach. The outbreak 
was discovered after a prompt and comprehensive evalu-
ation of the etiological, epidemiological, and clinical 
specificities of an acute respiratory illness observed 
among the residents of a rehabilitation facility for persons 
with disabilities.

Materials and Methods

Patients and Specimens
A retrospective study was conducted to investigate an out-

break of acute respiratory infection (ARI) at the Stančić Residen-
tial Care Facility in Dugo Selo, Croatia, which provides residen-
tial and rehabilitation services to children and adults with phys-
ical, intellectual, sensory, and/or mental disabilities. A total of 
203 residents resided at the facility in the pavilion for nonambu-
latory patients, divided into 10 separate units. Both medical and 
nonmedical personnel were assigned to care for the residents in 
each unit. A total of 23 cases of ARI were identified at the facil-
ity between June 22 and July 3, 2018. Pharyngeal and nasopha-
ryngeal swabs were collected, placed in viral transport media, 
and subsequently analyzed using multiplex polymerase chain re-
action (PCR) to establish the etiological diagnosis. Demograph-
ic, epidemiological, and clinical data were collected for all the 
residents, while laboratory and radiological data were only col-
lected for hospitalized patients. In addition, blood cultures and 
the urine Legionella antigen test were performed for the patients 
hospitalized with pneumonia to determine the etiology of their 
illness. 

Laboratory Testing
Multiplex PCR for the Detection of Respiratory Viruses
To isolate viral nucleic acid from viral transport medium 

(UTMTM, Copan, Italy), the QIAamp® MinElute® Virus Spin 
Kit (Qiagen, Hilden, Germany) was used following the manufac-
turer’s protocol. Multiplex PCR and cDNA synthesis were per-
formed in a one-step reaction using a Seeplex® RV15 Detection 
Kit (Seegene Inc., Seoul, Korea) on a GeneAmp® 9700 PCR Sys-
tem Thermal Cycler (Applied Biosystems, Foster City, CA, 
USA), followed by microchip electrophoresis detection on an 
MCE®-202 MultiNA device (Shimadzu, Kyoto, Japan). Multi-
plex PCR was used to detect the following respiratory viruses: 
adenovirus, coronavirus 229E/NL63 and OC43, PIV types 1, 2, 
3, and 4, influenza virus types A and B, respiratory syncytial virus 
types A and B, metapneumovirus, bocavirus, rhinovirus, and en-
terovirus [7].
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RNA Isolation, RT-PCR, and Sequencing
The method for obtaining HPIV3 HN partial 581 nt sequenc-

es from the clinical samples was previously described by Košutić-
Gulija et al. [8]. Briefly, viral RNA was extracted from 250 μL of 
an NPA specimen, as reported previously by Chomczynski and 
Sacchi [20]. The cDNA was prepared from the total RNA using 
random hexamers and MuLV reverse transcriptase. Amplifica-
tion was carried out with 10 μL cDNA, OneTaq DNA Poly-
merase (New England Biolabs), and specific primers for the 
HPIV3 HN gene (HN2 7494For and HPIV3 HN2 8697Rev). The 
581 nt PCR products were visualized on 1.0% agarose gel, ex-
cised, and purified. 

Purified PCR products were then sequenced by employing a 
Big Dye Terminator v3.1 Cycle Sequencing Kit on an automated 
DNA sequencer, ABI PRISM 3130 Genetic Analyzer (Applied Bio-
systems, Foster City, CA, USA).

Phylogenetic Analysis
For phylogenetic analysis, the 581 nt HN gene sequences ob-

tained in this study were aligned with HPIV3 sequences down-
loaded from the GenBank database, which had been previously 
used in epidemiological studies.

The HN gene nucleotide sequences from this study were 
checked for similarity to database sequences using the Basic Local 
Alignment Search Tool (BLAST; http://blast.ncbi.nlm.nih.gov/
Blast.cgi). Alignments were performed using ClustalX 2.1 software 
[21], and the selection of the most suitable substitution model was 
determined with jModelTest 2.1.4 software [22]. Bayesian Markov 
Chain Monte Carlo (MCMC) inference was performed with 
BEAST v1.8.2 [23]. Convergence was assessed based on the effec-
tive sample size using Tracer v1.5 (http://beast.bio.ed.ac.uk/Trac-
er) after a 10% burn-in, and only values above 200 were accepted. 
Maximum clade credibility trees were generated with TreeAnno-
tator v1.8.2 and visualized with FigTree v1.4.2 (http://tree.bio.
ed.ac.uk/software/figtree).

The HPIV3 sequences obtained in this study were submitted 
to the GenBank under accession numbers MH684358–
MH684367.

Results

In late June 2018, an outbreak occurred in 5 of the 10 
units at the facility. Among the 106 residents in the units, 
23 (21.7%) developed ARI. The cases of ARI at the facil-
ity are presented in Figure 1 according to the date of 
symptom onset. The average age of those infected was 46 
years (range 22‒73), of whom 19 (82.6%) were male. 

All the patients presented with fever, muscle aches, fa-
tigue, and upper respiratory tract symptoms. Seventeen 
of the 23 patients had only mild symptoms, were treated 
symptomatically, and did not require hospitalization. 

Six of the 23 (26.1%) patients were hospitalized at the 
Dr. Fran Mihaljevic University Hospital for Infectious 
Diseases in Zagreb due to the severity of their illness. All 
six of these patients were motor impaired, suffered from 
epilepsy, and were on anticonvulsants, antipsychotics, 
and anxiolytics. None of them had other comorbidities or 
confirmed immunodeficiencies, and none was currently 
on immunosuppressants. All had a history of frequent 
respiratory infections.

The hospitalized patients had been admitted on aver-
age on the third day of illness (range 1–5). Mean C-reac-
tive protein value on admission was 88 mg/L (range 15–
132), and mean white blood cell count was 7,100 (range 
4,600–10,500) cells per microliter. Other routine labora-
tory findings were within the limits of reference values. 
Chest radiographs were obtained in all the patients, which 
revealed interstitial patchy confluent infiltrates, unilateral 
in two patients and bilateral in four. Two of the patients 
also had small pleural effusions. The patients with pneu-
monia were treated symptomatically (antipyretics, anal-
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Fig. 1. Cases of acute respiratory infection 
in the facility by date of symptom onset, 
Croatia, June to July 2018 (n = 23). HPIV3, 
human parainfluenza virus type 3.
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gesics, crystalloid solutions, oxygen therapy with a face 
mask), and due to suspected bacterial pneumonia, all of 
them received empirical antimicrobial treatment: three a 
combination of co-amoxiclav and azithromycin, one a 
combination of piperacillin/tazobactam and azithromy-
cin, and two levofloxacin as a monotherapy. None of the 
patients required intensive care or mechanical ventilation. 

In all 23 patients, the illness lasted for an average of 9.7 
days (range 4–28). All had good outcomes. The hospital-
ization of the pneumonia patients lasted for a mean of 7.3 
days (range 4–11). 

The hospitalized patients with pneumonia underwent 
a routine workup to determine the etiology of their dis-
ease: blood cultures, rapid urine Legionella antigen test, 
and serological screening for atypical pathogens (Myco-
plasma pneumoniae, Chlamydophila pneumoniae, Chla-
mydophila psittaci, Legionella pneumophila, and Coxiella 

burnetii). None of these bacterial pathogens was identi-
fied as the cause of the pneumonia. Further testing of na-
sopharyngeal and pharyngeal swabs using the multiplex 
PCR method identified HPIV3 in 18/23 (73%) of the res-
idents and 5/6 of the hospitalized patients by testing. No 
virus was detected in the specimens from 3 of the patients, 
the test results could not be interpreted for 1 patient, and 
no specimen was collected from 1 patient (Table 1). Dur-
ing the entire outbreak, none of the facility’s employees 
reported symptoms of ARI. An epidemiological investi-
gation failed to determine the potential source of the out-
break.

Partial HN gene sequences were successfully se-
quenced, and phylogenetic analysis has been performed 
from 17 clinical samples (Fig. 2). Seven strains showed 
identical sequences, represented by strain HR/27.18(448) 
MH684358 on the phylogenetic tree. The remaining 

Table 1. Clinical and laboratory data of 23 cases of acute respiratory infection at the Stancic Residential Care Facility from June 22 to 
July 3, 2018

Case 
No.

Clinical 
presentation

Unit Hospital 
admission

Multiplex 
PCR

RT-PCR 
and 
sequencing

Sample 
identification 
number/gene 
accession number

Number of different 
nucleotides according to 
the strain MH684358 
(sample 448) marked 
with x

1 pneumonia 4b yes PIV3 positive 441/** 0
2 pneumonia 4b yes PIV3 positive 442/** 0
3 pneumonia 4b yes PIV3 positive 444/MH684364 1
4 pneumonia 4b yes PIV3 positive 445/** 0
5 pneumonia 4b yes PIV3 positive 446/** 0
6 pneumonia 4b yes ND ND NA/NA NA
7 URTI 3b no PIV3 positive 447/MH684360 2
8 URTI 4b no PIV3 positive 448/MH684358 x
9 URTI 3b no negative ND 449/NA NA

10 URTI 4b no PIV3 positive 450/** 0
11 URTI 4b no negative ND 451/NA NA
12 URTI 1b no inconclusive ND 452/NA NA
13 URTI 5a no PIV3 positive 453/MH684359 3
14 URTI 4b no PIV3 positive 454/** 0
15 URTI 4b no PIV3 positive 455/MH684363 2
16 URTI 4b no PIV3 positive 456/** 0
17 URTI 4b no PIV3 negative 457/NA NA
18 URTI 4b no PIV3 positive 458/MH684361 2
19 URTI 4b no PIV3 positive 459/MH684365 4
20 URTI 6 no negative ND 460/NA NA
21 URTI 4b no PIV3 positive 461/MH684362 1
22 URTI 5a no PIV3 positive 462/MH684366 5
23 URTI 5a no PIV3 positive 463/MH684367 3

URTI, upper respiratory tract infection; PIV3, parainfluenza virus type 3; NA, not applicable; ND, not done. ** Sequences are iden-
tical to those of strain MH684358 (sample 448).
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strains differed among each other by 1–7 nucleotides, 
with the most differences between strains 

	− HR/27.18(459) MH684365 and HR/27.18(462) 
MH684366, 

	− HR/27.18(458) MH684361 and HR/27.18(462) 
MH684366, 

	− HR/27.18(459) MH684365 and HR/27.18(463) 
MH684367, and

	− HR/27.18(453) MH684359 and HR/27.18(459) 
MH684365. 

All strains were classified within the subcluster C5 but 
grouped on 2 separate branches of the phylogenetic tree 
(Fig. 2). 

Discussion

HPIVs are frequent causative agents of respiratory infec-
tions in children, while their significance in adults, including 
their burden of morbidity and mortality, is much less under-

HR/27.18(444) MH684364
HR/27.18(448) MH684358 (7)
HR/28.18(461) MH684362
HR/27.18(447) MH684360
HR/28.18(458) MH684361
HR/27.18(455) MH684363
HR/28.18(459) MH684365
MF034891
HR MH684335 C5
HR MH684339
KY369866
HR MH684351
HR/28.18(463) MH684367
HR/27.18(453) MH684359
HR/28.18(462) MH684366
HR KX467918 C5
HR KX467891 C5
GU732149 C3c
HR KX467901 C3e
GU732171 C3f
HR KX467904 C3e
HR KX467962 C3a
HR KX467933 C3a
HR KX467906 C3b
JX131646 C2
HR KX467887 C2
HR KX467943 C1b
KT766010 C1b
HR KX467886 C1a
HR KX467914 C1a
KF530230 B
KF687336 B
EU424062 B
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0.75
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Fig. 2. Maximum clade credibility tree of HPIV3 strains based on 
partial HN gene (581 nt) sequences. The tree includes 10 unique 
sequences obtained in this study and 23 sequences retrieved from 
the GenBank. This phylogenetic tree was generated using the 
Hasegawa-Kishino-Yano substitution model with a proportion of 
invariable sites. Bayesian MCMC chains were run for 10 million 
generations, with sampling every 1,000 generations and a 1,000 
burn-in to reach convergence. Only posterior probabilities above 
0.5 are shown. The GenBank sequences are presented with their 

accession numbers, while the Croatian HPIV3 sequences from 
previous epidemiological studies have the prefix HR. Sequences 
from this study are shown in bold and are indicated with their 
strain identification number, followed by the accession number. 
The numbers of identical sequences are shown in parentheses, and 
the genetic classification is shown next to the strain accession 
number. Strains isolated from cases detected on Unit 5a 
(HR/28.18(463) MH684367, HR/27.18(453) MH684359, and 
HR/28.18(462) MH684366) are located on a separate branch. 
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stood [4, 24]. HPIV3 is an important causative agent of ARI 
that can be complicated with pneumonia, especially in im-
munocompromised and elderly individuals. Outbreaks 
caused by HPIV3 have been most frequently described in 
neonatal units [11–13] and inpatient units with hematolo-
gy/oncology patients [14–16] but also among elderly indi-
viduals residing in long-term care facilities [17–19]. 

This is the first study to describe an outbreak of HPIV3 
among adults at a residential care facility for the disabled. 
This small outbreak occurred in late June, the beginning 
of summer. In countries with temperate climes, HPIV3 
has been described to occur epidemically but most fre-
quently in the spring (April‒June) [5, 8]. Based on the 
5-year retrospective study in Croatia (2011‒2015), 2 epi-
demic peaks per year were noticed in some years (2012, 
2014, and 2015), while in 2011 and 2013, only 1 epidemic 
peak occurred, in spring and autumn, respectively [8].

This study showed that multiplex PCR contributes to 
the comprehensive and rapid etiological diagnosis of 
ARI, timely identification of the epidemic etiology, and, 
consequently, the rapid introduction of measures for the 
prevention and control of the spread of infection in resi-
dential care facilities. Rapid diagnostics could facilitate 
decision-making concerning the avoidance of antimicro-
bial therapy where there is no demonstrable benefit or at 
least earlier exclusion [18]. It could also be useful for the 
implementation of measures for the control and preven-
tion of nosocomial infections, such as increased surveil-
lance and epidemic control [25].

Symptomatic and supportive therapies form the basis 
for the treatment of noninfluenza viral respiratory infec-
tions because effective antiviral drugs and vaccines are 
still not available. However, rapid molecular tests, such as 
multiplex PCR, can aid in the early detection of illnesses 
caused by these viruses and reduce the unnecessary use of 
antimicrobial drugs.

In our outbreak setting, all residents were mobile, and 
some of them were placed on the same ward. The latter 
means that there was ample opportunity for interaction 
among residents; therefore, the infection could spread when 
the residents were using joint facilities. This spread could 
have been reinforced further by someone from the person-
nel (i.e., nurse, caretaker, cleaning person, or social worker).

Methods of epidemic control were immediately insti-
tuted, most notably enhanced hand hygiene and disinfec-
tion, mandatory masks and gloves (barrier nursing), 
room ventilation, and patient placement into separate 
rooms. However, due to institutional restraints and lack 
of isolation rooms, contact isolation could not be com-
pletely implemented.

Furthermore, all visits to the residential care facility 
were immediately prohibited, residents were not allowed to 
return home, while an epidemiologist on call and sanitary 
engineer were notified about the outbreak. A chart was de-
veloped to determine the patient zero and subsequent 
spread of infection across wards, which aided in limiting 
the outbreak but not in pinpointing the exact source.

All the patients hospitalized with pneumonia in this 
study received antimicrobial therapy because they were 
initially thought to have bacterial pneumonia. Multiple 
nodular infiltrates in patients with HPIV3 pneumonia for 
whom other causative factors of pneumonia have been 
excluded have been described in the literature, particu-
larly in the immunocompromised [26]. However, these 
patients still received empirical therapy with antibiotics 
because bacterial infection could not be excluded with 
certainty [26]. It is likely that our patients had severe viral 
pneumonia caused by HPIV3, for which antimicrobial 
drugs were not justified. 

At this time, no antiviral drug has been approved for the 
treatment of HPIV infections [3]. Several novel drugs, in-
cluding DAS181, seem promising in the treatment of severe 
disease in immunocompromised patients [27], and vac-
cines to decrease the burden of disease in young children 
are in development [28, 29]. Currently available antiviral 
therapy seems to be inadequate in reducing viral shedding 
or mortality once pneumonia has been diagnosed [30]. 

Thus far, residential care facilities have been rarely im-
plicated in HPIV3 outbreaks. Conversely, hospitalization 
in an oncology department was associated with an in-
creased likelihood of HPIV3 infection (aOR 2.29, 95% CI 
1.78–2.96) as well as hospitalization in an organ trans-
plantation department (aOR 3.65, 95% CI 2.80–4.76) 
[31]. The predominant lineages were C3c (62.3%) and 
C1b (24.6%), followed by sub-lineages C5 (8.7%) and C3b 
(2.9%) [31]. Moreover, previous studies have demon-
strated that detailed molecular investigations are benefi-
cial in identifying the transmission routes in HPIV3 out-
breaks [14, 16].

Based on partial HN gene sequences, Croatian HPIV3 
strains have been classified as the subcluster C5, which is 
in accordance with a previous epidemiological study of 
HPIV3 in Croatia [8] as well as other studies showing 
cluster C predominance [32–34]. BLAST search revealed 
that these strains were highly similar to strains isolated in 
the USA in 2016, namely KY369866 and MF034891 
(Fig. 2), demonstrating that similar strains can be isolated 
at different times and from distant geographical sites.

Phylogenetic analysis also showed that the HPIV3 
strains implicated in this outbreak are grouped on 2 sepa-
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rate branches of the phylogenetic tree, albeit they all belong 
to HPIV3 cluster C/subcluster C5 (Fig. 2). This difference 
is also observed clinically, as the 2 groups of patients from 
whom the samples were collected were located in different 
rehabilitation facility units (Table 1), which means that 
there could have been 2 separate sources of HPIV infection.

Certain parallels can be drawn between this communi-
ty-based outbreak and some reports of hospital-based out-
breaks on hematology/oncology wards described in the lit-
erature [35, 36]. A research group from the UK recently 
described a point source outbreak of HPIV3 on an oncol-
ogy pediatric unit in one major teaching hospital [35]. Akin 
to our report, there were no fatalities, and the main clinical 
impact was increased hospital stay (comparable to resi-
dents in our study that necessitated hospitalization).

However, on the hematology unit from another UK 
teaching hospital (with patients older than 17 years), 8 
patients with PIV3 mono-infection (out of 19) died [36]. 
Such a significant mortality rate – despite swift introduc-
tion of manifold infection control measures – shows how 
PIV3 infections in adults hospitalized in posttransplant 
hematological units and presenting with severe immuno-
suppression are particularly hard to manage [36].

In addition to measures instituted in our report, these 
literature examples show how infection control measures 
during the outbreaks on hematology and pediatric oncol-
ogy wards included viral screening of nasopharyngeal as-
pirates twice every week, dividing nurses into strictly sep-
arate cohorts and even closing the ward completely [35, 
36]. There is even a consideration to include a policy for 
staff screening [35]; such measures are thus far not con-
sidered in Croatian conditions.

Discussed hospital cases reveal how transmission 
models often fail to identify transmission patterns be-
tween all the patients involved in the outbreak [35], hence 
it is not surprising that developing such a model in our 
example would prove very cumbersome. Conversely, a 
recent PIV3 outbreak report among US hematologic on-
cology patients clearly implicated visitors, unit activities, 
and fomites as chief sources of infection [37]. However, 
despite epidemiological intricacies, the clinical impact in 
our case is rather clear, as the illness was so severe that it 
necessitated a hospital stay for one-quarter of the infected 
individuals. Furthermore, it is frequently emphasized 
how molecular investigations are indispensable for out-
breaks like these [35–37].

Our study has several limitations. First of all, the envi-
ronmental sampling was not pursued, which could have 
proven pivotal in pinpointing the exact source during the 
outbreak. Furthermore, no air sampling was conducted 

in our study, although some studies have noted the po-
tential significance of aerosols in HPIV transmission 
[38]. Finally, the HN gene sequences were partial and we 
did not conduct F gene analysis or sequence alignments 
for HPIV3 amplicons, as in other similar studies [14].

In conclusion, our study has shown that this health 
care-associated outbreak of HPIV3 infection could have 
been linked to multiple importation events, which subse-
quently resulted in branched nosocomial transmission 
across several units of a single rehabilitation facility. The 
findings strengthen the notion that routine hand wash-
ing, diligent environmental cleaning, patient isolation, 
and limited visitations still remain the cornerstones of 
preventive measures in curbing such outbreak events.

Statement of Ethics

The planning conduct and reporting of studies was in line with 
the Declaration of Helsinki, as revised in 2013. The research was 
performed in accordance with relevant guidelines/regulations and 
informed consent was obtained from all participants or their legal 
guardians. The study was approved by the Ethics Committee of the 
Dr. Andrija Stampar Teaching Institute of Public Health and con-
ducted as part of the Croatian Science Foundation project entitled 
“New and neglected respiratory viruses in vulnerable groups of 
patients.”

Disclosure Statement

The authors have no conflicts of interest to declare.

Funding Sources

This study was supported by the Croatian Science Foundation, 
Project No. 7556, “New and neglected respiratory viruses in vul-
nerable groups of patients,” and Project No. 6255, “Genomics and 
molecular epidemiology of human paramyxoviruses in Croatia.”

This material was also supported by the grant “Strengthening 
the capacity of CerVirVac for research in virus immunology and 
vaccinology,” KK.01.1.1.01.0006, awarded to the Scientific Centre 
of Excellence for Virus Immunology and Vaccines and co-fi-
nanced by the European Regional Development Fund.

Author Contributions

Design of research: R.C. and S.L.-S. Data acquisition: R.C., 
E.H., N.T. Data analysis: R.C., T.K.-G., A.S., T.M., N.T., and S.L.-S. 
Data interpretation and writing of the manuscript: R.C., T.M., 
E.H., J.V., and S.L.-S. Preparation of figures: T.K.-G., A.S., and 
S.L.-S. All authors reviewed and approved the final version of the 
manuscript.

D
ow

nl
oa

de
d 

by
: 

K
un

gl
ig

a 
T

ek
ni

sk
a 

H
og

sk
ol

an
   

   
   

   
   

   
   

   
   

 
13

0.
23

7.
37

.2
7 

- 
9/

2/
20

20
 1

0:
30

:0
7 

A
M



Human Parainfluenza Virus 3 Outbreak 
at Long-Term Health Facility

181Intervirology 2019;62:174–181
DOI: 10.1159/000503630

References

  1	 Henrickson KJ. Parainfluenza viruses. Clin 
Microbiol Rev. 2003 Apr; 16(2): 242–64.

  2	 Vainionpää R, Hyypiä T. Biology of parain-
fluenza viruses. Clin Microbiol Rev. 1994 Apr; 

7(2): 265–75.
  3	 Branche AR, Falsey AR. Parainfluenza Virus 

Infection. Semin Respir Crit Care Med. 2016 
Aug; 37(4): 538–54.

  4	 Civljak R, Tot T, Falsey AR, Huljev E, Vranes 
J, Ljubin-Sternak S. Viral pathogens associ-
ated with acute respiratory illness in hospital-
ized adults and elderly from Zagreb, Croatia, 
2016 to 2018. J Med Virol. 2019 Jul; 91(7): 

1202–9.
  5	 Fry AM, Curns AT, Harbour K, Hutwagner L, 

Holman RC, Anderson LJ. Seasonal trends of 
human parainfluenza viral infections: United 
States, 1990-2004. Clin Infect Dis. 2006 Oct; 

43(8): 1016–22.
  6	 Chew FT, Doraisingham S, Ling AE, Kumar-

asinghe G, Lee BW. Seasonal trends of viral 
respiratory tract infections in the tropics. Ep-
idemiol Infect. 1998 Aug; 121(1): 121–8.

  7	 Ljubin-Sternak S, Marijan T, Ivković-
Jureković I, Čepin-Bogović J, Gagro A, Vraneš 
J. Etiology and Clinical Characteristics of Sin-
gle and Multiple Respiratory Virus Infections 
Diagnosed in Croatian Children in Two Re-
spiratory Seasons. J Pathogens. 2016; 2016: 

2168780.
  8	 Košutić-Gulija T, Slovic A, Ljubin-Sternak S, 

Mlinarić-Galinović G, Forčić D. Genetic anal-
ysis of human parainfluenza virus type 3 ob-
tained in Croatia, 2011-2015. J Med Micro-
biol. 2017 Apr; 66(4): 502–10.

  9	 Košutić-Gulija T, Slovic A, Ljubin-Sternak S, 
Mlinarić-Galinović G, Forčić D. A study of 
genetic variability of human parainfluenza vi-
rus type 1 in Croatia, 2011-2014. J Med Mi-
crobiol. 2016 Aug; 65(8): 793–803.

10	 Marx A, Török TJ, Holman RC, Clarke MJ, 
Anderson LJ. Pediatric hospitalizations for 
croup (laryngotracheobronchitis): biennial 
increases associated with human parainflu-
enza virus 1 epidemics. J Infect Dis. 1997 Dec; 

176(6): 1423–7.
11	 Ben-Shimol S, Landau D, Zilber S, Greenberg 

D. Parainfluenza virus type 3 outbreak in a 
neonatal nursery. Clin Pediatr (Phila). 2013 
Sep; 52(9): 866–70.

12	 Maeda H, Haneda K, Honda Y. Parainfluenza 
virus type 3 outbreak in a neonatal intensive 
care unit. Pediatr Int (Roma). 2017 Nov; 

59(11): 1219–22.
13	 Dunn GL, Tapson H, Davis J, Gobin M. Out-

break of Piv-3 in a Neonatal Intensive Care 
Unit in England. Pediatr Infect Dis J. 2017 
Mar; 36(3): 344–5.

14	 Kim T, Jin CE, Sung H, Koo B, Park J, Kim 
SM, et al. Molecular epidemiology and envi-
ronmental contamination during an outbreak 
of parainfluenza virus 3 in a haematology 
ward. J Hosp Infect. 2017 Dec; 97(4): 403–13.

15	 Harvala H, Gaunt E, McIntyre C, Roddie H, 
Labonte S, Curran E, et al. Epidemiology and 
clinical characteristics of parainfluenza virus 
3 outbreak in a Haemato-oncology unit. J In-
fect. 2012 Sep; 65(3): 246–54.

16	 Lee AV, Bibby DF, Oakervee H, Rohatiner A, 
Ushiro-Lumb I, Clark DA, et al. Nosocomial 
transmission of parainfluenza 3 virus in he-
matological patients characterized by molec-
ular epidemiology. Transpl Infect Dis. 2011 
Aug; 13(4): 433–7.

17	 Glasgow KW, Tamblyn SE, Blair G. A respira-
tory outbreak due to parainfluenza virus type 
3 in a home for the aged — Ontario. Can 
Commun Dis Rep. 1995 Apr; 21(7): 57–61.

18	 Ryan S, Gillespie E, Stuart RL. A parainflu-
enza virus type 3 outbreak at a residential aged 
care facility: the role of microbiologic testing 
in early identification and antimicrobial stew-
ardship. Am J Infect Control. 2017 Feb; 45(2): 

203–5.
19	 Falsey AR, Walsh EE. Viral pneumonia in 

older adults. Clin Infect Dis. 2006 Feb; 42(4): 

518–24.
20	 Chomczynski P, Sacchi N. Single-step meth-

od of RNA isolation by acid guanidinium 
thiocyanate-phenol-chloroform extraction. 
Anal Biochem. 1987 Apr; 162(1): 156–9.

21	 Larkin MA, Blackshields G, Brown NP, Chen-
na R, McGettigan PA, McWilliam H, et al. 
Clustal W and Clustal X version 2.0. Bioinfor-
matics. 2007 Nov; 23(21): 2947–8.

22	 Darriba D, Taboada GL, Doallo R, Posada D. 
jModelTest 2: more models, new heuristics 
and parallel computing. Nat Methods. 2012 
Jul; 9(8): 772.

23	 Drummond AJ, Suchard MA, Xie D, Ram-
baut A. Bayesian phylogenetics with BEAUti 
and the BEAST 1.7. Mol Biol Evol. 2012 Aug; 

29(8): 1969–73.
24	 Hall CB. Respiratory syncytial virus and para-

influenza virus. N Engl J Med. 2001 Jun; 

344(25): 1917–28.
25	 Kothari A, Burgess MJ, Crescencio JC, Ken-

nedy JL, Denson JL, Schwalm KC, et al. The 
role of next generation sequencing in infec-
tion prevention in human parainfluenza virus 
3 infections in immunocompromised pa-
tients. J Clin Virol. 2017 Jul; 92: 53–5.

26	 Ferguson PE, Sorrell TC, Bradstock K, Carr P, 
Gilroy NM. Parainfluenza virus type 3 pneu-
monia in bone marrow transplant recipients: 
multiple small nodules in high- resolution 
lung computed tomography scans provide a 
radiological clue to diagnosis. Clin Infect Dis. 
2009 Apr; 48(7): 905–9.

27	 Salvatore M, Satlin MJ, Jacobs SE, Jenkins SG, 
Schuetz AN, Moss RB, et al. DAS181 for 
Treatment of Parainfluenza Virus Infections 
in Hematopoietic Stem Cell Transplant Re-
cipients at a Single Center. Biol Blood Marrow 
Transplant. 2016 May; 22(5): 965–70.

28	 Stewart-Jones GB, Chuang GY, Xu K, Zhou T, 
Acharya P, Tsybovsky Y, et al. Structure-
based design of a quadrivalent fusion glyco-
protein vaccine for human parainfluenza vi-
rus types 1-4. Proc Natl Acad Sci USA. 2018 
Nov; 115(48): 12265–70.

29	 Schmidt AC, Schaap-Nutt A, Bartlett EJ, 
Schomacker H, Boonyaratanakornkit J, Kar-
ron RA, et al. Progress in the development of 
human parainfluenza virus vaccines. Expert 
Rev Respir Med. 2011 Aug; 5(4): 515–26.

30	 Nichols WG, Corey L, Gooley T, Davis C, 
Boeckh M. Parainfluenza virus infections af-
ter hematopoietic stem cell transplantation: 
risk factors, response to antiviral therapy, and 
effect on transplant outcome. Blood. 2001 
Aug; 98(3): 573–8.

31	 Jornist I, Muhsen K, Ram D, Lustig Y, Levy V, 
Orzitser S, et al. Characterization of human 
parainfluenza virus-3 circulating in Israel, 
2012-2015. J Clin Virol. 2018 Oct; 107: 19–24.

32	 Goya S, Mistchenko AS, Viegas M. Phyloge-
netic and molecular analyses of human para-
influenza type 3 virus in Buenos Aires, Argen-
tina, between 2009 and 2013: the emergence 
of new genetic lineages. Infect Genet Evol. 
2016 Apr; 39: 85–91.

33	 Mao N, Ji Y, Xie Z, Wang H, Wang H, An J, 
et al. Human parainfluenza virus-associated 
respiratory tract infection among children 
and genetic analysis of HPIV-3 strains in Bei-
jing, China. PLoS One. 2012; 7(8):e43893.

34	 Godoy C, Peremiquel-Trillas P, Andrés C, 
Gimferrer L, Uriona SM, Codina MG, et al. A 
molecular epidemiological study of human 
parainfluenza virus type 3 at a tertiary univer-
sity hospital during 2013–2015 in Catalonia, 
Spain. Diagn Microbiol Infect Dis. 2016 Oct; 

86(2): 153–9.
35	 Smielewska A, Pearson C, Popay A, Roddick 

I, Reacher M, Emmott E, et al. Unrecognised 
Outbreak: human parainfluenza virus infec-
tions in a pediatric oncology unit. A new di-
agnostic PCR and virus monitoring system 
may allow early detection of future outbreaks. 
Wellcome Open Res. 2018 Sep; 3: 119.

36	 Jalal H, Bibby DF, Bennett J, Sampson RE, 
Brink NS, MacKinnon S, et al. Molecular in-
vestigations of an outbreak of parainfluenza 
virus type 3 and respiratory syncytial virus in-
fections in a hematology unit. J Clin Micro-
biol. 2007 Jun; 45(6): 1690–6.

37	 Bailey ES, Lobaugh-Jin E, Smith B, Sova  
C, Misuraca J, Henshaw N, Gray GC. Molec
ular epidemiology of an outbreak of human 
parainfluenza virus 3 among oncology  
patients. J Hosp Infect. 2019 Jul 26. pii:  
S0195-6701(19)30306-8. doi: https://doi.
org/10.1016/j.jhin.2019.07.012.

38	 Boone SA, Gerba CP. Significance of fomites 
in the spread of respiratory and enteric viral 
disease. Appl Environ Microbiol. 2007 Mar; 

73(6): 1687–96.

D
ow

nl
oa

de
d 

by
: 

K
un

gl
ig

a 
T

ek
ni

sk
a 

H
og

sk
ol

an
   

   
   

   
   

   
   

   
   

 
13

0.
23

7.
37

.2
7 

- 
9/

2/
20

20
 1

0:
30

:0
7 

A
M

https://www.karger.com/Article/FullText/503630?ref=1#ref1
https://www.karger.com/Article/FullText/503630?ref=1#ref1
https://www.karger.com/Article/FullText/503630?ref=2#ref2
https://www.karger.com/Article/FullText/503630?ref=3#ref3
https://www.karger.com/Article/FullText/503630?ref=4#ref4
https://www.karger.com/Article/FullText/503630?ref=5#ref5
https://www.karger.com/Article/FullText/503630?ref=6#ref6
https://www.karger.com/Article/FullText/503630?ref=6#ref6
https://www.karger.com/Article/FullText/503630?ref=7#ref7
https://www.karger.com/Article/FullText/503630?ref=8#ref8
https://www.karger.com/Article/FullText/503630?ref=8#ref8
https://www.karger.com/Article/FullText/503630?ref=9#ref9
https://www.karger.com/Article/FullText/503630?ref=9#ref9
https://www.karger.com/Article/FullText/503630?ref=10#ref10
https://www.karger.com/Article/FullText/503630?ref=11#ref11
https://www.karger.com/Article/FullText/503630?ref=12#ref12
https://www.karger.com/Article/FullText/503630?ref=13#ref13
https://www.karger.com/Article/FullText/503630?ref=14#ref14
https://www.karger.com/Article/FullText/503630?ref=15#ref15
https://www.karger.com/Article/FullText/503630?ref=15#ref15
https://www.karger.com/Article/FullText/503630?ref=16#ref16
https://www.karger.com/Article/FullText/503630?ref=17#ref17
https://www.karger.com/Article/FullText/503630?ref=17#ref17
https://www.karger.com/Article/FullText/503630?ref=18#ref18
https://www.karger.com/Article/FullText/503630?ref=19#ref19
https://www.karger.com/Article/FullText/503630?ref=20#ref20
https://www.karger.com/Article/FullText/503630?ref=21#ref21
https://www.karger.com/Article/FullText/503630?ref=21#ref21
https://www.karger.com/Article/FullText/503630?ref=22#ref22
https://www.karger.com/Article/FullText/503630?ref=23#ref23
https://www.karger.com/Article/FullText/503630?ref=24#ref24
https://www.karger.com/Article/FullText/503630?ref=25#ref25
https://www.karger.com/Article/FullText/503630?ref=26#ref26
https://www.karger.com/Article/FullText/503630?ref=27#ref27
https://www.karger.com/Article/FullText/503630?ref=27#ref27
https://www.karger.com/Article/FullText/503630?ref=28#ref28
https://www.karger.com/Article/FullText/503630?ref=29#ref29
https://www.karger.com/Article/FullText/503630?ref=29#ref29
https://www.karger.com/Article/FullText/503630?ref=30#ref30
https://www.karger.com/Article/FullText/503630?ref=31#ref31
https://www.karger.com/Article/FullText/503630?ref=32#ref32
https://www.karger.com/Article/FullText/503630?ref=33#ref33
https://www.karger.com/Article/FullText/503630?ref=34#ref34
https://www.karger.com/Article/FullText/503630?ref=35#ref35
https://www.karger.com/Article/FullText/503630?ref=36#ref36
https://www.karger.com/Article/FullText/503630?ref=36#ref36
https://www.karger.com/Article/FullText/503630?ref=37#ref37
https://www.karger.com/Article/FullText/503630?ref=38#ref38

	TabellenTitel
	TabellenFussnote

