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The length of hospital stay (LOS) for patients with respiratory virus infections has been reported to
depend the virus type and infection severity. However, the impact of co-infections remains unclear.
Patients with suspected respiratory virus infections, who visited Dankook University Hospital
between December 2006 and February 2014, were included to examine the relationship between
co-infections and LOS. Multiplex reverse transcriptase-polymerase chain reactions were used to
identify the causative viruses. LOS was analyzed with respect to sex, age, virus, and co-infection.
During this period, 5,310 out of the 8,860 patients (59.9%; median age, 1.5 years) were respiratory
virus—positive. In respiratory virus—positive patients with single, double, and three-or-more

infections, the average LOS was 7.3, 6.7, and 6.6 days, respectively. Longer LOS was observed for Corresponding author: Jae Kyung Kim
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INTRODUCTION or mortality, influenza virus (INF) infection is associated

with increased LOS and mortality [3,4]. Nonetheless, the

Increased severity of viral infections has recently been impact of co-infections is, in general, still unclear [2,5-71.

reported to prolong the length of hospital stay (LOS). This study examined whether the LOS for respiratory virus

Further, the LOS may differ depending on the virus type infections differed by sex, age, causative virus, or viral
[1]. However, controversy exists regarding whether these co-infection.

viruses increase the severity of illness and LOS [2]. It has
been reported that, while co-infections do not affect LOS
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MATERIALS AND METHODS

1. Participants

A total of 8,860 patients who were treated at Dankook
University Hospital for respiratory symptoms between
December 2006 and February 2014 were retrospectively
included in the study. Patients were admitted either via the
emergency department or via outpatient services. Molecular
tests for the presence of respiratory viruses were per-
formed on all patients.

2. Ethical considerations

The present study was approved by the institutional
review board (IRB) of Dankook University (Date of IRB
approval: 2015.10.13; IRB approval No.: 2015-09-009).
The work described in this study has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki).

3. Sample collection and extraction of viral nucleic acid

Within 24 hours of admission, nasopharyngeal se-
cretions were collected by inserting a mucus extractor,
and connected to a sterile 8-French catheter (Sewoon
Medical, Cheonan, Korea) 5~7 cm into the nostril and
applying a suction pressure of 60~80 mmHg. Samples
were stored at 4°C until nucleic acid extraction was per-
formed. Nucleic acid extraction was performed using a
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) —accor-
ding to the manufacturer’s protocol — using QIAcube
(Qiagen, Hilden, Germany), which is automated equipment
for nucleic acid extraction. The extracted nucleic acids
were stored at —70°C until the tests were performed.

4. Respiratory virus detection

Respiratory viruses were detected using multiplex
reverse transcriptase-polymerase chain reactions (RT-PCR),
which can simultaneously detect 12 types of respiratory
virus. Ribonucleic acid (RNA) was isolated from naso-
pharyngeal secretions and reconstructed as comple-
mentary deoxyribonucleic acid (cDNA). The cDNA was
then amplified with the Seeplex RV detection kit-1
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(Seegene, Seoul, Korea) to test for one DNA virus,
adenovirus (ADV), and 11 RNA viruses that cause
respiratory infection: respiratory syncytial virus (RSV) A
and B; INF A and B; parainfluenza virus (PIV) types 1, 2,
and 3; human rhinovirus (HRV); human coronavirus
(hCoV) NL63, and OC43; and human metapneumovirus
(hMPV). PCR was performed using the PTC 200 PCR
system (M] Research, Watertown, MA, USA) with a
program of 40 cycles of: 30 s at 94°C, 90 s at 60°C, and
90 s at 72°C, followed by 1 cycle of 10 min at 72°C. The
amplified PCR products were analyzed after 30 min of
electrophoresis at 100~150 V in 2% agarose gels stained
with ethidium bromide.

5. Statistical analysis

Patient characteristics at the time of admission,
including age, sex, and LOS, were analyzed retrospectively.
A p-value by statistically analysis, <0.05 was considered
to be significant.

RESULTS

Of 8,860 patients, 6,492 respiratory viruses were
detected in 5,310 virus-positive patients. A total of 3,111
male and 2,199 female patients were positive for
respiratory virus infections; their median age was 1.5 years
(range, 2 days to 96.2 years, Table 1). Of the patients
admitted to the hospital and referred for PCR testing for
respiratory viruses, the average LOS among patients who
tested positive was 7.2 days; 7.3 and 7.0 days for men and
women, respectively (£=0.109) (Table 2). The average LOS
for the group of patients 0 ~10 years of age was 6.5 days;
however, the group aged 30 ~39 years was admitted for an
average of 10.7 days, and the group aged 50~59 years was
admitted for an average of 13.7 days, suggesting that age is
related to longer LOS (Figure 1). Regression analysis
showed a significant proportional relationship between
LOS and age (p<0.01).

Among single infections, infection with hCoV OC43
was associated with the longest LOS (10.1 days), followed
by infection with INF A (8.9 days). ADV infections had the
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Table 1. Analysis of cases according to the respiratory infection type, including positive ratios and length of hospital stay

Infection type No. of patients Ratio, % Men Women Median age Average LOS,
(average age) days
Submitted 8,860 100.0 5,292 3,568 2.2 (7.4)
Positive 5,310 59.9 3,111 2,199 1.5 (9.3) 7.2
Single infection 4,250 48.0 2,496 1,754 1.5 (10.3) 7.3
Multiple infections 1,060 12.0 615 445 1.4 (5.1) 6.7
Double infections 943 10.6 550 393 1.4 (5.1) 6.7
Three or more infections 117 13 65 52 1.5 (5.2) 6.6
Abbreviation: LOS, length of hospital stay.
Table 2. Analysis of cases according to single respiratory virus 100% e W W W W W W W W r 20.0
type, including positive ratios and length of hospital stay 90% | | 180
Length of o 80% - - 16.0 :gs
Virus No. of patients hospital stay, Ratio, %* ® - - 140 3
0 L]
days 5 120 B
5 60% - ]
INF A 466 8.9 11.0 £ L 100 g
INF B 134 6.5 3.2 = 50% | s §
RSV A 803 7.3 18.9 40% - L 60
Y 205 p 72 - 40
. . O 9 P D 9 O O 9 & P
PIV 1 162 6.9 38 G L i it S
PIV 2 49 6.3 1.2 Age groups (year)
PIV 3 262 7.7 6.2 B Single infection Multiple infection =~ —&—Length of hospital stay
HRV 794 7.1 18.7
hCoV NL63 117 7.2 2.8 Figure 1. Proportion of single and multiple respiratory virus
hCoV OC43 109 10.1 26 infections and length of hospital stay in respiratory virus-positive
ADV 503 6.2 118 patients, according to age.

*Number of each virus/Total positive number.

Abbreviation: INF, influenza; RSV, respiratory syncytial virus;
hMPV, human metapneumovirus; PIV, parainfluenza virus; HRV,
human rhinovirus; hCoV, human coronavirus; ADV, adenovirus.

shortest LOS, at 6.2 days (Table 2). The LOS for patients
infected with hCoV OC43 was significantly different from
that of patients infected with INF A virus (»<0.03). Among
patients positive for respiratory viruses, those with single
infections had an average LOS of 7.3 days, compared with
6.7 days in patients with double infections and 6.6 days in
patients with three or more identified respiratory viruses
(Table 1). Differences in LOS between patients with single
and the combined group of patients with double or three
or more infections were statistically significant (»<0.01).
However, the difference between double infections and
three or more infections was not significant (Table 1,
=0.858).
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DISCUSSION

This study found no difference in LOS based on sex, but
found that the LOS increased with increasing age. Previous
studies have reported increasing emergency room ad-
missions with increasing age [8]. And longer LOS among
the elderly, with observations that the LOS remains
constant despite the administration of antibiotics for viral
infections [9]. However, longer LOS in the elderly could
also be due to smoking, cardiovascular and/or respiratory
diseases, and decreased immunity [10].

Overall, respiratory viruses were detected in 59.9%
(5,310/8,860) of patients collected in this study; higher
than in other studies conducted at approximately the same
time period [11-13]. Of the viruses identified in patients
positive for respiratory viruses, HRV was the most
prevalent (21.4%), followed by RSV A (15.8%) and ADV
(15.2%). Similarly, Seo, et al. (2014) reported that the
prevalence of HRV, ADV, and RSV A infections were 31.8%,



19.2%, and 17.4%, respectively, in Chung-nam, Korea. A
study by Wishaupt, et al. (2011) in the Netherlands
reported the following prevalence rates: RSV A, 23.6%;
HRV, 19.4%; and RSV B infection, 11.5%. Although the
virus detection rates in the present study differed from
these other studies, the major viruses identified were the
same, namely RSV, HRV, and ADV. In relation to virus
types, the LOS of 10.1 days for hCoV OC43 was longer than
those of other virus types (range, 8.9-6.2 days); this was
significant (p=0.030) as was that for INF A (8.9 days),
compared with the other virus types (p=0.027). However,
previous studies have reported different relationships
between LOS and virus types. In recently published data,
the LOS for patients infected with INF A was reported to be
6.9 days, whereas LOS for patients infected with ADV or
hCoV OC43 was 8.2 days and 8.1 days, respectively [14]. In
another study, RSV and hMPV infections reportedly
resulted in LOS of 4 days and 3 days, respectively [15].
Although RSV B and RSV A infections did not differ in
severity, RSV B infection was reported to have a sig-
nificantly longer recovery time as well as a longer LOS [16].
However, a study that used oxygen therapy, admission to
the intensive care unit, and LOS greater than 5 days as
indices for severity reported that infections with RSV A
were more severe than infections with RSV B [17]. In
addition, the INF A virus subtypes H/N9, H5N1, and HIN1
have been reported to have different LOS [18]. These
varying LOS by study might be explained by different
standards for admission and discharge at individual
hospitals. In addition, differences in LOS might be in-
fluenced not only by virus type but also by underlying
diseases and their severity.

Regarding the relationship between LOS and the
number of infections, the LOS with single infections was
longer than that with multiple infections (7.3, 6.7 and 6.6
days for double and three or more infections, respectively)
by approximately 0.6 days (p=0.006). However, the LOS
was similar between infections associated with double
and three or more respiratory viruses. Papadopoulos, et al
(2002) reported a LOS difference between RSV and HRV as
single (2.8 days) and multiple infections (4.0 days).
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Similarly, there have been reports of longer LOS among
pediatric patients with multiple RV infections compared
with single infections [19,20]. Moreover, multiple in-
fections have been reported to induce a less favorable
prognosis [8]. In contrast, Esposito, et al (2013) reported
that the difference in LOS between single (6.9 days) and
multiple infections (7.1 days) was not significant. Other
studies have reported no difference in clinical symptoms,
prognosis, or intensive care unit admission rates between
single and multiple infections [21-23], with some
reporting less severe disease in patients with multiple
respiratory virus infections [24,25]. These results might be
affected by various conditions, such as underlying
diseases, type of virus detected in different geographical
regions, and the combination of viruses that caused the
multiple infections.

However, further research is required. LOS related to
respiratory virus infection was significantly longer for
older patients and those infected with hCoV OC43 or INF
A. These specific viral infections can cause many com-
plications, particularly cytopenias. Anemia, neutropenia,
and thrombocytopenia are common and are reportedly
caused by autoimmune mechanisms, including inhibition
of progenitor cells in the bone marrow, movement of
neutrophils from blood to tissue, and reduction of platelet
production or increased destruction of platelets in the
spleen or reticuloendothelial system [26,27]. These com-
plications mainly develop in cases of acute respiratory
infection and may affect clinical progress [28,29] because
they are related both to patient recovery and disease
progression. Studies on the severity of complications are
important for determining effective treatment.

The present study has some limitations. The study
subjects were selected only from the Cheonan area, and
the analyses were based on results from a single ins-
titution, thus limiting the generalizability of the findings.
In addition, as the subject selection did not involve a
planned design owing to the retrospective nature of the
study, additional examinations could not be performed.
Further multicenter studies with a larger number of
subjects are needed to clarify our findings. The strengths of
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this study are the long study period of 5 years and the fact
that recent data is presented.

In conclusion, the LOS for patients with multiple
infections was not longer than that for patients with single
infections. These results are anticipated to be useful for
developing effective treatment guidelines for respiratory
virus infections.
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