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Abstract: Acute respiratory infections (ARIs) cause large disease
burden each year. The codetection of viral and bacterial pathogens is
quite common; however, the significance for clinical severity remains
controversial. We aimed to identify viruses and bacteria in hospitalized
children with ARI and the impact of mixed detections.

Hospitalized children with ARI aged <16 were recruited from 2009
to 2013 at the Children’s Hospital of Chongqing Medical University,
Chongqing, China. Nasopharyngeal aspirates (NPAs) were collected for
detection of common respiratory viruses by reverse transcription poly-
merase chain reaction (RT-PCR) or PCR. Bacteria were isolated from
NPAs by routine culture methods. Detection and codetection frequen-
cies and clinical features and severity were compared.

Of the 3181 hospitalized children, 2375 (74.7%) were detected with >1
virus and 707 (22.2%) with >1 bacteria, 901 (28.3%) with >2 viruses, 57
(1.8%) with >2 bacteria, and 542 (17.0%) with both virus and bacteria. The
most frequently detected were Streptococcus pneumoniae, respiratory syn-
cytial virus, parainfluenza virus, and influenza virus. Clinical characteristics
were similar among different pathogen infections for older group (>6 years
old), with some significant difference for the younger. Cases with any
codetection were more likely to present with fever; those with >2 virus
detections had higher prevalence of cough; cases with virus and bacteria
codetection were more likely to have cough and sputum. No significant
difference in the risk of pneumonia, severe pneumonia, and intensive care
unit admission were found for any codetection than monodetection.

There was a high codetection rate of common respiratory pathogens
among hospitalized pediatric ARI cases, with fever as a significant predictor.
Cases with codetection showed no significant difference in severity than
those with single pathogens.
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Abbreviations: AdV = adenovirus, ARI = acute respiratory
infection, BoV = bocavirus, CoV = coronavirus, ICU = intensive
care unit, IFVA = influenza A virus, IFVB = influenza B virus,
MPV = metapneumovirus, PIV = parainfluenza virus, RSV =
respiratory syncytial virus, RV = rhinovirus.

INTRODUCTION

Acute respiratory infection (ARI), which could lead to

serious complications including pneumonia, acute bron-
chitis, otitis media, and others, are thought to cause 4.25 million
deaths each year.! The populations most susceptible to fatal
respiratory infection are those very young, the elderly, and the
immunocompromised.> As the leading cause of illness in
children, ARI causes approximately 1.8 million fatal cases of
pneumonia per year among children <5 years of age.>* ARIs
are classified as upper respiratory tract infections (URTIs) or
lower respiratory tract infections (LRTIs). Most URTIs are
caused by viruses, including influenza virus A or B (IFVA/
B), respiratory syncytial virus (RSV), human rhinovirus (RV),
parainfluenza virus (PIV), and human coronavirus (CoV).
URTIs are common but rarely life threatening, whereas LRTIs
can lead to more severe illnesses, such as pneumonia and
bronchiolitis. Both of these infections can also be caused by
bacterial pathogens, such as Streptococcus pneumoniae, Hae-
mophilus influenzae, Haemophilus parainfluenzae, Klebsiella
pneumoniae, and others. With the use of molecular detection
techniques, simultaneous detection of multiple respiratory
pathogens in patients with ARIs has been reported more fre-
quently.>® The codetection of viral and bacterial pathogens is
also quite common, especially in those less-developed
countries.”® The significance of mixed detections for clinical
severity is controversial with inconsistent results reported by the
previous studies. The difficulties in establishing precise bac-
teriological or viral etiology and the frequent occurrence of
mixed infections pose a challenge to medical treatment and
clinical management. In the present study, we aimed to describe
the detection of viruses and bacteria in hospitalized children
with ARI in a subtropical city of mainland China, investigate the
simultaneous detection pattern of multiple viruses and bacteria,
and assess their association with clinical outcomes and severity.

MATERIALS AND METHODS

Sources of Data

We enrolled hospitalized children aged <16 years with ARI
(determined based on syndromes of cough, rhinorrhea, and/or
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dyspnea, and/or fever of >37.5°C) admitted from June 2009
through October 2013 to the Children’s Hospital of Chongqing
Medical University, Chongqing, China. Fever caused by known
chronic medical conditions was excluded. For recruited patients,
nasopharyngeal aspirates (NPAs) samples were collected on
hospital admission after obtaining informed consent. We used
a standardized Respiratory Syndrome Cases Information Ques-
tionnaire to collect data on demographics, underlying medical
conditions, selected laboratory tests, radiographic findings,
clinical manifestations, management, and outcomes. Pneumonia
was defined by the presence of patchy alveolar opacities on chest
radiographs, in addition to symptoms of cough, dyspnea (lower
chest wall indrawing), or tachypnea (in infants, >50—60 breaths/
min; in older children, >40 breaths/min). Severe pneumonia was
defined as pneumonia with hypoxemia (maintained Sao, < 92%
in air) or rising respiratory and pulse rates with clinical evidence
of respiratory distress and exhaustion with or without raised
Paco,.

This study was performed with the approval of the Ethical
Committees of Children’s Hospital of Chongqing Medical
University and the Beijing Institute of Microbiology and Epi-
demiology. At recruitment, written informed consent was
obtained from all parents or legal guardians of the participants.

Laboratory Detection

NPAs were preserved in virus transport medium (Hainan
Xingnanfeng Medical equipment Enterprise Co, Ltd, Hainan,
China) immediately after collection, and stored at —80°C prior
to testing. Viral DNA and RNA were extracted from 200 L of
the NPA and eluted in 62 pL of AE Buffer by using QIlAamp
MinElute Virus Spin Kits (QIAGEN, Hilden, Germany). The
complementary DNA sample was synthesized by using Super-
Script First-Strand Synthesis System for reverse transcription
polymerase chain reaction (RT-PCR) (Invitrogen, Camarillo,
CA). All samples were screened by RT-PCR or PCR for
common respiratory viruses: IFVA, IFVB, RSV (A and B
subtypes), PIV (types 1, 2, 3, and 4), RV, CoV (229E and
0C43), human metapneumovirus (MPV), adenovirus (AdV),
and bocavirus (BoV) using standard methods as described
elsewhere.”'” As not all the samples were tested for subtypes
of IFVA such as sHIN1, sH3N2, and pHIN1, here we did not

evaluate by subtype. Qualitative and semiquantitative cultures
for bacteria were performed immediately using standard micro-
biological methods.!""'* Macroscopically distinct colonies of
the samples were isolated in pure culture, and standard methods
were used for identification, typing with sensitivity patterns.

Codetection was defined as a positive detection of >1
microbe from the sample, and it was used instead of coinfection
since coinfection means all the detected microbes must con-
tribute to the pathogenic effect, whereas codetection may not
indicate the necessary causative role.

Statistical Analysis

Detection and codetection frequencies of each pathogen in
children were compared, and the difference of the clinical
symptoms of various viral/bacterial infections was tested by
Pearson’s x” test, Fisher’s exact test for dichotomous variables,
or Kruskal-Wallis test (a nonparametric test that does not
assume a normal distribution of the residuals) for continuous
variables. To investigate the association of clinical symptoms,
outcomes, and severity with different mono or codetection
patterns, logistic regression was used for estimation of the odds
ratio (OR) adjusting for age and sex. Statistical analyses were
conducted in R software (R Foundation for Statistical Comput-
ing, Vienna, Austria).

RESULTS

Detections and Codetections

In the study period, 3181 (77.0%) of the 4130 eligible
patients were enrolled in our study. Among those enrolled
hospitalized children, there were 2375 (74.7%) cases detected
with >1 virus and 707 (22.2%) detected with >1 bacteria; 901
(28.3%) children detected with >2 viruses; 57 (1.8%) detected
with >2 bacteria; whereas 542 (17.0%) were codetected with
both virus and bacteria. Detection of viruses was more common
among children aged <4 compared with those >4 years of age,
especially, highest (76.7%) among those aged <1 (Table 1).
However, the detection rate of bacteria was highest among those
aged 1 to 4 years, then less among age group 0—1 and 4—6 years,
and least among the older children aged >6. Virus and bacteria
codetections were highest in the age group 1—-4 years of age.

TABLE 1. Pathogen Detection Rate by Sex, Age Group, and Year

Virus (%) Bacteria (%) Virus and Bacteria (%) Negative (%)
N=2375 N=707 N =542 N=491
Age, y 0-1 1440 (76.7) 398 (26.6) 318 (20.3) 286 (19.1)
1-4 744 (76.3) 259 (33.3) 192 (23.4) 122 (15.7)
4-6 92 (61.3) 27 (23.7) 15 (11.9) 34 (29.8)
6-16 99 (55.6) 23 (18.1) 17 (11.3) 49 (38.6)
P value 0.00 0.00 0.00 0.00
Sex Female 769 (71.7) 217 (25.9) 159 (17.7) 186 (22.2)
Male 1606 (76.1) 490 (29.3) 383 (21.7) 305 (18.2)
P value 0.01 0.08 0.02 0.02
Year 2009 242 (74.5) 49 (27.1) 38 (16.8) 27 (14.9)
2010 726 (77.9) 185 (28.8) 147 (20.9) 106 (16.5)
2011 733 (76.7) 238 (31.0) 188 (23.5) 141 (18.4)
2012 413 (71.6) 138 (24.8) 101 (18.1) 126 (22.7)
2013 261 (66.8) 97 (26.4) 68 (18.0) 91 (24.7)
P value 0.00 0.14 0.04 0.00
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FIGURE 1. Codetection number and patterns between pathogens. AdV = adenovirus, ARl = acute respiratory infection, BoV = bocavirus,
CoV = coronavirus, H.i = Haemophilus influenzae, H.pi = Haemophilus parainfluenzae, IFVA = influenza A virus, IFVB = influenza B virus,
K.pn = Klebsiella pneumoniae, MPV = metapneumovirus, PIV = parainfluenza virus, RSV = respiratory syncytial virus, RV = rhinovirus,

S.pn = Streptococcus pneumoniae.

Notably, there were 38.6% of the cases aged 6 to 16 who had
negative detections for the pathogen of interest. Males had more
frequent detections of viruses, bacteria, and codetection of both
than females, and with less negative detections. Generally,
detection rates of the viruses of interest across each year in
this study (from June 2009 to October 2013) were significantly
different, lower in 2013 than among the other years. However,
the bacteria detection rates and virus and bacteria codetection
rates were not significantly different over the years.

Generally, RSV (35.0%), PIV (24.9%), IFVA (14.9%), and
BoV (12.3%) were more frequently detected among the 2375
case with virus detections; S pneumoniae (14.4%) was the most
frequently detected bacteria among the 603 bacteria detections
(Figure 1). For codetections between bacteria, H parainfluenzae
had higher percentage (17.8%) of codetection with other bac-
teria. For codetection among different viruses, most of them had
high percentage as codetected with other viruses, varying from
46.8% to 75.4%; BoV, IFVB, CoV, and MPV had higher
percentages than the other virus. However, referring to codetec-
tions of both virus and bacteria, all the four kinds of bacteria-
detected cases had high percentage of codetections with virus
(74.4% to 78.0%); the samples detected with viruses have low
proportion of codetection with bacteria, which varied from
21.6% for IFVA to 39.8% for MPV.

In total, 22.8% of the children with virus detections were
codetected with bacteria, and the most frequently codetected
were S pneumoniae; and 76.7% of those with bacteria detections
were codetected with virus, among which the noninfluenza
virus were more frequent than influenza, specifically, with
RSV (35.4%) and PIV (25%) more frequently codetected
(Supplemental Figure, http://links.lww.com/MD/A248).

The heatmap in Figure 1 indicates the specific pattern of
virus and bacteria codetection pairs. Among codetection within
bacteria, S pneumoniae was more often codetected with H
influenzae and H parainfluenzae, whereas there were very

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

few codetections between others. For virus codetection,
RSV, PIV, INFA, BoV, and RV were more frequently code-
tected with each other, especially, RSV and PIV. For virus and
bacteria codetection, we found that S pneumoniae and H para-
influenzae were more frequently codetected with RSV, PIV,
IFVA, and BoV.

Clinical Characteristics

Generally, there were no significant differences in clinical
characteristics between patients with the virus and bacteria
detections (data not shown). Among those detections with
bacteria, most clinical characteristics were similar between
different pathogen detection except for fever, cough, and mean
age, which differed significantly (Supplemental Table 1-a,
http:/links.Iww.com/MD/A248) (P <0.05). S pneumoniae-
detected cases had higher proportion of fever and older mean
age than other viruses, whereas H influenzae and S pneumoniae-
detected cases reported higher proportion of cough. For virus-
detected cases, the clinical characteristics were quite different
among different viruses (Supplemental Table 1-b, http:/
links.lww.com/MD/A248) (P < 0.05). AdV, IFVA, and IFVB
had higher proportion of fever and greater mean age; RSV, PIV,
and BoV-detected cases have higher proportion of cough than
the others. IFVB and RSV had higher proportion of sputum;
AdV, IFVB, RV, and RSV showed higher proportion of dys-
pnea; and PIV and RSV-detected cases had more presentation of
diarrhea. When the clinical characteristics were compared by
age groups, most of the differences were significant among
younger age groups and fewer were significant for the older
children aged >6 years (data not shown).

To assess the influence of virus and bacteria detection
patterns (mono or codetection) on the clinical characteristics,
we compared the clinical characteristics among the different
detection patterns (Supplemental Table 2, http://links.lww.com/
MD/A248). There were significant difference for fever, cough
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TABLE 2. Clinical Characteristics Comparison Among Different Mono and Codetections

Characteristics Virus Co/Mono Bacteria Co/Mono Virus and Bacteria Co/Mono
(95% CI) 95% CI) 95% CI)
Age 1-3y 1.0 (0.8, 1.2) 0.7 (0.3, 1.4) 1.1 (0.9, 1.4)
Age4-Sy 0.9 (0.5, 1.5) 0.3 (0.1, 1.6) 0.6 (0.3, 1.1)
Age 6+ y 0.6 (0.4, 1.0) 1.9 (0.5, 7.5) 0.8 (0.4, 1.3)
Male 1.0 (0.9, 1.3) 1.3 (0.6, 2.6) 1.2 (1.0, 1.5)
Fever 1.2 (1.0, 1.5) 22 (1.1, 4.4) 1.4 (1.1, 1.7)
Cough 1.7 (1.0, 2.8) 0.3 (0.1, 1.7) 2.1 (1.1, 4.1)
Nasal discharge 1.0 (0.8, 1.4) 0.8 (0.3, 2.2) 0.9 (0.6, 1.1)
Sputum 1.0 (0.8, 1.3) 1.9 (0.8, 4.4) 1.3 (1.0, 1.7)
Dyspnea 0.7 (0.6, 0.9) 1.4 (0.6, 3.4) 1.0 (0.8, 1.3)
Diarrhea 1.1 (0.9, 1.4) 1.3 (0.6, 2.8) 1.0 (0.8, 1.3)

CI = confidence interval, Co/Mono = codetection vs monodetection.

mean age (P <0.05), and diarrthea (P <0.1). Those cases
detected with >2 bacteria had highest proportion of fever.
Bacteria and virus codetected more frequently presented with
cough. Cases codetected with >2 viruses or both virus and
bacteria had a higher proportion presenting with diarrhea. The
mean age was higher among cases with >2 bacteria. By further
regressing the detection results against those clinical charac-
teristic with age and sex adjusted in the logistic regression, we
found that all cases with codetection of >2 virus (OR, 1.2; CI,
1.0—1.5), >2 bacteria (OR, 2.2; CI, 1.1-4.5), and virus and
bacteria (OR, 1.4; CI, 1.1-1.7) were significantly more likely to
present fever than those with monodetection (Table 2). Those
with >2 virus codetection were 1.7 times more likely to have
cough than monovirus-detected cases (OR, 1.7; CI, 1.0-2.8).

K.pn
H.i
H.pi
S.pn
IFVB
CoV
MPV
AdV
RV
BoV
IFVA
PIV
RSV

Furthermore, those with both virus and bacteria detections were
also more likely to present with cough (OR, 2.1; CI, 1.1-4.1)
and sputum (OR, 1.3; CI, 1.0—1.7) than those with only 1 virus
or bacteria (Supplemental Table 3, http:/links.lww.com/MD/
A248).

Clinical Outcomes and Severity

Among all those children with different pathogen detec-
tions, 82.8% to 95.3% had pneumonia, 8.6% to 28.8% had
severe pneumonia based on the definition mentioned above, and
<5% were transferred to the intensive care unit (ICU)
(Figure 2). Specifically, cases detected with CoV and K pneu-
moniae had higher rate (95.3% and 94.6%) of pneumonia

o Icu
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o —
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FIGURE 2. Clinical outcomes of the Acute Respiratory Infections cases by each pathogen. AdV = adenovirus, ARl = acute respiratory
infection, BoV = bocavirus, CoV = coronavirus, H.i = Haemophilus influenzae, H.pi = Haemophilus parainfluenzae, ICU = intensive care
unit, IFVA = influenza Avirus, IFVB = influenza B virus, K.pn = Klebsiella pneumoniae, MPV = metapneumovirus, PIV = parainfluenza virus,
RSV = respiratory syncytial virus, RV = rhinovirus, S.pn = Streptococcus pneumoniae.

4 | www.md-journal.com

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.


http://links.lww.com/MD/A248
http://links.lww.com/MD/A248

Medicine ¢ Volume 94, Number 16, April 2015

ARIs in Hospitalized Children

among all pathogens detections. Those with detections of AdV
and K pneumoniae had higher risk (28.8% and 28.0%) of severe
pneumonia than others, whereas IFVB and K pneumoniae-
detected cases had a higher risk (4.7% and 3.2%) of being
transferred to the ICU. To further investigate the impact of
codetection on the clinical outcomes as compared with the
single detection, we applied logistic regression to estimate the
OR with adjustment for age. Generally, the risk of developing
pneumonia, severe pneumonia, and transfer to the ICU were not
significantly different between those cases with codetections
and single detection of either virus or bacteria (data not shown).

DISCUSSION

In this study, by performing prolonged and systematic
surveillance, we obtained a complete spectrum of viral and
bacterial etiological agents among hospitalized children with
ARIs. High codetection rate of respiratory microbial among
those hospitalized pediatric ARI cases were demonstrated.
Epidemiological and clinical features from single and mixed
detections were described. Fever was found to be a significant
predictor for codetection, whereas cases with codetection
showed no significant increased severity of outcomes than
monodetection in this study.

This is the first study to investigate the detection and
codetection pattern based on large sample size in China. The
overall positive detection for any respiratory virus was 74.7%,
and 22.2% for bacteria, with S pneumoniae most commonly
detected in bacteria, and RSV, PIV, IFVA, and BoV among
viruses, which was comparable to some other etiological studies
within children or whole populations.'> '® § pneumoniae was
more often codetected with H parainfluenzae and H influenzae,
and previous literature has reported the interaction between
these common bacteria and suggested the mechanism like
synergism or competition.!”'® Margolis et al'® reported an
increase of H influenzae when either S pneumoniae or Staphy-
lococcus aureus was present, indicating synergism between
these bacterial species. Previous experiments by Lysenko
et al’® observed competition between S pneumoniae and H
influenzae in a mouse model of colonization. For H parain-
fluenzae, it is often been seen as an upper respiratory tract
contaminant with other pathogens, with potential pathogenic
role in lower respiratory tract in patients with severely impaired
host defense.?’ In this study, it had a high chance of being
codetected with other bacteria (17.8) and viruses (74.8%),
which may account for the high pneumonia rate in those
detections with H parainfluenzae.

For codetection within viruses, IFVA/B, CoV, BoV, MPV,
and RV were more often codetected with other viruses. Some
other studies indicated that viruses more frequently involving
dual infection were RSV, INF, PIV, AdV, CoV, and RV.??> The
mixed respiratory virus detection pattern varies widely in
studies, with various of combinations like RSV and IFV,
RSV and PIV, IFVA and IFVB, IFVA and AdV, RSV and
RV, PIV and RV, MPV and RSV, and others.?>" % Although
codetection may not always result in interactions for all virus
species, virus—virus interaction is quite common and have 3
potential categories (genetic, host environment, and immuno-
logical mechanisms), which is critical for understanding of viral
etiology and pathogenesis.?®

The pathogens more frequently involving mixed detection
of'both virus and bacteria were S pneumoniae, RSV, PIV, IFVA,
BoV, and RV. There were lots of studies that found that IFVA
and RSV infections result in a predisposition to S prneumoniae,

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

and H influenzae, which accounted for a substantial burden of
morbidity and mortality.”” > Some of the literature which
reported codetection of RSV and S pneumoniae indicated that
the underlying mechanism was RSV infection that could
enhance adherence of S pneumoniae to human epithelial
cells.>®3! In addition, IFVA and S pneumoniae codetection
was also frequently reported, with S pneumoniae playing a role
as complication during the previous influenza pandemics and
contribute substantially to morbidity and mortality.** >* Other
studies have reported the concomitant presence of S pneumo-
niae with other respiratory viruses, such as RV, MPV, and
ADV, with similar interaction.**® The mechanism by which
viruses affect bacterial colonization and invasion is quite
diverse in the previous literature, as it is multidimensional
and involves a complex interplay among various hosts and
pathogens.'®

The large sample size allows us to perform the multivariate
analysis, thus to acquire epidemiological and clinical features of
the viruses/bacteria codetection. We found that the virus detec-
tion rate was higher among children aged <4, especially, those
aged <1, which is consistent with some other studies on
different population.'*?**° However, bacteria detection and
codetection of virus and bacteria were highest among those
aged 1 to 4 years, whereas another study found that the mixed
virus—bacterial infection was most common in children aged
<2 years.*” Our data also indicated that males had higher
detection and codetection rate of virus and bacteria than
females, and this sex difference was similarly reported in the
previous literature.*>*' The sex difference might be due to the
effect of health-seeking behaviors or sex-specific risk for
respiratory infection, which needs further study.

Our study found that the fever and cough were 2 main
significant predictors for virus codetection; fever alone was a
significant predictor for bacteria codetection; fever, cough, and
sputum were significantly more frequent in virus and bacteria
codetected cases than monodetected. This finding is partially in
line with some other studies even with different population.***
This could be helpful for differentiating mono and codetection
by preliminary symptoms, which could be useful for early
treatment.

Regarding the clinical severity and impact of respiratory
microbial codetections, the literature showed conflicting
results. Our study found that there was no significant higher
risk of pneumonia, severe pneumonia, and ICU admission for
all codetections compared with monodetections based on the
logistic regression adjusted for age and sex. However, some
other studies revealed that some codetection did increase the
severity of the respiratory illnesses, such as higher risk of sever
pneumonia, longer hospital stays, and higher ICU admission.**~
47 Some historical influenza pandemics had bacterial super-
infections with increased mortality, most of which involving
secondary pneumococcal pneumonia.***® Another study indi-
cated the viral—bacterial coinfection, especially, S pneumoniae
may cause most severe human MPV infection processing to
pneumonia.*®> Some other studies found that the outcomes
including mortality that associated with bacterial—viral coin-
fection were not significantly different.*>>* Furthermore, there
were a few studies that found the opposite result, such as RSV
coinfections were inversely associated with hospitalization and
RV-coinfected patients had less-severe disease.’'>

Conflicting results may be due to several factors, such as
the study periods, target population, and environment factors.
What is more, the presence of pathogens tested by molecular
techniques or conventional culture may not confirm significant
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pathogenic role at that time. As viral—bacterial coinfection may
lead to failure of the antibiotic therapy, this poses a challenge to
efficient and effective treatments for those patients. Better
understanding the pattern of mixed infection and their inter-
action, and assessing the clinical severity will be helpful for
designing successful therapeutic strategies. Better and more
sensitive etiologic diagnostic tool for respiratory microbial
infection can reduce overuse of antibiotic in primary care.

There are some limitations of this study. First, the database
of this study included limited information on the disease out-
comes (eg, the death records), thus may underestimate the
severity and disease burden. Second, the use of antibiotics
might obscure the real association between these viral and
bacterial detections in this study. Third, for the sputum as
we had no information on the bacterial load of these positive
detected cases, quantitative comparison could not be imple-
mented in this study. Fourth, 79% of the cases had sputum
culture results, with 667 cases undetected for bacteria, which
may lead to underestimation of the bacterial burden. On the
other hand, sputum might be contaminated by upper airway
tract secretions, leading to overestimation. Last, the detection of
the pathogens does not mean that it is the cause of the illness,
thus it is difficult to determine the real cause of the
patients’ illness.

We also acknowledge that these findings are based on
pediatric patients from a subtropical city, and may not be
generalized to other population or regions. As specific bacterial
diagnosis based on the traditional methods is difficult, advanced
bacteriological methods are needed in future. Further identifi-
cation of predictive clinical parameters combined with accurate
diagnosis is warrant for optimizing treatment including reason-
able use of antibiotics.
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