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Introduction: Healthcare-associated infections are an important cause of morbidity and
mortality, are among the most common adverse events in healthcare, and of them,
pneumonia is the most commonly reported. Our objective was to evaluate the incidence
and clinical outcome of respiratory viruses in hospital-acquired pneumonia (HAP).

Methods: This was a prospective cohort study, include patients aged between 0 and
18 who fulfiled Centers for Diseases Control and Prevention (CDC) criteria for HAP.
Demographic and clinical data were obtained, and a nasopharyngeal swab specimen
was taken for the detection of respiratory viruses. All included patients were monitored
until discharge to collect data on the need for mechanical ventilation, intensive care unit
(ICU) admission, and mortality. All-cause 30-day mortality was also ascertained.

Results: Four thousand three hundred twenty-seven patients were followed for
42,658 patient-days and 5,150 ventilator-days. Eighty-eight patients (2.03%) met the
CDC criteria for HAP, 63 patients were included, and clinical and epidemiological
characteristics showed no statistically significant differences between patients with
virus associated healthcare-associated pneumonia (VAHAP) and those with non-viral
healthcare-associated pneumonia (NVHAP). At least one respiratory virus was detected
in 65% [95% CI (53-77)] of episodes of HAP, with a single viral pathogen observed in
53.9% and coinfection with 2 viruses in 11.1% of cases. The outcome in terms of ICU
admission, mechanical ventilation and the 30-day mortality did not show a significant
difference between groups.

Conclusions: In two-thirds of the patients a respiratory virus was identified. There
was no difference in mortality or the rest of the clinical outcome variables. About
half of the patients required mechanical ventilation and 10% died, which emphasizes
the importance of considering these pathogens in nosocomial infections, since their
identification can influence the decrease in hospital costs and be taken into account
in infection control policies.

Keywords: hospital-acquired pneumonia, viral pneumonia, respiratory viruses, nosocomial infections, healthcare-
associated infections
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INTRODUCTION

Healthcare-associated infections are the most common adverse
events in hospitals, responsible for substantial morbidity,
mortality and costs (1, 2). According to a point-prevalence survey
conducted in 199 hospitals in 2015, pneumonia was the most
frequent healthcare-associated infection in the United States, and
its prevalence has remained relatively stable in the last few years,
compared with the substantial reductions in other nosocomial
infections such as surgical site and urinary tract infections
(3). Among healthcare-associated infections, pneumonia is the
leading cause of death (4).

Studies in pediatric hospitals have described a prevalence of
healthcare-associated infections between 6 and 16%, with HAP
responsible for 13-18% of the total infections (5-7). Patients with
HAP have an increased morbidity and mortality, especially in the
case of ventilator-associated pneumonia, which is associated with
a longer duration of mechanical ventilation and hospital stay,
an excess crude mortality of 20-30% and an increase in hospital
costs by more than USD $ 40,000 per case (8-12).

In recent years there has been an increase in the recognition
of respiratory viruses as causative agents of HAP, first in
outbreak reports and later in prevalence studies (13-19), the
latter being made possible thanks to the implementation of
Multiplex polymerase chain reaction (PCR), which can detect up
to 17 respiratory viruses, with a high sensitivity and diagnostic
specificity (20).

In adults, respiratory viruses have been reported in 22% of
cases of HAP (21). The importance of respiratory viruses as a
cause of pneumonia in hospitalized children has been highlighted
by some retrospective studies and outbreak reports (13-19).
However, information about the frequency and outcome of
viral HAP in pediatric population is scarce, and its incidence
and evolution using PCR technology has not been described in
prospective studies.

The objective of this study was to describe the incidence
of HAP of viral etiology in pediatric patients, and to compare
its clinical characteristics and outcomes to those of patients
with NVHAP.

METHODS

This was a prospective study conducted from October 15, 2016
to May 14, 2017 at the Federico Gémez Children’s Hospital of
Mexico, a tertiary referral hospital in Mexico City providing
care to the uninsured population. It has 349 beds, 2 ICUs, one
neonatal ICU and registers more than 7,000 hospitalizations
per year.

Hospital-wide active surveillance was carried out by
specialized nurses to identify and include patients from 0 to 18
years of age who fulfilled CDC criteria for HAP associated with
or without ventilators (22). Those who were detected more than

Abbreviations: HAP, Hospital-acquired pneumonia; ICU, Intensive care unit;
VAHAP, Virus associated hospital-acquired pneumonia; NVHAP, Non-viral
hospital-acquired pneumonia; RT-PCR, Reverse transcription polymerase chain
reaction; CDC, Centers for Diseases Control and prevention; CRP, C-reactive
protein; RSV-A, respiratory syncytial virus type A; RSV-B, respiratory syncytial
virus type and B.

5 days past the date of clinical onset were excluded from the
study. After informed consent, demographic and clinical data
were obtained, and a nasopharyngeal swab specimen was taken
for the detection of respiratory viruses. Treating physicians were
notified about the results.

As part of the hospital protocol, blood culture and, for
those under mechanical ventilation, tracheal aspirate is taken in
patients suspicious of HAP. Nevertheless, the final decision to
order these or other tests, such as C-reactive protein (CRP) or
procalcitonin was made by the attending physician.

All patients included were monitored until discharge to collect
data on the need for mechanical ventilation, ICU admission, and
mortality. All-cause 30-day mortality was also ascertained.

The study protocol was approved by the ethical committee of
Federico Gomez Children’s Hospital of Mexico with registration
number HIM 2016-082.

Virus Detection

The samples were processed using an RT-PCR system with
microarray visualization (CLART® PneumoVir, Genomica,
Spain) capable of detecting adenovirus, bocavirus, coronavirus,
rhinovirus/enterovirus, influenza virus A (subtypes AH3N2,
AHIN1), influenza virus B, metapneumovirus (subtypes A and
B), parainfluenza virus 1, 2, 3, and 4 (subtypes A and B) and
respiratory syncytial virus type A (RSV-A) and B (RSV-B), with
a sensitivity of 83.3-100% depending on the virus. Patients
were divided into two groups according to the results of the
nasopharyngeal sample. Those patients in whom at least one
respiratory virus was detected were included in the VAHAP
group. Patients in whom no respiratory virus was detected were
included in the NVHAP group.

Statistical Analysis

Version 22 of the SPSS package was used. Quantitative variables
were expressed as measures of central tendency and dispersion.
The Kolmogorov-Smirnov normality test was performed to
determine if the variables were normally distributed. The chi-
squared test or Fisher’s exact test were used for comparison of
categorical variables and Mann-Whitney U test for quantitative
data. The p < 0.05 was considered statistically significant. As
a measure of the frequency of the disease, the incidence rate
of VAHAP was estimated, with a 95% CI. We used logistic
regression to estimate the risk of adverse outcomes such as
ICU admission, mechanical ventilation and 30-day mortality. We
also developed a Kaplan Meier analysis to address the 30-day
mortality in both groups.

RESULTS

During the study period, 4,327 patients were followed for 42,658
patient-days and 5,150 ventilator-days. Eighty-eight patients
(2.03%) met the CDC criteria for HAP, for an incidence rate of
2.06/1,000 patient days [95% C. I. (1.65-2.54)], of which 9 were
Ventilator associated-pneumonia, or 1.74/1,000 ventilator days.
Three patients died before the procurement of nasopharyngeal
samples, 10 patients did not provide consent, and for 12 patients
it was not possible to obtain the nasopharyngeal sample within
5 days from the onset of clinical symptoms (Figure 1); therefore
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| 4327 patients assessed for eligibility |

| 88 patients met the criteria for HAP |

3 died before
being included in
the study
10 did not agree to
participate
12 the swab was
not obtained
before 5 days

63 patients included

Virus .
. Non viral
associated
HAP
HAP 22 patients
41 patients

FIGURE 1 | Flowchart of included patients from the surveillance.

63 patients were included and data on 1,810 patient-days were
collected. Baseline epidemiological and clinical characteristics
did not differ between included and excluded subjects (Table 1).

Of the included patients, 55.6% were males and the median
age was 25 months old (IQR 6-103). None of the included
patients referred influenza vaccination in the previous or present
season. The most frequent diagnoses were malignant neoplasms
(30%), congenital heart disease (28%) and malformations of the
genitourinary tract (11%). Twelve cases of HAP (19%) were
acquired in the ICU.

At least one respiratory virus was detected in 65% [95%
CI (53-77)] of HAP episodes, with a single viral pathogen
observed in 53.9% and coinfection with two viruses in 11.1%
of cases. The most frequently identified viruses were RSV and
parainfluenza which represented 25% of the cases each, followed
by influenza B and AHINI1 (17%), rhinovirus (13%), bocavirus
(8%), adenovirus (6%), human metapneumovirus (4%), and
enterovirus (2%) (Figure 2).

Patients with VAHAP were slightly younger [median age 21
(IQR 6-90) vs. 37 (IQR 5-126) months], had been hospitalized
for a shorter period of time [median length of stay 14 (IQR 5-27)
vs. 30 (IQR 13-81) days] and were more likely to have leukopenia
(16.8 vs. 4.8%) than those with NVHAP. However, the strength
of evidence for these differences was low (p > 0.05). Otherwise,
epidemiological and clinical characteristics were similar between
the two groups (Tables 2, 3).

The median length of antibiotic prescription, although lower
in the VAHAP group, did not show a significant difference
between the two groups (Table 2).

Blood cultures were taken from 60 patients (95%), obtaining
a total of 120 cultures. Tracheal aspirate cultures were obtained
from 22 out of 33 patients with tracheal intubation (66%).

TABLE 1 | Basal Characteristics of patients with hospital acquired pneumonia.

Variable Excluded Included P
N =25 N =63

Age in months* 18 (5-80) 25 (6-103) 12

Age ** 0.89P

< 28 days 3(12) 7(11)

> 28 daysto <1vyo 6 (24) 20 (31)

1to4vyo 9 (36) 18 (29)

5to 14 yo 5 (20) 15 (23)

15 yo 2(8) 3(5)

Congenital heart 4(16) 18 (28) 0.21¢

disease™

Other congenital birth 4 (16) 5(8) 0.2b

defects™

Malignant neoplasia*™ 10 (40) 19 (30) 0.37¢

Genitourinary tract 0 7 (1) 0.18°

disease

Chronic respiratory 3(12) 4 (6) 0.40°

illness

Other comorbidities*™* 4 (16) 11(18) 1P

Care service 0.60°

(el 6 (24) 12(19)

Hospital ward 19 (76) 51 (81)

Days of hospitalization 18 (10-30) 19 (8-36) 12

prior to infection*

*Median and IQR. **Frequencies and percentages.

aMann-Whitney U test was performed to determine the difference between groups.
bExact Fisher test was performed to determine the difference between groups.
CPearson’s chi-squared test was performed to determine the difference between groups.

Twelve patients (19%) had either a positive blood or tracheal
aspirate culture (Table 3). There was no difference between
the number of blood cultures or tracheal aspirates taken in
the NVHAP group and the VAHAP group, (p > 0.2). Eight
different bacterial pathogens were isolated from the patients,
which were in order of frequency Staphylococcus epidermidis
(N = 2), Pseudomonas aeruginosa (N = 2), Escherichia coli (N
= 2), Klebsiella pneumoniae (N = 2), Staphylococcus aureus
(N = 1), Stenotrophomonas maltophilia (N = 1), Enterobacter
cloacae(N = 1), and Acinetobacter baumanii (N = 1).As CRP
or procalcitonin were obtained in only 8 patients, these were not
included in the analysis.

With regards to outcome (Table 4), two thirds of patients
in the NVHAP and almost half in the VAHAP group required
mechanical ventilation (66.7 vs. 46.2%, RR 0.69, 95% CI 0.43-
1.37). Although deaths occurred slightly earlier in the NVHAP
group, the 30-day mortality rate did not show a significant
difference between groups (Figure 3), nor did the risk for death
differ between groups in the univariate or multivariate analysis
(RR 1.07, 95% CI 0.29-5.40).

DISCUSSION

This is the first prospective study that evaluates the incidence
of nosocomial pneumonia of viral etiology in a pediatric
setting. Importantly, at least one respiratory virus was identified
in almost two thirds of patients with HAP, with a morbid
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Number of isolates

o N B O

FIGURE 2 | Frequency of identified respiratory viruses. The distribution of
subtypes of VSR and parainfluenza virus was: RSV A 21.9%, RSV B 7.3%;
Parainfluenza type 1 2.4%, type 3 19.5% ant type 4 7.3%.

outcome. Additionally, we did not find any significant difference
in the clinical presentation and outcome when comparing
VAHAP and NVHAP, with non-influenza respiratory viruses
being predominant.

According to our results, 65% of children with HAP were
positive for a respiratory virus in nasopharyngeal specimens. The
importance of respiratory viruses in children with respiratory
infections was discussed first by Wenzel in 1977 (23) and
in nosocomial pneumonia in 1980 by Valenti et al. In this
retrospective study, at least one respiratory virus was identified
in 20% of pediatric patients with nosocomial pneumonia (24).
Recently, a retrospective analysis carried out in a single center
in Washington identified at least one respiratory virus in 22%
of adults with non-ventilated HAP (21). The higher frequency
of respiratory viruses found in our study could be due to the
systematic active surveillance of nosocomial pneumonia and,
compared with the study by Valenti et al., to the availability of
molecular methods that increased the sensitivity for the detection
of respiratory viruses in our study.

We did not identify any epidemiologic or clinical
characteristics that could reliably distinguish pediatric patients
with a respiratory virus infection among those with HAP.
However, this might be explained by the low case numbers in
our population and should be further explored in larger studies.

The median length of stay at the time of onset of pneumonia
was shorter in patients with VAHAP than among those with
NVHAP, but there was a wide overlap in the distribution of
the variable.

The high incidence of morbidity outcomes (admission to
intensive care, mechanical ventilation) and death in both groups
suggests that, regardless of the participation of respiratory
viruses, the outcome of HAP in this population is adverse. Two
deaths were attributable to HAP according to the attending
physician. Of those two cases, adenovirus was detected in one of
them and the other died with methicillin-resistant Staphylococcus
aureus septicemia 15 days after the diagnosis of influenza. Due

TABLE 2 | Characteristics of the population with VAHAP and NVHAP.

Variable NVHAP VAHAP P
N =22 N=41
Age in months* 37 (5-126) 21 (6-90) 0.792
Gender™ 0.67
Female 9 (41) 19 (46.3)
Male 13 (59) 22 (53.7)
Nutritional status** 0.25°
No risk 8 (36.4) 24 (58.5)
Overweight 1(4.5) 1(2.4)
Obesity 1(4.5) 4(9.8)
Malnourished 5(22.7) 3(7.3)
Severely 7(31.8) 9(22.0)
malnourished
Length of hospital stay 30 (13-81) 14 (6-27) 0.842
(days)*
Malignant neoplasia** 5(22.7) 13(31.7) 0.45°
Congenital heart 8 (36.4) 10 (24.4) 0.31¢
disease**
Other congenital 4(18.2) 2(4.9) 0.17°
diseases™
Genitourinary tract 3(13.6) 4(9.8) 0.68°
disease
Chronic respiratory 1(4.5) 3(7.3) 1P
illness
Other comorbidities™ 2(9.5) 9 (22.0) 0.30°
VAP** 4(18.2) 2 (4.9 0.17°
Days of antibiotic 10 (7-15.5) 9.5 (7-12.5) 0.452

therapy”

*Median and IQR. **Frequencies and percentages.

aMann-Whitney U test was performed to determine the difference between groups.
bExact Fisher test was performed to determine the difference between groups.
®Pearson’s chi-squared test was performed to determine the difference between groups.

to the well-known association of Staphylococcus aureus infection
with a previous episode of influenza (25), we can assume that
respiratory viruses also contributed to the death of this patient.

One-third of patients with VAHAP in our study required
admission to the ICU. Choi in 2012 (26) reported that more
than a third of adults (34%) with HAP that required admission
to intensive therapy presented at least one type of respiratory
virus. In the previously mentioned study in adults with non-
ventilated HAP in Washington, Shorr et al. (21) reported that the
outcomes were similar between patients with viral and bacterial
pneumonia. Almost half of the patients with VAHAP in our study
required mechanical ventilation, which points to the severity
of nosocomial pneumonia associated with respiratory viruses.
However, our study was not powered to find differences in
outcomes between groups.

Finally, respiratory viruses other than influenza comprised
80% of cases of VAHAP and one half of all cases of nosocomial
pneumonia. This coincides with the findings of previous studies,
in which the main viruses identified in patients with HAP
were rhinovirus, respiratory syncytial virus, parainfluenza and
coronavirus (21, 23, 27-29). This highlights the relevance
of infection control measures in preventing the spread of
respiratory viruses from patients, caregivers and healthcare
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TABLE 3 | Clinical data of infection.

Variable NVHAP VAHAP P
N=22 N =41
Maximum body 38.4 (37.9-38.8) 38.4 (38-38.9) 0.8172
temperature, °C*
Fever** 15 (68.2%) 32 (78.0%) 0.33¢
Tachypnea** 17 (81.0%) 27 (61.4%) 0.21°
0, % Sat 88 (81-93 88 (79-93) 0.672
0, Sat <94% 18 (81.8%) 37 (90.2%) 0.43°
Leukocytosis*™* 5 (23%) 11 (26%) 0.35¢
Leukopenia™* 1(4.8%) 7 (16.8%)
Leukocytes/mm3” 13,450 8,800 0.752
(7,375-17,450) (4,750-17,500)
Neutrophils %" 67 (52-78) 66 (39-78) 0.742
Bands %" 3(1-9) 1(0-9) 0.192
Lymphocytes %" 22 (12-34) 19 (10-36) 0.482
Monocytes %* 5 (3-8) 5(3-9) 0.522
Platelets/mm?3” 164,000 231,000 0.882
(127,250- (140,500-
333,000) 362,000)
Positive cultures** 7 (8.7%) 8 (8.9%) 0.292
Blood cultures** 3 (4.6%) 8 (6.9%) 0.71b
Positive tracheal 4 (26.6%) 4 (21.05%) 0.42°

aspirate culture**

“Median and IQR. **Frequencies and percentages. *** <4,000 leukocytes/mmq.
aMann-Whitney U test was performed to determine the difference between groups.
bExact Fisher test was performed to determine the difference between groups.
CPearson’s chi-squared test was performed to determine the difference between groups.

TABLE 4 | Outcome of patients with VAHAP and NVHAP.

Variable NVHAP VAHAP P RR Cl

N =22 N=41
Mechanical ventilation 12 (66.7) 18 (46.2) 0.14% 0.69 0.43-1.37
ICU admission 3(21.4) 13@37.1) 033° 173 0.58-5.16
30-day mortality 2(9.1) 4(9.8) 12 1.07  0.29-5.40

Data are presented as frequencies and percentages.
aPearson’s chi-squared test was performed to determine the difference between groups.
bExact Fisher test was performed to determine the difference between groups.

personnel, focusing not only on individuals with influenza-like
illness, but also those with common colds or other respiratory
symptoms. It also highlights the importance of developing
effective vaccines and drug therapies for respiratory viruses other
than influenza, given the current scarcity of preventive and
therapeutic interventions. Despite the lack of specific treatment
for most cases of VAHAP, routine identification of respiratory
viruses in these patients could be useful to support a decision
of withholding or stopping antibiotics in certain cases with
no evidence of bacterial infection, potentially reducing adverse
effects, costs and drug resistance.

The present study presents certain limitations. Only 71%
of patients with HAP were included in the study. However,
when comparing the baseline characteristics of these subjects
with those who were not included, no statistically significant
differences were observed (Tablel), which supports the

1.0 —‘—\_\—‘—‘
08
Z
06
o)
9]
—
Q.
04
2
2
A 02
0.0
0 5 10 15 20 25 30
Days -~ NVHAP

Log-Rank test 0.932 -~\VAHAP

FIGURE 3 | Survival of included patients with VAHAP and NVHAP.

representativeness of the sample. On the other hand, tests such
as broncho alveolar lavage, or broncho alveolar brushing, which
could increase the sensitivity to bacteria, are scarcely performed
because they are considered invasive and not essential for
patient care. Although difficult to overcome, this could be an
important limitation because we were not able to assure that the
infection was solely due to a viral etiology. In addition, we did
not interfere in the management of the patients and, therefore,
the frequency of these tests and others, such as PCT or CRP,
was not altered during the study. More studies with the routine
use of PCT or other markers of bacterial infections are needed.
Another issue that should be clarified in further studies is the
clinical implications of each type of respiratory viruses since
some of them (i.e., influenza, SRV) are considered clinically
relevant more often than others, such as parainfluenza and some
types of rhinovirus, and our study was not powered to detect
such differences. Lastly the study was conducted in a tertiary
care hospital with a non-homogeneous sample of patients in
which two thirds of the participants had at least one known risk
factor for viral pneumonia, such as chronic lung disease (67%),
congenital heart disease (29%), and neoplasia (27%), so the
results obtained should be taken into account in this context and
not necessarily generalized to all pediatric patients with HAP.

In conclusion, we found a high prevalence of respiratory virus
infection among children with HAP, therefore it is necessary to
implement preventive measures to reduce the burden of these
agents and consider strategies to optimize antibiotic use in this
group of patients. The development of new vaccines or drugs
for prevention and treatment of respiratory viruses other than
influenza would potentially be of major benefit for children with
HAP. Larger studies in different hospital settings are needed to
better define the clinical spectrum of viral HAP.
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