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Abstract

Severe acute respiratory syndrome (SARI) is a compulsory notification disease. The new molecular biology-based diagnostic methodologies have

increased sensitivity for respiratory viruses (RVs) identification, evidencing their representativeness in SARI. Usually, they account for 22% of

community-acquired pneumonias in adults. However, the epidemiology and burden of these infections in adults with SARI remain unclear. This

study aimed to determine the clinical, epidemiological, risk factors and mortality rate of hospitalized adults with SARI, based on virus positivity. This

descriptive, cross-sectional study included patients with SARI aged over than 14 years who were hospitalized from 2010 to 2016. A total of 592 cases
were identified, of which 295 (49.8%) had samples collected. A total of 113 (38.4%) patients tested positive for RVs, and most of them were infected
with influenza viruses (30.1%). Death occurred in 27.5% vs. 17.7% (p=0.09) of patients in the negative and positive virus group, respectively. SARI is an

important condition in hospitalized adults, and is caused predominantly by influenza. It is associated with high mortality, independent of its etiology,

without significant difference among those infected by positive or negative viruses.
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1. Introduction

Lower respiratory tract infections are the leading cause of global
morbidity and mortality, accounting for 292 million cases and 2.7
million deaths in 2015 [1]. The incidence reaches to 24.8 cases/100,
000 adults and 164.3 cases/100, 000 elderly people over 80 years
old [2]. In Brazil, respiratory diseases are the fourth cause of death,
concentrating on the extremes of age and in population with low
socioeconomic status [3]. Community-acquired pneumonia (CAP)
are caused by respiratory viruses (RVs) in 22.4% of cases according
to a meta-analysis [4], which is the main etiologic agent in adults
hospitalized, as reported in a US population study [2]. Influenza
viruses (IFV) are among the major etiologies of CAP in adults, and
influenza A HIN1pdm has been associated with more severe cases [5].

RVs can occur through monoinfection or coinfection with other
viruses or bacteria [6] and may lead to severe forms [7, 8]. Some
clinical factors in CAP are mostly associated with viral infections such
as rhinorrhea and ground-glass opacity on computed tomography
[9], but clinical and radiological signs should not be used alone to
determine the etiology, due to the overlap of findings with other
etiological agents [10].

Multiplex PCR-based diagnostic methods have been used
to investigate cases of severe acute respiratory infection (SARI)
identified by influenza virus surveillance [11, 12]. This methodology
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allowed the identification of multiple viral pathogens. In addition, to
the benefit of epidemiological knowledge, the identification of virus
in a clinical sample makes it possible to diagnose the etiology, support
control measures to prevent transmission, and, together with clinical
and laboratory data, guide antibiotics stewardship [13].

The high potential for pathogenicity of FLUs, human
parainfluenza viruses (HPIVs), human adenovirus (HAdV), human
respiratory syncytial viruses (HRSVs), and human metapneumovirus
(HMPV) is well recognized [14]. Although there are difficulties in
interpreting the detection of other RVs such as human rhinovirus
(HRV), human bocavirus (HBoV), human enterovirus (HEV), and
human coronaviruses (HCoVs), although evidence showed that
they are associated with the development of lower respiratory tract
infections [15-17].

In this study, we evaluated the clinical and epidemiological
aspects of SARI in hospitalized adults identified during influenza
active surveillance, and compared the clinical findings and outcomes
based on virus positivity.

2. Materials and Methods

A cross-sectional study was performed to provide information on
the active surveillance of influenza in hospitalized patients. In Brazil,
notification of SARI is mandatory, and in the Hospital de Clinicas
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Complex, a tertiary academic hospital in southern Brazil, an active
surveillance is conducted to detect cases, notify and collect samples
to investigate RVs. Clinical, laboratory, Charlson comorbidity index,
and outcome data are updated in a specific form after discharge or
death. The Ethics Committee for Institutional Research approved this
study (#18714013.4.0000.0096).

To be included, eligible patients were identified in the influenza
active surveillance and older than 14 years. The following data were
evaluated: age, sex, race, comorbidities, Charlson comorbidity index
score, number of intensive care unit admissions, use of mechanical
ventilations, death, collection or non-collection of specimen to detect
the presence of a RV, antiviral use, time of symptom onset, period of
hospitalization, and initiation of antiviral therapy (when performed),
number of virus isolated, and identification of the virus isolated in case
of positivity. The distribution of positive cases was evaluated monthly,
as well severe cases and deaths. Severe disease was considered in case
of ICU hospitalization, mechanical ventilation, or death.

Viral laboratory investigation was carried out using a multiplex
PCR technology (Seeplex® RV15 ACE Detection Kit, Seegene Inc.,
Korea), which enables the simultaneous detection of 15 RVs: HAdVs;
HMPV; HPIVs types 1, 2, 3, and 4 (HPIV-1, HPIV-2, HPIV-3, and
HPIV-4); IFVA subtypes HIN1pdm and H3N2; IFV type B; HRSVs
types A and B (HRSVA and HRSVB); HRV types A, B, and C; HEV;
HBoV;and HCoV types 229E/NL63 (alpha coronaviruses) and OC43/
HKUI (beta coronaviruses). Clinical findings and outcome between
groups with positive and negative viruses were evaluated.

2.1. Statistical analysis

A statistical analysis was carried out using the program
XLSTAT version 2018.2.50494. Baseline demographic and clinical
characteristics with normal and non-normal distributions were
presented as means + standard deviation and medians with
interquartile ranges, respectively. Fisher’s exact test, independent
t-test, Wilcoxon-Mann-Whitney test, and U tests were used where
appropriate. Odds ratios (ORs) and 95% confidence intervals (CIs)
were calculated for the variables included. For the results in which
the observed frequencies were less than 5, no statistical analysis was
performed.. The level of significance was set at p<0.05. Time-to-event
analyses (discharge or death) were performed using the Kaplan-Meier
method.

3. Results

In the study period, a total of 1, 840 SARI cases were notified, of
which 592 (32%) were from patients over 14 years old. Of these, only
295 (49.8%) patients were evaluated to detect RV, and 113 (38.3%) of
these cases were positive (Figure 1).

Of the positive cases, influenza viruses were the most frequent
pathogen (34 cases, 30.1%), and IFVA HIN1pdm represented more
than half of IFVs samples (Fig 2B). HRV were present in 23.3%, HRSV
in 13.8%, HPIV in 13%, HCoV in 7.2%, HAdV in 7.2%, HEV in 6.5%
and HMPV in 4.3% of positive cases (Fig 2A). Monoinfection was
detected in 89 cases (78.8%), and viral coinfection with 2 and 3 viruses
were observed in 23 (20.4%) cases and 1 (0.9%) case, respectively.
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Patients whose samples were positive or negative for RVs had
their demographic, clinical, and laboratory findings compared. No
statistical difference was observed between both groups, except for
the duration of symptoms until hospital admission that was higher in
patients with negative results (p = 0.019). Mortality was also higher in
patients with negative test results (27.5% vs. 17.7%, p = 0.09), but with
no significant difference (Table 1).

Severe Acute Respiratory Syndrome
Surveillance (2010 to 2016)

Total cases notified
N= 1840

Patients > 14 anos
N =592 (32,2%)

Respiratory virus
investigation

No Yes
N=297 (50,2%) N=295 (49,8%)
I

[ ]
Negative Positive
N=182 (61,7%) N=113 (38,3%)

Figure 1. Flow chart of study design

No significant difference was observed between patients infected
with IFVs and those infected with other RVs (ORVs). Severe disease
was found in 70.9% and 77% (p = 0.93) of cases and the mortality rate
was 22.3% and 21% (p = 0.91), respectively. A Kaplan-Meier curve
comparing monoinfection by IFV and ORV cases did not show a
statistical difference (p = 0.91) (Fig 3).

Comparing the clinical and laboratory findings of fatal and
non-fatal cases, no significant differences were observed regarding
presence of comorbidities, Charlson score and X-ray findings, only the
identification of more than 1 virus were more common in non-fatal
cases (10.3 vs. 1.5%, p = 0.02), although no signification association to
a specific virus was observed (Table 2).

4, Discussion

Due to the importance of RVs in SARI, high morbidity and
mortality, and the capacity to cause outbreaks and pandemics,
clinical and epidemiological studies must be conducted to improve
RVs knowledge, mainly in developing countries [18]. As a result of
the high representativeness of RVs in pediatrics, few data are specific
for the adult population, especially in Brazil and Latin American
countries. In this study we showed a high prevalence of respiratory
viral infection among adult SARI patients.
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Figure 3. Kaplan-Meier curve comparing influenza vs. other respiratory virus infection
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Table 1. Demographic, clinical, and laboratory findings among positive and negative cases for respiratory viruses

Characteristics Total Positive virus Negative virus
N=295(%) N=113 (%) N=182(%) p-value
Age - median (IQR) 45.1 (30.8/60.3) 43.7 (29.2/61.3) 45.7 (33.1/59.6) 0.521
>14-<=18 19 (6.5) 7(62) 12 (6.6)
> 18-<=50 152 (51.6) 60 (53.1) 92 (50.6) NS
>50 124 (42.1) 46 (40.8) 78 (42.9)
Gender
female 135 (45.8) 57 (50.5) 78 (42.9) 0.229
IFV vaccine last season 60 (20.4) 27 (23.9) 33(18.2) 0.237
Signs/symptoms
Dyspnea 287 (97.3) 109 (96.5) 178 (97.9) 0.487
Desaturation (O,Sat <95%) 192 (80.7) 72(78.3) 120 (82.2) 0.709
respiratory discomfort 192 (85.4) 75 (86.3) 117 (84.8) 0.801
Comorbidities (yes) 228 (77.3) 93 (82.4) 135 (74.2) 0.117
Pneumopathy 93 (31.6) 40 (35.4) 53(29.2)
Cardiopathy 53 (18.1) 19 (16.9) 34 (18.8)
Immunodeficiency 106 (36.1) 47 (41.6) 59 (32.6) N
Other comorbidities 130 (44, 1) 47 (41.6) 83 (45.6)
Pregnant/puerperium 15(5.1) 9(8) 6(3.3) NS
Charlson comorbidity index score
0 89 (30.6) 27 (24.4) 62 (34.5)
1-2 105 (36.1) 49 (44.2) 56 (31.2)
NS
34 68 (23.4) 21 (19) 47 (26.2)
>=5 29 (10) 14 (12.7) 15 (8.4)
Duration of symptoms until hospital admission - days (IQR) 4(1.5/7) 3 (3/6) 4(2/7) 0.019
Pulmonary X-ray
Normal 30 (11.6) 14 (15.3) 16 (9.6)
Interstitial pattern 119 (46) 42 (45.7) 77 (46.2)
Consolidation 80 (30.9) 27 (29.4) 53 (31.8) NS
Mixed pattern 24(9.3) 12 (13.1) 12(7.2)
Other 22 (8.5) 7(71.7) 15(9)
Severe disease 196 (75, 7) 69 (75) 127 (76.1) 0,129
Mechanical ventilation 130 (44.3) 42 (37.5) 88 (48.4)
ICU 189 (64.3) 64 (57.2) 125 (68.7) NS
Death 70 (23.8) 20 (17.7) 50 (27.5)

IQR = interquartile range. NS = not significant. In bold = significant value
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Table 2. Demographic, clinical, and laboratory findings of fatal and non-fatal cases

Characteristics Total cases with collected Fatal cases (N = 70) Non-fatal cases (N = 225) p-value
samples (N = 295)
Age - median (IQR) 45.1 (30.8/60.3) 47.9 (32.8/57.9) 44.5 (29.9/60.9) 0.477
Gender - Female 135 (45.8) 25(35.8) 110 (48.9) 0.056
Influenza vaccine last season 60 (20.4) 8 (11.5) 52(23.2) 0.046
Signs/symptoms
Dyspnea 287 (97.3) 68 (97.2) 219 (97.4) 1.000
Desaturation 192 (80.7) 47 (87.1) 145 (78.9) 0.774
Comorbidities (yes) 228 (71.3) 58 (82.9) 170 (75.6) 0.253
Virus result
Positive 113 (38.4) 20 (28.6) 93 (41.4) 0.067
IFV 34 (11.6) 6(8.6) 28 (12.5) 0.520
IFV A HINIpdm 19.(6.5) 3(4.3) 16 (7.2) NA*
IFV A H3N2 9(3.1) 1(1.5) 8 (3.6)
IFV not subtyped 2(0.7) 0(0) 2(0.9)
IFVB 4(1.4) 2(2.9) 2(0.9)
HRV 32(10.9) 5(7.2) 27 (12) NA*
HRSV 19 (6.5) 2(2.9) 17 (7.6)
HPIV 18(6.2) 3(4.3) 15(6.7)
HAdV 10 (3.4) 1(1.5) 9(4)
HCoV 10 (3.4) 2(2.9) 8(3.6)
HEV 9(3.1) 1(1.5) 8 (3.6)
HMPV 6(2.1) 1(1.5) 5(2.3)
Number of virus identified
1 89 (30.2) 19(27.2) 70 (31.2) 0.555
>1 24 (8.2) 1(1.5) 23 (10.3) NA*

In bold: significant values; IQR = interquartile range; NS = Not significant; NA = Not applicable; *Frequency < 5

In recent years, there has been an important improvement in the
knowledge on the epidemiological aspects of the etiology of CAP. This
probably occurred after the introduction of vaccines for Streptococcus
pneumoniae and Haemophilus influenzae and, especially, access to
new molecular diagnostic methods (PCR) [19, 20], which considerably
increased the sensitivity for the identification of RVs. The notification
of SARI in adults accounted for practically one-third of the cases. The
active surveillance guarantees the identification of almost all cases,
but only half of them had virus sampling performed due to the low
adherence to epidemiological surveillance procedures. In this study,
among the samples collected, 38.3% were positive for some RVs,
similar to the incidence previously reported [21], and confirming the
importance of viruses as the main cause of SARI in this population.

Comparing virus positive and negative cases, no clinical and
demographic difference was found, nor in the proportion of severe
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cases and deaths, despite the increasing mortality among negative
cases. Unfortunately, no systematic investigation has been performed
for other etiologic agents. Bacterial infections are present in 14%-23%
of patients with community-acquired pneumonia, but no etiologic
agent was identified in 46%-62% of the cases [2, 22]. Therefore, in our
study, some of the negative cases are probably bacterial infections, or
even viral infections, which were not identified by the method used
to evaluate the case. Furthermore, patients with negative results had
a significant higher duration of symptoms until hospital admission,
which could contribute for viral negative results.

Regarding the viruses identified, the importance of the influenza
virus in the adult population studied was confirmed, being present
in 11.6% of the SARI cases with virus investigation and in 30.1% of
the positive cases for RVs. Similar this finding, the IFVs were the
major pathogen associated with the development of community-
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acquired pneumonia in adults, according to a previous meta-analysis
(4). However, the differences between the results of epidemiological
studies on RVs may be related to geographic location and seasonal
factors. In the present study, we decided to collect the data from 2010,
following the 2009 pandemic, which was considered as an atypical
year in relation to the clinical and epidemiological aspects of RVs

infections.

Regardless of RVs detection (positive or negative), high lethality
was found among cases of SARI (23.8%), reaching 34.9% between
cases requiring ICU and 45.4% among those who required mechanical
ventilation. Therefore, all hospitalized patients who met the SARI
criteria, notwithstanding of etiology and presence or absence of
comorbidities, should be considered as high risk for poor outcome.

Also, viral coinfected patients had higher mortality rates than
monoinfected individuals (p<0.02), but the low frequency of viral
monoinfection in the studied group hinders any conclusion. We
have previously reported a similar finding after comparing patients
with viral monoinfection and coinfection with bacteria, in which the
detection of mixed respiratory pathogens is frequent in hospitalized
patients with acute respiratory infections, but its impact on the clinical
outcome does not appear substantial [23].

This study presents some limitations: (i) the low rate of RVs
sampling performed among adult patients with SARI, (ii) and
the failure to investigate other etiological agents that are possibly
associated with SARI such as bacteria, fungi, and mycobacteria. (iii)
In addition, the high proportion of patients with immunosuppression
limits the extrapolation of these data to other populations. However,
the frequency of respiratory viruses found in adults with SARI with
percentage values above those previously reported should serve as an
alert to the need for viral investigation in all cases of SARI in adults,
seeking to know the impact of these infections on this age group

5. Conclusion

As a conclusion, for the population evaluated in the present study,
respiratory viruses accounted for more than a third of cases of SARI
in adults, being IFVs the main etiological agent. SARI is associated
with high lethality, regardless of virus positivity, and presence of
comorbidities. Surveillance measures should therefore be maintained
and strengthened in adults, seeking to establish risk factors possibly
associated with fatality rates and the etiologies of negative cases for
RVs to identify emerging pathogens.
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