J Infect Chemother 25 (2019) 129—-136

Journal of Infection and Chemotherapy

journal homepage: http://www.elsevier.com/locate/jic

Contents lists available at ScienceDirect

Original Article

Community-acquired bacterial co-infection predicts severity and )
mortality in influenza-associated pneumonia admitted patients™ o

Fei Teng , Xin Liu, Shu-Bin Guo ', Zhuo Li , Wen-Qing Ji , Fang Zhang , Xiao-Mei Zhu

Emergency Department, Beijing Chao-Yang Hospital, Capital Medical University, Chaoyang District, Beijing 100020, China

ARTICLE INFO

ABSTRACT

Article history:

Received 4 August 2018

Received in revised form

17 October 2018

Accepted 25 October 2018
Available online 15 November 2018

Keywords:

Influenza

Bacterial co-infection
Community-acquired pneumonia
Mortality

Staphylococcus aureus

Background: Influenza is frequently complicated by bacterial co-infection, causing additional hospitali-
zation and mortality. We determined the incidence, risk factors and outcomes of patients with influenza-
associated community-acquired bacterial co-infection.
Method: This was a retrospective, observational study. Influenza was diagnosed using the polymerase
chain reaction. Co-infection had to be confirmed using standard bacteriological tests. The primary
endpoint was presence of community-acquired co-infection, and the secondary endpoint was in-hospital
mortality.
Results: During the 8 influenza seasons from 2010 to 2018, of the 209 influenza-associated pneumonia
admitted patients, 41 (19.6%) were identified with community-acquired bacterial co-infections and
Staphylococcus aureus was the predominant strain. Compared with patients without co-infection, pa-
tients with co-infection had similar demographic characteristics and co-morbidities, obtained a higher
APACHE 1I score and a higher SOFA score, and had higher ratio of sepsis shock, invasive mechanical
ventilation, and ICU requirement. In-hospital mortality independently associated with bacterial co-
infection (adjusted hazard ratio (aHR) 2.619; 95%CI 1.252—5.480; p = 0.011); in subgroup S. aureus
(aHR 6.267; 95%CI 2.679—14.662; p < 0.001) and other pathogens (aHR 2.964; 95%CI 1.160—7.577;
p = 0.023); and in subgroup positive findings in bloodstream (aHR 7.420; 95%CI 2.712—20.302; p < 0.001)
and positive findings in other site (aHR 3.427; 95%Cl 1.514—7.757; p = 0.003).
Conclusion: Community-acquired bacterial co-infection was frequent in influenza-associated pneu-
monia, without risk factor identified yet. Bacterial co-infection was likely to predict severity, and was an
independent risk factor for in-hospital mortality. Co-infection of Staphylococcus aureus with influenza
was identified as a lethal synergism, and should be targeted when developing clinical antibiotic
strategies.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

Influenza has been recognised since 1580 and spreads rapidly
through communities in outbreaks [1]. Two forms of influenza
occur around the world: epidemic (seasonal or interpandemic)

Abbreviations: ICU, intensive care unit; MSSA, methicillin-sensitive S. aureus;
MRSA, meticillin-resistant S. aureus; CAP, community-acquired pneumonia; RT-PCR,
reverse transcription polymerase chain reaction; Ig, immunoglobulin; APACHE,
Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure
Assessment; SD, standard deviation; IQR, inter-quartile range; CI, confidence in-
terval; aHR, adjusted hazard ratio.
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influenza caused by influenza A and B viruses, and novel pandemics
caused by influenza A viruses [2]. Annual influenza epidemics
result in substantial mortality, and Danielle Iuliano et al. [3] esti-
mated that seasonal influenza accounts for 291,243-645,832 res-
piratory deaths (4.0—8.8 per 100,000 individuals) annually.
Seasonal and pandemic influenza are frequently complicated
by bacterial co-infection, causing additional hospitalization and
mortality [4,5]. Studies analysing the frequency of influenza
and bacterial co-infection have reported high heterogeneity.
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A recent systematic review and meta-analysis involving 27
studies demonstrated that the results from these studies were
highly variable, ranging from 2 to 65%, although the majority
of studies ranged between 11 and 35% [6]. Particularly notable is
the increase in the number of patients with influenza who are
admitted to hospitals with bacterial co-infections. As a large
multicenter study with 2901 ICU patients admission recently
showed a significant increase in occurrence from 11.4% in 2009
to 23.4% in 2015 [7].

During the 2009 influenza A HIN1 pandemic, bacterial co-
infection was frequently reported in fatal cases with Streptococcus
pneumoniae as the most predominant pathogen identified [8,9]. In
other studies, the presence of bacterial co-infection, mainly caused
by Staphylococcus aureus, seemed to result in a higher mortality
rate [10,11]. Taken together, the most common causative pathogens
of bacterial co-infection in influenza are S. pneumoniae, S. aureus
(including community-acquired methicillin-sensitive S. aureus
(MSSA) and meticillin-resistant S. aureus (MRSA)), Haemophilus
influenzae, other Streptococcus species, and other Gram-negative
rods [2].

In August 10, 2010 the WHO announced that the 2009 H1N1
pandemic had moved into the post-pandemic period [12]. We
therefore determined the incidence, risk factors and outcomes of
patients with influenza-associated community-acquired bacterial
co-infection in the subsequent seasonal influenza period.

2. Patients and methods
2.1. Study design

We conducted a retrospective monocentric observational
study in Beijing Chao-Yang Hospital, Capital Medical University
(Beijing, China), which is an urban university hospital with 1300
beds and an annual census of approximately 250,000 Emergency
Department visits. The steps of enrolling subjects were as follows:
i) during the study period from 2010 to 2018, including 8 epidemic
influenza seasons, all consecutive patients hospitalized with
diagnosis of influenza were abstracted and screened; ii) all
enrolled patients should be laboratory confirmed influenza A or/
and influenza B infection by reverse transcription polymerase
chain reaction (RT-PCR) test in accordance with the published
guidelines from the Centers for Disease Control and Prevention
[13], and patients with insufficient evidence were excluded; iii)
patients who developed fever or flu-like symptoms during their
hospitalization for treating other diseases and were diagnosed
with influenza were excluded; iv) patients who didnot meet the
community-acquired pneumonia (CAP) criteria [14] were
excluded; v) referrals from other wards to our hospital were
excluded, but outpatients and emergency patients from other
hospitals were also included. Medical records were indepen-
dently reviewed by two physicians. This study was approved by
the Institutional Review Board and Medical Ethics Committee of
Beijing Chao-Yang Hospital. The primary endpoint of this analysis
was the presence of community-acquired co-infection, and the
secondary endpoint was in-hospital mortality.

2.2. Definitions

CAP was defined by acute symptoms and presence of signs of
lower respiratory tract infection initiated in the community
without other obvious cause, whereas new pulmonary infiltrate
on chest radiograph [14]. Influenza-associated CAP was defined
in CAP patients with confirmed influenza infection. Bacterial co-
infection was defined in patients with one or more isolates ob-
tained from a blood culture and/or a pleural fluid, sputum,

tracheal or bronchoscopic sample if the isolate was a pathogen
considered to be causing a true infection in the opinion of the
treating expert team (including a respiratory specialist and an
infectious disease and microbiological specialist). Community-
acquired bacterial co-infection was diagnosed in patients
whose sputum and blood (when indicated) samples were
collected for bacterial culture preparation within 48 h of hospital
admission. Individual influenza group was defined as non-
positive detection of community-acquired bacterial co-infected
pathogen group, including patients with negative bacterial in-
vestigations, failure of valid specimens and without in-
vestigations. A causative co-pathogen of the pneumonia should
fulfill at least one criterion among the following: i) S. pneumoniae
or S. aureus or L. pneumophila, whatever type of testing and level
of positivity; ii) identified in pleural fluid or blood, and blood
cultures should be obtained from 2 or 3 sets [15]; iii) Chlamydiae
pneumoniae or Mycoplasma pneumoniae identified with immu-
noglobulin (Ig) antibodies testing positive if IgM antibodies were
identified or if a significant increase in IgG antibodies was
observed between paired serum samples; iv) C. pneumoniae or
M. pneumoniae identified by multiplex real-time fluorescence
quantitative PCR; v) identified within a valid sputum specimen
(leucocyte >25/field and epithelial cells <10/field) and
>10% colony-forming units/mL; vi) identified within bron-
choalveolar lavage fluid >10* colony-forming units/mL. vii)
identified by urine antigen within 24 h after admission. Septic
shock should meet the following criteria: i) subsequent organ
dysfunction caused by a dysregulated host response to infection;
ii) persisting hypotension requiring vasopressors to maintain
MAP >65 mm Hg and having a serum lactate level >2 mmol/L
despite adequate volume resuscitation [16]. Obese patients were
defined as those with a body mass index >30 kg/m?.

2.3. Data collection

At admission and during hospitalization stay, data regarding
medical identification, demographic characteristics, co-
morbidities, clinical symptoms and examinations, laboratory and
radiological findings, microbiologic investigations, and therapeutic
management were collected. Invasive mechanical ventilation and
vasopressor drugs requirements were also recorded within 24 h of
hospitalization. Acute Physiology and Chronic Health Evaluation
(APACHE) II score [17] and Sequential Organ Failure Assessment
(SOFA) score [18] were calculated for each patient using data ob-
tained within 24 h from admission.

2.4. Data presentation and statistical analysis

Continuous variables were expressed as means + standard de-
viation (SD) or median (inter-quartile range, IQR) and were
compared using the Student t-test or Mann-Whitney U test.
Discrete variables were expressed as counts (percentages) and
were evaluated using the Chi-square test or Fisher's exact test.
Missing blood routine examination was found in one case,
biochemical examination in five cases, and arterial blood gas
analysis in four cases. The corresponding items of these missing
data in the APACHE II score and SOFA score were assumed to be
zero. A multivariable logistic regression with clinically relevant
variables was used to identify risk factors for co-infection. A Cox
regression was used to identify variables independently associated
with in-hospital mortality. Analyses were performed using the SPSS
21.0 software (IBM SPSS Statistics for Windows, version 21.0;
Armonk, NY, USA). A difference was considered statistically signif-
icant when p value less than 0.05.



E Teng et al. / ] Infect Chemother 25 (2019) 129—136 131

3. Results
3.1. Patient characteristics and risk factors for Co-infection

During the study period, 279 patients with the diagnosis of
influenza were screened. Of these, 70 were excluded: 9 uncon-
firmed by RT-PCR; 26 had hospital-acquired influenza; 23 was not
radiologically diagnosed with CAP; and 12 referrals from other
wards with exacerbation. The final cohort consisted of 209 patients
with influenza-associated CAP. No patients had been documented
with influenza vaccination in their medical history. In multivariable
analyses, none of the following variables in age, sex, influenza
subtype, co-morbidities, and clinical manifestations was identified
as an independent risk factor for bacterial co-infection (Table 1).

3.2. Pre-admission treatment

The median (IQR) time from onset of symptoms to hospitaliza-
tion was 6 (4, 8) days, 151 (72.2%) patients transferred from out-
patient department or emergency room of inferior hospitals or
community medical service centers. Almost all patients are treated
with cold medicine and/or acetaminophen at the beginning of their
illness, 149 (71.3%) patients had received previous neuraminidase

inhibitors based on rapid antigen testing positive or experience, 28
(13.4%) patients were administrated within 48 h. Before being
hospitalized, 192 (91.9%) patients had received broad-spectrum
antibiotics. The antibiotic regimens were quinolone monotherapy
(45, 21.5%), beta-lactam monotherapy (62, 29.7%), macrolide
monotherapy (6, 2.9%), quinolone plus beta-lactam (56, 26.8%),
macrolide plus beta-lactam (20, 9.6%), and beta-lactam plus van-
comycin (3, 1.4%). In multivariable analyses, none of the above pre-
admission treatments was identified to be associated with bacterial
co-infection (Table 1).

3.3. Severity assessment

Within 24 h of hospital admission, all of the patients were risk-
stratified according to APACHE II score, with a mean of 12.1 + 6.5,
and SOFA score, with a mean of 3.7 + 3.2. Patients with bacterial co-
infection obtained a higher APACHE II score and a higher SOFA
score than those with individual influenza infection (p = 0.018;
p = 0.006). Meanwhile, at the first 24 h after admission, sepsis
shock occurred in 16 (7.7%) cases and invasive mechanical venti-
lation was performed in 31 (14.8%) cases. The rates of sepsis shock
and invasive mechanical ventilation requirement in the bacterial
co-infected patients was significantly higher than that in the

Table 1
Characteristics and risk factors for bacterial co-infections in hospitalized patients with influenza-associated CAP.
Variables Total Individual influenza Bacterial co-infection p value
n =209 n =168 n =41
Age, median (IQR) 59 (47,73) 59 (49,75) 56 (38,71) 0.145
Age group, n (%)
age <45 6 (22.0) 4 (20.2) 12 (29.3) 0.211
45 < age <65 0 (43.1) 5 (44.6) 15 (36.6) 0.350
age >65 73 (34.9) 59(35.1) 4(34.1) 0.907
Sex (male), n (%) 136 (65.1) 109 (64.9) 27 (65.9) 0.636
Influenza type and subtype, n (%)
A/HIN1 105 (50.2) 88 (52.4) 17 (41.5) 0.391
A/unclassified 70 (33.5) 55(32.7) 15 (36.6) 0.719
B 29 (13.9) 21 (12.5) 8(19.5) 0.099
A and B 5(24) 4(2.4) 1(2.4) 0.560
Co-morbidities, n (%)
Solid organ transplantation 2(1.0) 1(0.6) 1(24) 0.125
Steroid therapy 8(3.8) 7(4.2) 1(24) 0.998
Active cancer 6(2.9) 5(3.0) 1(2.4) 0.678
Hemopathy 3(14) 3(1.8) 0(0) 0.998
Chronic respiratory disease® 35(16.7) 28 (16.7) 7(17.1) 0.526
Coronary artery disease 20(9.6) 17 (10.1) 3(7.3) 0.878
Chronic heart failure 9(4.3) 9(54) 0(0) 0.997
Chronic hepatopathy 7(3.3) 7 (4.2) 0(0) 0.998
Chronic kidney disease 5(24) 4(2.4) 1(2.4) 0.998
Diabetes mellitus 31(14.8) 27 (16.1) 4(9.8) 0.377
Obesity, n (%) 16 (7.7) 11 (6.5) 5(12.2) 0394
Pregnancy, n (%) 3(1.4) 3(1.8) 0(0) 0.999
Clinical manifestations
Fever 199 (95.2) 160 (95.2) 39 (95.1) 0.486
Pharyngalgia 56 (26.8) 40 (23.8) ]6 (39.0) 0.209
Cough 199 (95.2) 162 (96.4) 37 (90.2) 0.401
Dyspnea 136 (65.1) 108 (64.3) 28 (68.3) 0177
Myalgia or arthralgia 59 (28.2) 49 (29.2) 10 (244) 0.237
Gastrointestinal symptoms” 32 (15.3) 25(14.9) 7(17.1) 0.859
Neurological symptoms® 42 (20.1) 31(18.5) 11 (26.8) 0.613
Days from onset to hospitalization,median (IQR) 6(4,8) 6(4,7) 6(4,8) 0.484
Received previous neuraminidase inhibitors, n (%) 149 (71.3) 117 (69.6) 32 (78.0) 0.155
Neuraminidase inhibitor administration within 48 h, n (%) 28 (13.4) 22(13.1) 6 (14.6) 0.795
Received previous antibiotics 192 (91.9) 156 (92.9) 36 (87.8) 0.079
Received previous antibiotics days, n (%)
1-2 days 70 (33.5) 55 (32.7) 15 (36.6) 0.640
3-5 days 83(39.7) 69 (41.1) 14 (34.1) 0.417
6 or more days 39 (18.7) 32 (19.0) 7(17.1) 0.771

2 Chronic respiratory disease: asthma, chronic obstructive pulmonary disease, pulmonary fibrosis, bronchiectasis.

b Gastrointestinal symptoms: vomiting, abdominal pain, diarrhea.
¢ Neurological symptoms: headache, dizziness, altered mental status.
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influenza individual infected patients (p = 0.028; p = 0.004). Dur-
ing the hospital stay, 63 (30.1%) required ICU admission. Patients
with bacterial co-infection were more likely to ICU requirement
than patients without co-infection (p = 0.001) (Table 2).

3.4. Bacterial Co-infection investigation

The number (percentage) of cases where each bacteriological
examination was performed was bronchial lavage cultures of 15
(7%), sputum cultures of 172 (82%), qualified sputum cultures of 109
(52%), Streptococcus urine antigen tests of 34 (16%), blood cultures
of 52 (25%), throat swab PCR for L. pneumophila, C. pneumoniae and
M. pneumoniae of 9 (4%), sputum PCR for L. pneumophila,
C. pneumoniae and M. pneumoniae of 85 (41%). Overall, 41 (19.6%)
were identified with community-acquired bacterial co-infections
and the bacterial pathogen spectrums isolated from the cohort
were Staphylococcus aureus (including community-acquired
methicillin-susceptible and meticillin-resistant S. aureus), Strepto-
coccus pneumoniae, Haemophilus influenzae, Klebsiella pneumoniae,
Escherichia coli, Pseudomonas aeruginosa, and Mycoplasma pneu-
moniae (Table 3). None of them were identified by pleural fluid
culture or IgG/IgM antibodies against C. pneumoniae or
M. pneumoniae. Of the 41 patients co-infected with bacterial
pathogens, S. aureus was the predominant strain and was respon-
sible for all the 10 positive blood cultures. For the 18 patients with
S. aureus co-infection, 2 cases (all MSSA) were with no pre-
admission antibiotic administration, 7 cases (all MSSA) with short
course (1—2 days), 5 cases (3 MSSA, 2 MRSA) with intermediate
course (3—5 days), and 4 cases (all MRSA) with long course (6 or
more days).

3.5. Clinical outcomes

In-hospital mortality was not significantly different among age,
sex, influenza types, co-morbidities and the pre-admission treat-
ments (Table 4). In this cohort, 30 (14.4%) patients died in the
hospital. Within 24 h of hospital admission, non-survival patients,
with a higher APACHE II score (p < 0.001) and a higher SOFA score
(p < 0.001), more frequently needed for mechanical ventilation
(p < 0.001) and more likely to present sepsis shock (p < 0.001).
Patients with ICU admission was associated with a higher in-
hospital mortality (p < 0.001). The rates of bacterial co-infection
(p < 0.001), especially S. aureus (p = 0.001), were higher in the
non-survivors than those in the survivors (Table 4).

In-hospital mortality was associated in bivariate analyses with
bacterial co-infection, sepsis shock, invasive mechanical ventila-
tion, ICU requirement, APACHE II score and SOFA score. After Cox
regression analysis, in-hospital mortality remained independently
associated with bacterial co-infection, together with age, ICU
requirement and SOFA score, and the adjusted hazard ratio (aHR)
values were summarized in Table 5. Survival curves were described
in Fig. 1. A subgroup analysis for pathogen species of the 41 bacterial
co-infected patients showed that positive cultures in S. aureus (aHR
6.267; 95%CI 2.679—14.662; p < 0.001) and other pathogens (aHR
2.964; 95%Cl 1.160—7.577; p = 0.023) were independent risk factors

for in-hospital mortality. A subgroup analysis for infection site of
the 41 bacterial co-infected patients showed that positive findings
in bloodstream (aHR 7.420; 95%CI 2.712—20.302; p < 0.001) and
positive findings in other site (aHR 3.427; 95%Cl 1.514—7.757;
p = 0.003) were independent risk factors for in-hospital mortality.

4. Discussion

During post-pandemic seasons, influenza A/HIN1 was the pre-
dominant circulating influenza strain, and also was the most
common subtype in our study cohort. Patients infected with
influenza A/HIN1 were more likely to develop severe disease,
compared with those infected with other influenza A subtypes and
influenza B [19,20]. Our results showed that more virulent influ-
enza A/H1N1 accounted for a higher mortality rate, but not a higher
bacterial co-infection rate. Of the total 209 patients with influenza-
associated CAP, 19.6% had community-acquired bacterial co-
infections. Our rate was in line with the rates of 11-35% for bac-
terial co-infections although the criteria for defining a co-infected
patient and the criteria for setting study enrollment varied by
study [6]. Most of the previous studies have been done on critically
ill patients in ICU. Unlike these, we included both critically and non-
critically ill patients.

Some studies measured and reported on co-morbidities of pa-
tients with co-infection and attempted to demonstrate that older
age [21-23], obesity [7], immunosuppression [7], chronic
obstructive pulmonary disease (COPD) [24] and diabetes [25] were
risk factors for bacterial co-infection. Risk factors varied widely
even contradicted reciprocally in these studies. On the contrary,
Blyth et al. [5] demonstrated that patients with co-infection were
younger and had fewer co-morbidities normally associated with an
increased need for ICU admission. These inconsistent conclusions
may be due to the heterogeneity of the enrolled patients, and
detailed subgrouping, such as taking into account corticosteroid
dose or COPD severity, may be an alternative way to remove con-
founders. Recently, Martin-Loeches et al. [26] summarized this
phenomenon that although many critical determinants of suscep-
tibility to secondary infections have been identified, most of the
underlying mechanisms and interactions have not been delineated,
and studies so far have had conflicting results. In our study, no
differences in demographic characteristics and co-morbidities were
observed between patients with and without co-infection in
multivariable analysis. As enrolment including many younger
people without co-morbidities unexpectedly underwent the worst
outcome, which could attribute to bacterial co-infection. Analysis
according to our findings suggests that determining the interaction
mechanism among severe influenza infection, bacterial co-
infection, human susceptibility and the immune response in
combating is not easy, although understanding it is strategic for
developing clinical management.

Bacterial co-infection likely predisposed patients to have a
higher admission APACHE II score and SOFA score, more frequently
present sepsis shock, and require invasive mechanical ventilation
and ICU admission. But none of the variables was independently
associated in multivariate analyses with bacterial co-infection.

Table 2

Severity assessment in influenza-associated CAP patients.
Variables Individual influenza n = 168 Bacterial co-infection n = 41 p value
APACHE II score, mean + SD 116 £ 6.3 142 +7.0 0.018
SOFA score, mean + SD 34+30 5.1+3.8 0.006
Sepsis shock, n (%) 9(5.4) 7(17.1) 0.028
Invasive mechanical ventilation, n (%) 19(11.3) 12 (29.3) 0.004
ICU requirement, n (%) 42 (25.0) 21(51.3) 0.001
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Table 3

133

Frequency and proportions of the pathogens isolated in hospitalized influenza-associated CAP patients with bacterial co-infections.

Urinary antigen n = 4 Sputum PCR n =2 Multiple isolates” n = 4

Pathogen Frequency n (%) n = 41 Blood isolates n = 10 Sputum isolates n = 25
Staphylococcus aureus 18 (43.9) 10 (55.6) 8 (44.4)
MSSAP 12 (29.3) 3(25.0) 6 (50.0)
MRSA® 6 (14.6) 5(83.3) 1(16.7)
Streptococcus pneumoniae 11 (26.8) - 7 (63.7)
Haemophilus influenza 3(7.3) — 3(100)
Klebsiella pneumoniae 3(7.3) — 3(100)
Escherichia coli 2(4.9) — 1(50)
Pseudomonas aeruginosa 2 (4.9) — 2 (100)
Mycoplasma pneumoniae 2 (4.9) — —

3(25.0)

;(50)

2 (100)

2 Of the 3 MSSA cases by using multiple detective methods, one case were isolated from blood culture,

valid sputum and bronchoalveolar lavage fluid; one case from blood

culture and valid sputum; one case from valid sputum and bronchoalveolar lavage fluid. One E. coli case were isolated from valid sputum and bronchoalveolar lavage fluid.

b MSSA: Methicillin susceptible Staphylococcus aureus.
€ MRSA: Methicillin resistant Staphylococcus aureus.

Table 4
Comparison of the clinical characteristics between survival and non-survival influenza-associated CAP patients.
Variables Survivors Non-survivors p value
n=179 n=30
Age, median (IQR) 59 (47,73) 62 (50,73) 0.530
Age group, n (%)
age <45 40 (22.3) 6 (20.0) 0.774
45 < age <65 79 (44.1) 11 (36.7) 0.445
age >65 60 (33.5) 13 (43.3) 0.297
Sex (male), n (%) 117 (65.4) 19 (63.3) 0.829
Influenza type and subtype, n (%)
A/H1IN1 86 (48.0) 19 (63.3) 0.438
Alunclassified 63 (35.2) 7 (23.3) 0.146
B 26 (14.5) 3(10.0) 0.325
Aand B 4(2.2) 1(3.3) 0914
Co-morbidities, n (%)
Solid organ transplantation 1(0.6) 1(3.3) 0.267
Steroid therapy 7(3.9) 1(3.3) 0.999
Active cancer 6(34) 0(0) 0.579
Hemopathy 3(1.7) 0(0) 0.999
Chronic respiratory disease® 31(17.3) 4(13.3) 0.589
Coronary artery disease 18 (10.1) 2(6.7) 0.804
Chronic heart failure 9 (5.0) 0(0) 0.442
Chronic hepatopathy 6(34) 1(3.3) 0.999
Chronic kidney disease 5(2.8) 0(0) 0.999
Diabetes mellitus 26 (14.5) 5(16.7) 0.978
Obesity, n (%) 13(7.3) 3(10.0) 0.880
Pregnancy, n (%) 3(1.7) 0(0) 0.999
Bacterial co-infection, n (%) 27 (15.1) 14 (46.7) <0.001
Staphylococcus aureus 10 (5.6) 8(26.7) <0.001
Other pathogens 17 (9.5) 6 (20.0) 0.026
Bloodstream detected 5(2.8) 5(16.7) 0.001
Other site detected 22 (12.3) 9(30.0) 0.004
Days from onset to hospitalization, median (IQR) 6 (4,7) 7 (4,9) 0.650
APACHE I score, mean + SD 11.0 £ 5.6 189+72 <0.001
SOFA score, mean + SD 3.1+27 73 +38 <0.001
Sepsis shock, n (%) 7(3.9) 9 (30.0) <0.001
Invasive mechanical ventilation, n (%) 17 (9.5) 14 (46.7) <0.001
ICU requirement, n (%) 39 (21.8) 24 (80.0) <0.001
Received previous neuraminidase inhibitors, n (%) 127 (70.9) 22 (73.3) 0.789
Neuraminidase inhibitor administration within 48 h, n (%) 26 (14.5) 2(6.7) 0.379
Received previous antibiotics, n (%) 164 (91.6) 28 (93.3) 0.999
Received previous antibiotics days, n (%)
1-2 days 59 (33.0) 11 (36.7) 0.691
3-5 days 74 (41.3) 9 (30.0) 0.240
6 or more days 31(17.3) 8(26.7) 0.224

@ Chronic respiratory disease: asthma, chronic obstructive pulmonary disease, pulmonary fibrosis, bronchiectasis.

Despite the failure to distinguish differences in severity of illness in
subjects with and without co-infection, it is still possible that co-
infection would contribute to severe disease. This opinion con-
cided with the findings by Martin-Loesches et al. [23] that patients
with bacterial co-infection were more likely to require invasive
ventilation and vasopressors. Besides, the delayed hospitalization

was not independently associated with bacterial co-infection and
mortality, but the patients with delayed hospitalization seemed to
need more invasive mechanical ventilation at the first 24 h after
hospitalization (Z = 2.064; p 0.039) and ICU admission
(Z = 2.823; p = 0.005). The timing of hospitalization in our study
closely match that of peak illness (at day 6 post-influenza infection)
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Table 5
Independent predictors for in-hospital mortality in hospitalized patients with
influenza-associated CAP.

Variable aHR 95% CI p value
age <45 Ref — 0.004
45 < age <65 2.080 0.737-5.867 0.166
age >65 5.161 1.855—-14.363 0.002
SOFA score 1177 1.069—-1.295 0.001
ICU requirement 6.172 2.153-17.690 0.001
Bacterial co-infection 3.037 1.401-6.583 0.005
1.00
-
1.
1
S
-~

5 095 N

2 e -~

>

] - .. .

a individual influenza

2 090

=

®

=

£

=

O (85

bacterial co-infection
0.804

T T T T T T
0 10 20 30 40 50

Survival time (days)

Fig. 1. Survival curves for influenza-associated pneumonia patients with and without
community-acquired bacterial co-infection. (Censored at 50 days).

observed in rhesus macaques model [27]. It is also interesting to
note that the frequency of males enrolled in the analyzed cohort
was higher than that of females. The time interval from symptom
onset to hospitalization of males (7 (5,8) days) was longer than that
of females (5 (4,7) days), although there was no significant differ-
ence of the time interval between males and females (Z = 1.895;
p = 0.058). We speculated that males customarily experience a
longer delay to hospitalization because of their tolerance for dis-
ease, which account for more severe cases. This may be a possible
epidemiological explanation for differences in sex constituent ratio.
The ratio of male patients in our cohort (65.1%) was similar to that
in a multi-center study including 2901 ICU patients (59.1%) [7].
Whether male patients are more likely to develop severe cases and
the pathophysiological mechanisms need further exploration.

Of the 30 dead patients, we found that the mortality rate was
higher in the elder age group than it was in the younger age group.
Although no differences were found between survivors and non-
survivors, age was identified as an independent risk factor for
mortality. Besides, 14/30 (46.7%) non-survivors had community-
acquired bacterial co-infection, and it was identified as an inde-
pendent predictor for in-hospital mortality. Nevertheless, previous
studies have provided conflicting results regarding the impact of
co-infection on patient outcomes. Martin-Loesches et al. [23] found
no significant association between co-infection and ICU mortality
after adjustment for confounding factors. Subsequently, Cilléniz C
et al. [24]| demonstrated that bacterial co-infection did not influ-
ence mortality of these patients. Blyth et al. [5] later demonstrated
that no significant difference in outcomes was observed. Recent

researches seem to have reversed that view. A retrospective study
analysing 507 U.S. patients found that bacterial co-infection,
especially with S. aureus, was associated with significantly higher
mortality [11]. Another prospective multicentre study involving
2901 ICU patients performed in Europe showed that co-infection in
critically ill patients with influenza was an independent risk factor
for ICU, 28-day and in-hospital mortality [7]. The heterogeneity
among these studies may attribute to the diversity of co-pathogens,
and different bacterial strains result in different outcomes. The
changes in epidemiology over the years and the local differences,
lead to different proportions of co-pathogens detected in each
epidemic or pandemic influenza monitoring data. The predominant
bacterial strain will drive the outcome consistent with its own
pathogenic characteristics. Further intensive studies on co-
infection should be deep into the level of correlation between
bacterial strains and prognosis.

S. pneumoniae was not detected by blood cultures in our study. A
multi-center study focusing on utility of blood culture among
children hospitalized with CAP showed that among the 2568
children in whom a blood culture was obtained, 51 (1.99%)
demonstrated growth of S. pneumoniae, 46 (92%) of which were
susceptible to penicillin. This study suggests that the positive rate
in blood cultures of pneumococcal bacteremia is very low, and
recommends that blood cultures may not be needed for most
children hospitalized with CAP [28]. In our cohort, 192/209 (91.9%)
patients had received previous broad-spectrum antibiotics before
admission, and it might be the main reason that S. pneumoniae
were not detected by blood cultures. Another reason might be that
a blood culture was not obtained when S. pneumoniae was the
suspected co-infected pathogen, and instead of a blood culture, a
sputum culture and a urine antigen test were frequently acquired.
S. aureus was the most prevalent causing pathogen for community-
acquired bacterial co-infection, and was prone to result in bacter-
emia. When analysing results for each pathogen individually, we
found that co-infection with S. aureus, especially MRSA, was asso-
ciated with significant mortality. Patients with bacterial co-infected
in bloodstream had an adverse outcome than those with other co-
infecting sites. All the 10 positive blood cultures in our cohort
attributed to S. aureus, half of which were MRSA. Of these 10 pa-
tients, 5 died, and 3 of them due to MRSA. Our findings supported
the views that S. aureus has a synergistic relationship with influ-
enza, even for people in the community [11], and there have been
significant increases in the incidence of MRSA infections in the last
decade, particularly community-associated MRSA [29]. Another
explanation for the increased detection rate of MRSA is the re-
distribution of pathogenic bacteria resulted from exposure of pre-
hospital broad-spectrum antibiotics, which was supported by our
findings. These findings may explain why, as shown in our study,
some young adults co-infected bacteria without any risk factor
underwent the worst outcome. However, it is not very clear why
young adults without risk factors are also vulnerable to bacterial
co-pathogen attacks. These cases underscore the need for health-
care providers to be vigilant, especially during the influenza sea-
son, for severe cases of CAP that might be caused by MRSA [30]. A
multicenter, prospective active surveillance study at 5 US hospitals
with systematic detection of influenza-S. aureus co-infection in
2259 pneumonia patients and seasonal variation indicated that the
highest levels of detection for influenza and S. aureus tended to
cluster together in the same months [31]. Aslam N, et al. demon-
strated that post-influenza pneumonia is one of the major causes of
S. aureus bacteremia [32]. Persistent nasal carriers of S. aureus are
predisposed to invasive disease, including secondary staphylo-
coccal respiratory infection [33—36]; S. aureus may be aspirated
from the nose into the lung, with the potential to cause respiratory
infection and bacteremia through damaged bronchial epithelium in
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a host made susceptible by the presence of influenza [37]. In
addition, influenza virus primes mice for pneumonia due to
S. aureus co-infection, which impaired the anti-influenza immune
response and increased the mortality [38]. Both viral and bacterial
titers increase due to alveolar macrophage impairment [39]. Syn-
ergistic mechanism of influenza virus and S. aureus in host deserve
further exploration in translational research.

Although there is a high proportion of neuraminidase inhibitors
administration pre-admission, only a few patients were adminis-
trated within 48 h of the illness onset. The constituent ratio of
patients with delayed administration (>48 h) of neuraminidase
inhibitor was similar between the individual influenza group and
the bacterial co-infection group, and was higher in the non-
survivors than that in the survivors. Although it was not been
identified as an independent risk factor for mortality, this finding
was consistent with the report that the delayed administration of
antiviral treatment was a risk factor for in-hospital mortality [40].
There were no differences in the antiviral treatment within 48 h
given to patients presenting with or without co-infection that could
explain why co-infection patients experienced a worse outcome.
Thus, recognition and treatment of potential bacterial co-infections
is important, particularly CAP in which pathogens are difficult to
detect [41]. With the increase of antibiotic time course, the positive
detection rate of pathogens decreased. This was in line with the
conclusion of a multi-center study, which demonstrated that bac-
teria were less frequently detected in culture-based tests collected
after antibiotic exposure [42]. However, in subgroups of short, in-
termediate and long course pre-admission antibiotics, differences
were neither found between the individual influenza group and the
bacterial co-infection group, nor between the survivors and the
non-survivors. Antibiotic exposure appears to have a little impact
on the detection rate of S. aureus, and the significant impact is that
the MSSA strains drift towards MRSA strains with the extension of
antibiotic exposure time course. When bacterial co-infection oc-
curs, it usually manifests as deterioration of the patient's condition,
but is not specific enough to fully identify the progression of
influenza infection itself. Therefore, influenza-associated CAP pa-
tients who manifest or have manifested signs and symptoms of
exacerbation incompatible with individual influenza should be
empirically treated with antibiotics targeting S. aureus (including
MRSA), S. pneumoniae, H. influenzae and other Gram-negative
bacterium. Our study supports Infectious Diseases Society of
America (IDSA) recommendations for empiric antibiotic coverage
for influenza-associated CAP [14]. To avoid overuse of antibiotics,
routine cultures are advisable in patients hospitalized with influ-
enza, particularly those started on antibiotic therapy empirically.
Antibiotic therapy may then be de-escalated as necessary based on
microbiological results.

Several limitations need to be addressed. First, the relatively
small number of patients may limit the generalisability of our re-
sults for external validity, and further limit subgroup analysis, in
particular, the co-infection strains may be a crucial factor affecting
mortality. Second, bacterial detection rate in patients with CAP is
generally reported to be approximately 50% [43,44], while in pa-
tients with influenza-associated CAP ranged between 11 and 35%
[6]. Our rate (19.6%) is on the low side, which could possibly be
underestimated since numerous referrals had a pre-admission
exposure to antibiotics. Another reason is that patients in the in-
dividual influenza group with failure of valid sputum sampling or
without sputum sampling would be left with limited chance to be
detected with bacterial co-infection. Third, the influenza vaccina-
tion history was usually not available in medical records, prevent-
ing any conclusion on this point. Fourth, co-infection was defined as
positive detection of bacterial pathogens in different ways, which
have varying sensitivity for different organisms and potential

coinfecting sites. Some difficult-to-detect bacteria may be under-
diagnosed. Hence, these results may underrepresent the actual
distribution of bacterial co-infected pathogens.

In conclusion, our results indicated that community-acquired
bacterial co-infection was frequent in influenza-associated pneu-
monia, without risk factor identified yet. Bacterial co-infection was
likely to predict severity, and was an independent risk factor for in-
hospital mortality. Co-infection of S. aureus with influenza was
identified as a lethal synergism, and should be targeted under
consideration when developing clinical antibiotic strategies.
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