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1Abstract:
2Background
3Influenza acts synergistically with bacterial co-pathogens. Few studies have described co4infection in a large cohort with severe influenza infection.
5Objectives
6To describe the spectrum and clinical impact of co-infections.
7Study design
8Retrospective cohort study of patients with severe influenza infection from September 2013
9through April 2014 in intensive care units at 33 U.S. hospitals comparing characteristics of cases
10with and without co-infection in bivariable and multivariable analysis.
11Results
12Of 507 adult and pediatric patients, 114 (22.5%) developed bacterial co-infection and 23 (4.5%)
13developed viral co-infection. Staphylococcus aureus was the most common cause of co14infection, isolated in 47 (9.3%) patients. Characteristics independently associated with the
15development of bacterial co-infection of adult patients in a logistic regression model included the
16absence of cardiovascular disease (OR 0.41 [0.23-0.73], p = 0.003), leukocytosis (>11 K/μl, OR
173.7 [2.2-6.2], p < 0.001; reference: normal WBC 3.5-11 K/μl ) at ICU admission and a higher
18ICU admission SOFA score (for each increase by 1 in SOFA score, OR 1.1 [1.0-1.2], p = 0.001).
19Bacterial co-infections (OR 2.2 [1.4-3.6], p=0.001) and viral co-infections (OR 3.1 [1.3-7.4], p =
200.010) were both associated with death in bivariable analysis. Patients with a bacterial co21infection had a longer hospital stay, a longer ICU stay and were likely to have had a greater delay
22in the initiation of antiviral administration than patients without co-infection (p <0.05) in
23bivariable analysis.
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24Conclusions
25Bacterial co-infections were common, resulted in delay of antiviral therapy and were associated
26with increased resource allocation and higher mortality.
27
28Keywords: severe influenza, influenza A (H1N1) pdm09, co-infection, Staphylococcus aureus,
29MRSA, ICU
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47BACKGROUND
48

Influenza results in significant morbidity and mortality in the U.S and worldwide (1), and

49this is exacerbated by bacterial co-infections during both seasonal and pandemic influenza years
50(2-4). During the most severe influenza pandemic recorded, in 1918-1919, when an estimated
51675,000 people died in the United States (5-6), epidemiologic, clinical and pathologic data
52indicate that the majority of influenza patients died from bacterial pneumonia rather than from
53the influenza virus itself. Bacterial co-infections should thus be studied in order to devise
54effective preventative and therapeutic strategies (2-3,7).
55

Influenza virus has been shown to have complex effects on the human lung, priming the

56respiratory tract for synergistic pathogenesis with a bacterial co-infection (8). Morbidity and
57mortality are increased when bacterial pneumonia complicates influenza infection as compared
58with bacterial pneumonia in the absence of influenza infection (9-10).
59

During the 1918 and 1968-1969 pandemics, Streptococcus pneumoniae was likely the

60most common co-pathogen (3, 11). In the 1957-1958 pandemic, many reports identified
61Staphylococcus aureus as the most frequently cultured co-pathogen (3, 12-13). More recently S.
62aureus has been increasingly found in cases of fulminant pneumonia complicating influenza
63infection (14-15). Haemophilus influenzae, with the introduction of the H. influenzae type B
64conjugate vaccine in 1985 (16), and Streptococcus pyogenes have decreased in prevalence over
65time (17). Vaccination, novel antibiotics, and probably more importantly, viral or bacterial strain66related differences account for shifts in etiology of the most common bacterial co-infections (8).
67

A novel pandemic influenza A strain, influenza A (H1N1) pdm09, emerged in 2009.

68Reported rates of bacterial co-infection among severely ill patients varied between 17.5% and
6925% for community-acquired influenza patients in the 2009-2010 season (18-19) and 33% in a
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70study of combined community-acquired and hospital-acquired influenza patients (20). In these
71and other studies the most common community-acquired pathogens included S. pneumoniae and
72then S. aureus (10). The risk of co-infection and spectrum of bacterial species has not been
73studied during the 2013-2014 season, the first postpandemic year in which influenza A (H1N1)
74pdm was the predominant circulating influenza strain.
75
76OBJECTIVES
77

We recently completed a retrospective study of 507 patients with severe influenza treated

78in intensive care units (ICUs) of 33 U.S. hospitals during the 2013-2014 influenza season (30).
79The objectives of the present study were to evaluate bacterial and viral co-infection in this
80cohort, to describe the spectrum of co-infections and to determine their clinical impact.
81
82
83STUDY DESIGN
84
85
We performed a retrospective cohort study of all patients with laboratory confirmed
86influenza A and/or influenza B infection who were diagnosed with influenza during an ICU stay
87or within 30 days prior to an ICU admission between September 1, 2013 and April 1, 2014 at 33
88U.S. study sites that made up the Severe H1N1 Influenza Consortium (SHIC) (21). Laboratory
89testing may have been with a PCR-based test, a rapid test or viral culture. Complete laboratory
90data were accessed from infection control records, an enterprise data warehouse or directly from
91the clinical microbiology laboratory. Institutional review boards approved the study at each of
92the participating sites.
93Data collected
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94

Data for this study were abstracted by a physician from each center’s electronic health

95record (EHR) and entered into a REDCap database (22). Data abstracted and study site
96information were previously described (21).
97

Bacterial co-infection was defined in patients having one or more isolates obtained from

98a blood culture and/or a pleural fluid, sputum, tracheal or bronchoscopic sample if the isolate
99was a pathogen thought to be causing a true infection in the opinion of the treating physician and
100if the isolate was collected within 30 days of ICU admission or present on arrival to the ICU.
101Viral co-infection was defined in patients having a positive PCR or appropriate antibody test for
102a viral pathogen other than influenza. Bacterial co-infections cultured within 48 hours of hospital
103admission were defined as community-acquired; those cultured after 48 hours were considered to
104be hospital-acquired. Bacterial identification and susceptibility testing were performed by
105methods determined by institutional guidelines. For all patients, management was according to
106institutional practices.
107Statistical Analysis
108

STATA v12 (College Station, TX: StataCorp LP) was used for all analyses. Outliers were

109reexamined in the EHR to ensure data accuracy. No subject with outlying values was excluded
110from any analysis. Descriptive statistics were tabulated. Bivariable analyses were used to
111compare potential risk factors for bacterial co-infection diagnosed during the 30 days after ICU
112admission or present on admission. A multivariable logistic regression model was developed to
113determine which of the variables significantly associated in bivariable analyses (p < 0.05) were
114independently associated with co-infection. Further multivariable analysis was used to predict
115risk of death among co-infected patients and also to assess resource utilization accounting for
116admission SOFA score.

9
10

5|Page

117
118RESULTS
119

Five hundred and seven patients with severe influenza were admitted to ICUs at one of

120the 33 U.S. hospitals participating in the SHIC study in 2013-14. In this cohort influenza A
121(H1N1) pdm09 caused 311 (61.3%) infections, and influenza A virus that were not subtyped
122caused 170 (33.5%) additional infections. Other influenza strains caused 5.2% of infections
123(Table 1).
124

There were 444 adult and 63 pediatric subjects. Baseline characteristics are displayed in

125Table 1. Bacterial co-infection was present in 114 (22.5%) subjects, comprising 23.2% of adult
126and 17.5% of pediatric subjects. Sixty two (12.2%) subjects developed community-acquired
127bacterial co-infection and 52 (10.3%) subjects developed hospital-acquired bacterial co128infection. Of the patients who developed community-acquired and hospital-acquired bacterial co129infections, 15/62 (24.2%) and 14/52 (26.9%), respectively, had no significant comorbid
130conditions.
131

There were 129 total bacterial isolates cultured from the 507 patients in our cohort (Table

1322), including 26 (20.2%) methicillin resistant S. aureus (MRSA), 21 (16.3%) methicillin
133susceptible S. aureus (MSSA), 20 (15.5%) Enterobacteriaceae species, 18 (14.0%)
134Pseudomonas species, 7 (5.4%) S. pneumoniae and 37 (28.7%) other species (Table 2). S. aureus
135susceptibilities are displayed in Figure 1. Of the MRSA isolates, all were susceptible to
136trimethoprim-sulfamethoxazole, 96.2% to tetracycline, 56% to clindamycin and 20.8% to
137erythromycin.
138

S. aureus was the most prevalent species among both community- (43.7%) and hospital-

139acquired (27.6%) pathogens (Table 3 and Figure 2). The prevalence of S. aureus was lower
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140among hospital-acquired co-infections as compared with community-acquired co-infections. In
141contrast, the prevalence of Enterobacteriaceae and Pseudomonas sp. was higher among hospital142acquired bacterial co-infections (19.0% and 19.0%, respectively) as compared to community143acquired bacterial co-infections (12.7% and 9.9%, respectively). S. pneumoniae, H. influenzae
144and S. pyogenes were not isolated among hospital-acquired pathogens but were present among
145community-acquired co-infections (9.9%, 4.2%, and 2.8%), respectively.
146

Patient characteristics associated with development of bacterial co-infection among

147adults (> 17 years of age) in bivariable analyses are shown in Table 4. The number of children in
148our cohort who developed a bacterial co-infection was too small to assess for risk factors for co149infection. Characteristics independently associated with the development of bacterial co150infection in adults included absence of cardiovascular disease (OR 0.41 [0.23-0.73], p = 0.003),
151leukocytosis at ICU admission (>11 K/μl, OR 3.7 [2.2-6.2], p < 0.001; reference: normal WBC
1523.5-11 K/μl) and elevated SOFA score at ICU admission (for each increase by 1 in SOFA score,
153OR 1.1 [1.0-1.2], p = 0.001).
154

Of the patients co-infected with a bacterial pathogen, 34 (29.8%) died, and of the patients

155not co-infected with a bacterial pathogen, 63 (16.0%) died. Bacterial co-infected patients were
156significantly more likely to die (OR 2.2 [1.4-3.6], p=0.001) than patients not co-infected with a
157bacterial pathogen in univariable analysis. When controlling for disease severity by the SOFA
158score, patients co-infected were still more likely to die (OR 1.8 [1.1-3.1], p=0.024). Patients co159infected with S. aureus were not more likely to die than patients with other bacterial co160infections in univariable analysis (OR 1.1 [0.49-2.5], p=0.8) or when controlling for SOFA score
161(OR 1.1 [0.5-2.7], p=0.75). Patients who had a bacterial co-infection had a longer hospital stay
162(26.5 days vs 13.6 days; p<0.0001), had a longer ICU stay (14.6 days vs 7.9 days; p=0.003) and
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163had a greater delay in the initiation of administration of an antiviral (6.9 days vs 5.3 days;
164p=0.02) than patients without bacterial co-infection. Each of these last three outcomes were not
165significant, however, when controlling for the admission SOFA score.
166

Autopsy data, available for only 12 subjects, revealed that four (25%) had bacterial

167superinfection, of whom three had known bacterial co-infection from cultures obtained prior to
168death (all with S. aureus). One did not have a causative organism cultured.
169

Viral respiratory co-infections were identified in 23/507 (4.5%) of patients. The viral

170pathogens included 8/23 (34.8%) rhinovirus/enterovirus, 4/23 (17.4%) respiratory syncytial
171virus, 3/23 (13.0%) each adenovirus, coronavirus and parainfluenza virus and 2/23 (8.7%)
172human metapneumovirus. Patients with viral co-infection were more likely to have leukemia
173(p=0.004), lymphoma or myeloma (p<0.001), a history of transplantation (p<0.001) and to have
174received chemotherapy in the previous six months (p=0.007) in bivariable analysis. Nine
175(39.1%) patients with viral co-infection died. Patients with a viral co-infection were significantly
176more likely to die (OR 3.1 [1.3-7.4], p = 0.010) than patients without a viral co-infection in
177bivariable analysis. When controlling for underlying comorbidities of leukemia, lymphoma,
178myeloma and transplantation, patients with viral co-infection were not significantly more likely
179to die (OR 0.78 [-0.13-1.7], p = 0.094).
180
181DISCUSSION
182

In patients with severe influenza infection during 2013-2014, the first postpandemic

183season in the U.S. in which influenza A (H1N1) pdm09 was the predominant circulating
184influenza strain, respiratory co-infections were common, were associated with higher mortality.
185They resulted in increased resource allocation, as defined by longer hospital and ICU stay,
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186although this was not significant when accounting for admission SOFA score. In this study of
187507 patients with severe influenza, 22.5% had bacterial co-infection and 4.5% had viral co188infection. Of the 99 patients who died, more than one-third had a bacterial co-infection. S.
189aureus was the most prevalent species causing respiratory bacterial co-infection, and MRSA was
190the most common community-acquired pathogen. This supports the idea that S. aureus has a
191synergistic relationship with influenza A (H1N1) pdm09, even for people in the community.
192Patients with bacterial co-infection were less likely to have cardiovascular disease, were more
193likely to have leukocytosis on ICU admission and tended to have a higher ICU admission SOFA
194score.
195

In our cohort, among the 22.5% of patients with a bacterial co-infection, 12.2% had

196community-acquired and 10.3% had hospital-acquired co-infections. Our rates were lower than
197those reported in the 2009-2010 season. During that pandemic year, rates of 17.5-25% for
198community-acquired co-infections and 33% for combined community- and hospital-acquired co199infections were reported although the criteria for defining a co-infected patient varied by study
200(18-20). Four (25%) out of 12 autopsies in our cohort showed evidence of bacterial pneumonia,
201but one of these four patients did not have a positive culture despite collection of respiratory and
202blood cultures. Our recorded 30-day incidence of bacterial co-infection may therefore be an
203underestimate, reflecting the poor sensitivity of lower respiratory cultures in the setting of
204empiric antimicrobial therapy.
205

Bacterial co-infection was associated with higher mortality. This is despite the fact that

20692.1% of our cohort received antibacterial drugs during hospitalization. The pathogenesis of
207influenza and bacterial co-infection is synergistic and complex. The disease process involves
208numerous viral and bacterial virulence factors interacting with the host immune system and
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209adversely affecting respiratory physiology. In pandemic seasons, compared with usual epidemic
210seasons, a high proportion of the mortality from influenza infection, often complicated by
211bacterial co-infection, occurs in young, previously healthy people as a result of an aberrant
212immune response to the virus (23).
213

S. aureus was the most common species isolated in our cohort. In a 2009 study on co-

214infections in severely ill patients with influenza A (H1N1) pdm09 infection in 35 U.S. ICUs, S.
215aureus was also found to be the most common bacterial pathogen (10). S. pneumoniae, H.
216influenzae and S. pyogenes were all also present among community-acquired pathogens but
217surprisingly, P. aeruginosa was more common than any of these species. P. aeruginosa is
218increasingly being described as a co-pathogen with influenza (24). As expected, we recorded a
219high prevalence of Gram negative co-infections among hospital-acquired infections. In our
220cohort 31.3% of hospital-acquired co-infections were due to S. aureus and 19.4% were due to
221each Pseudomonas species and Enterobacteriaceae. In studies evaluating the agents of hospital222acquired bacterial pneumonia without an underlying influenza infection, 14-28% have been
223attributed to S. aureus, 16-34% have been attributed to P. aeruginosa and 19-35% have been
224attributed to Enterobacteriaceae (25). The prevalence of S. aureus among hospital-acquired
225bacterial co-infections in our cohort was slightly higher than what would be expected in patients
226without influenza infection.
227

Co-infection resulted in greater resource allocation as measured by hospital length of stay

228and ICU length of stay in bivariable but not multivariable analysis. Moreover, time from
229symptom onset to administration of an antiviral effective against influenza was delayed in co230infected patients in bivariable but not multivariable analysis. A number of studies have shown an
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231association between early effective antiviral use in influenza infection and reduced ICU
232admission and mortality, suggesting that the delay in our cohort may have been detrimental (26).
233

Risk factors for bacterial co-infection included lack of cardiovascular disease as well as

234leukocytosis and increased SOFA score on ICU admission. It is unclear why cardiovascular
235disease appeared to be protective in our cohort; it may be that statin use confers anti236inflammatory and immunomodulatory effects that may reduce risk of co-infection. This possible
237association warrants further study.
238

Viral co-infection was associated with increased mortality in our cohort in bivariable but

239not in multivariable analysis when controlling for underlying comorbidities. Studies evaluating
240this previously have been mixed (27-29). The association between viral co-infection and
241mortality require further research.
242

Our study had several limitations. The majority of subjects were treated at U.S. tertiary

243care centers; thus, our findings may not be generalizable to any population of severely ill
244influenza patients. We did not include subjects admitted after April 1, 2014. Therefore, we did
245not include the final part of the influenza season, likely excluding disproportionately patients
246with severe influenza B infection, who may experience a different risk of bacterial and viral co247infection from influenza A (H1N1) pdm 09 patients. Management of patients and bacterial
248identification and susceptibility testing was not standardized. Rapid diagnostic testing may have
249resulted in some missed cases of influenza among ICU patients. However, this was the sole
250method used in only 3 of 33 studied hospitals. While we used a standardized data collection
251form, some variables were not available for some subjects. Finally, as a retrospective study,
252selection bias and immortal time bias may have affected our choice of subjects and our analysis,
253respectively.
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254

This study highlights the importance of bacterial co-infection in the pathogenesis of

255severe influenza infection. Preventive measures to address co-infection include ensuring high
256rates of influenza, S. pneumoniae and H. influenzae vaccination, appropriate timing of antivirals
257and early and appropriate antibiotic therapy targeting MRSA and Pseudomonas. Therapy
258targeting MRSA particularly in cases of community-acquired pneumonia is important.
259Understanding the complex and synergistic relationship between bacteria and influenza is vital in
260decreasing mortality in future seasonal and pandemic influenza seasons.
261
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373Figure legend:
374Figure 1: Antibiogram of Staphylococcus aureus isolates (n=47) from co-infections, showing the
375percent that were resistant or intermediate to selected antibacterial drugs from 47 patients with
376severe influenza in the U.S. between September 1, 2013 and April 1, 2014.
377Figure 2: Percentage of community-acquired and hospital-acquired co-infections attributed to
378Staphylococcus aureus, Enterobacteriaceae and Pseudomonas sp. among 507 patients with
379severe influenza in the U.S. between September 1, 2013 and April 1, 2014.
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