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 P   ,  .05) at admission. No differences in comorbidi-
ties were observed. Additional demographic data and 
clinical characteristics of patients with A(H1N1) with 
and without CARC are presented in  Table 2  .  Table 3   
displays the comparison of comorbidities for patients 
with or without CARC in the fi ve pathogens more 
frequently isolated. No differences in comorbidities 
were observed except for  Aspergillus  spp, which was 
more frequently isolated in COPD patients. 

 Patients with CARC required vasopressors (63.7% 
vs 39.3%,  P   ,  .05) and invasive mechanical ventilation 
(69% vs 58.5%,  P   ,  .05) more frequently than those 
who did not present ( Table 4  ). The incidence of 
hospital-acquired pneumoniae (n  5  53, 9.1%) was 
not signifi cantly different between the two groups 
(9.1% vs 9.2%,  P   5  .9). Length of ICU stay in survi-
vors was 3 days longer in patients who had CARC 
compared with patients who did not (11 [IQR 5-23] 
vs 8 [IQR 4-17] days,  P   5  .01). 

 Empiric antiviral treatment was administered in 
620 of the 645 patients (96.1%) and was less fre-
quently administered in patients with CARC (97.0% 
vs 92.0%,  P   ,  .05) and with a delayed administration 
(5.3  6  3.7 vs 4.5  6  2.7  P   ,  .05). Empiric antibiotic 
therapy was administered in all patients; however, 
empiric antifungal therapy was administered in only 
one patient who presented CARC with  Aspergillus  spp. 
CARC was associated with increased ICU mortality 
(26.2% vs 15.5%; OR, 1.94; 95% CI, 1.21-3.09); When 
ICU mortality was investigated according to pathogen, 
only  Aspergillus  spp was signifi cantly associated with 
increased ICU mortality in the multivariate analysis 
(50.0% vs 18.4%; OR, 4.42; 95% CI, 1.26-15.54). A Cox 

 Statistical Analysis 

 Discrete variables are expressed as counts (percentage) and 
continuous variables as means  6  SD or medians with 25th to 75th 
interquartile range (IQR). For the demographic and clinical char-
acteristics of the patients, differences between groups were 
assessed using the  x  2  test and the Fisher exact test for categoric 
variables and the Student  t  test or Mann-Whitney  U  test for con-
tinuous variables. Cox proportional hazards regression analysis 
was used to assess the impact of independent variables on ICU 
mortality across time. Variables signifi cantly associated with mor-
tality in the univariate analysis were entered in the model. To 
avoid spurious associations, variables entered in the regression 
models were those that showed a relationship in univariate analy-
sis ( P   �  .05) or a plausible relationship with the dependent vari-
able. Results are presented as hazard ratio (HR) and 95% CI. 
Potential explanatory variables were checked for colinearity prior 
to inclusion in the regression models using the tolerance and vari-
ance infl ation factor. Data analysis was performed using SPSS 
for Windows, version 15.0 (SPSS, Inc; Chicago, Illinois). 

 Results 

 Six hundred forty-fi ve ICU patients with A(H1N1) 
virus infection with severe respiratory failure in 
148 hospitals in Spain were analyzed in this study. 
All patients were confirmed by real-time PCR for 
A(H1N1) and were being cared for in an ICU. Median 
days from symptoms onset to hospital admission and 
days from hospitalization to ICU admission were 
4 and 1, respectively. Of these patients, 356 were men 
(55.2%) with a median age of 43 (IQR 34-54) years, 
and 555 (86%) were younger than 60 years. The mean 
APACHE II score was 13.8  6  7.2 and the mean SOFA 
score was 5.6  6  3.6 on admission. Comorbidities were 
present in 449 patients (69.6%). Obesity (n  5  209; 
36.5%), COPD (n  5  90; 15.7%), and asthma (n  5  70; 
12.2%) were the main comorbidities reported. 

 Primary viral pneumonia was documented in 
354 patients (54.8%). In 113 patients (17.5%), another 
pathogen was isolated at ICU admission and patients 
were considered to have CARC. Quantitative endotra-
cheal aspirate in 65.5%, urinary antigen in 23%, blood 
cultures in 6.2%, serology in 4.4%, and pleural fl uid 
culture in 0.9% tested positive in the patients where 
CARC was documented. Postmortem studies were 
available in only 13 patients (2.3%).  S pneumoniae  in 
62 patients (54.8%) was identifi ed as the most prevalent 
bacteria, followed by  S aureus  in nine patients (8%). 
 Aspergillus  spp was identifi ed from deep respiratory 
samples in 10 patients (8.8%), six presented halo or 
an air-crescent sign considered probable on CT scan, 
and two had confi rmed lung histopathology (defi nite). 
 Table 1   details the prevalence of pathogens isolated 
in patients with coinfection. 

 Patients with CARC were older (47.5  6  15.7 
vs 43.8  6  14.2 years,  P   ,  .05) and presented a higher 
score on the APACHE II (16.1  6  7.3 vs 13.3  6  7.1, 
 P   ,  .05) and SOFA scores (7.0  6  3.8 vs 5.2  6  3.5, 

 Table 1— Pathogens Isolated in Patients With A(H1N1) 
Virus Infection   With CARC  

Pathogens No. % Defi nitive Probable Unproven

 Streptococcus   pneumoniae 62 54.8 6 56 …
 Aspergillus sp 10 8.8 2 a 6 b 2
 Pseudomonas aeruginosa 9 8.0 … 9 …
 Staphylococcus aureus  c 9 8.0 2 7 …
 Streptococcus pyogenes 6 5.3 … 6 …
 Acinetobacter baumannii 4 3.5 … 4 …
 Klebsiella pneumoniae 4 3.5 … 4 …
 Haemophilus infl uenza/
 Moraxella catarrhalis 

3 2.6 … 3 …

 Legionella pneumophila 2 1.8 1 1 …
 Enterococcus faecium 1 0.9 … 1 …
 Escherichia coli 1 0.9 … 1 …
 Chlamydophila 
 pneumoniae 

1 0.9 1 … …

 Mycoplasma
 pneumoniae 

1 0.9 1 … …

A(H1N1)  5  pandemic 2009 infl uenza A(H1N1); CARC  5  community-
acquired respiratory coinfection.
 a Histopathologic confi rmation.
 b CT scan fi ndings compatible with invasive Aspergilosis.
 c None methicillin-resistant  Staphylococcus aureus .



558 Original Research

illness and  S pneumoniae  CARC. Interestingly, the 
association with severity was not further explored with 
mortality. In our study, mortality was not increased 
in patients who presented with coinfection. This fact 
reinforces the role of the virus in causing critical ill-
ness and, as a consequence, the potential importance 
of pandemic vaccination. 

 In an analysis of lung tissue specimens from 77 con-
fi rmed fatal cases of A(H1N1) in the United States in 
which deaths occurred from May 1 to August 20, 2009, 
CARC was present in 22 cases (29%). Of the 22 cases 
with CARC, 10 were caused by  S pneumoniae , seven 
by  S aureus , six by  S pyogenes , two by  Streptococcus 
mitis , and one by  H infl uenzae . In four cases there were 
multiple pathogens. These fatal cases were defi ned as 
infl uenza-like illness or by postmortem fi ndings, sug-
gesting viral pneumonia and laboratory-confi rmed 
A(H1N1) by real-time reverse-transcriptase PCR. 
Nevertheless, this information should be evaluated 
cautiously because this report summarized cases 
that did not come from a systematic sample and 
might not be representative of all A(H1N1) deaths 
or all A(H1N1) deaths associated with bacterial pneu-
monia. Moreover, not all potential pathogens were 
evaluated, patient information was limited, and eval-
uation of coinfections was performed at autopsy. Our 
fi ndings are similar to those in this report in terms 
of coinfection with common bacterial pathogens: 
 S pneumoniae  and  S aureus.  Additionally, group A 
streptococci are a rare but severe cause of community-
acquired pneumonia  31   and have been associated with 
fatal cases of infl uenza.  11   In our series, group A strep-
tococci represented 5.3% of the coinfections. 

 In our study,  S aureus  coinfection was present in 
8% of patients and was the third most frequently 

regression analysis adjusted by severity (APACHE II 
score) and the presence of comorbid conditions did 
not identify that coinfection was signifi cantly associ-
ated with ICU mortality (HR, 1.18; 95% CI, 0.76-1.84; 
 P   5  .45) ( Fig 1  ). Similar results were observed when 
adjusting for the most frequent pathogens isolated 
and when patients with  Aspergillus  spp isolation were 
excluded. In addition, early vs late differences in mor-
tality were analyzed to evaluate the impact of 15-, 30-, 
and 60-day mortality, and no differences were noted 
(HR, 1.24, 95% CI, 0.72-2.13; HR, 1.16, 95% CI 
0.72-1.87; HR, 1.19, 95% CI, 0.76-1.86, respectively). 

 Discussion 

 The main fi nding of this study is that the presence 
of CARC in patients hospitalized with a severe pre-
sentation of A(H1N1) was uncommon.  S pneumoniae  
accounted for more than one-half of the episodes of 
coinfection. Although it was not associated with sig-
nifi cantly increased mortality rates, coinfection was 
associated with longer and greater resource consump-
tion, as defi ned by longer ICU stay. 

 The fatal outcome of A(H1N1) infection  1-5   is deter-
mined partly by the degree to which the infl uenza 
virus depresses local and general pulmonary defense 
mechanisms, and partly by the virulence and nature 
of the bacteria that invade the tissues in the wake of 
the specifi c virus. There is some controversy about 
the presence of coinfection and its association with 
severity. Although previous reports failed to prove 
such a correlation,  27-29   Palacios et al  30   studied swab 
samples from 199 patients affected by A(H1N1) and 
discovered an association with A(H1N1) severity of 

 Table 2— Comparison of Demographic and Clinical Characteristics Among Patients With A(H1N1) 
Virus Infection With or Without CARC  

Variables Only A(H1N1) (n  5  532) Coinfection (n  5  113)  P  Value

Age, y 43.8  6  14.2 47.58  6  15.7 .01
Days from symptoms onset to hospital admission, median (IQR) 2 (4-5.75) 2 (4-5) .9
Days from hospitalization to ICU admission, median (IQR) 1 (1-2) 1 (1-2) .9
Male sex 287 (53.9) 69 (61.1%) .1
APACHE II score 13.3  6  7.1 16.1  6  7.3 .001
SOFA score 5.2  6  3.5 7.0  6  3.8 .001
COPD 81 (15.2) 22 (19.5) .2
Asthma 66 (12.4) 13 (11.5) .8
CHF 38 (7.1) 8 (7.1) .9
Chronic renal disease 26 (4.9) 2 (1.8) .2
DM 64 (12.0) 13 (11.5) .9
Obesity 108 (20.3) 20 (17.7) .6
Autoimmune disorders 18 (3.4) 2 (1.8) .5
Hematologic disease 33 (6.2) 7 (6.2) .9
Neuromuscular disease 21 (3.9) 4 (3.5) .9
HIV infection 12 (2.3) 5 (4.4) .8

Data are presented as mean  6  SD or No. (%), unless indicated otherwise. APACHE  5  Acute Physiology and Chronic Health Evaluation; CHF  5  chronic 
heart failure; DM  5  diabetes mellitus; IQR  5  interquartile range; SOFA  5  Sequential Organ Failure Assessment. See Table 1 legend for expansion 
of other abbreviations.
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easy, although understanding it is important for devel-
oping strategies for clinical management. Patients 
affected by A(H1N1) infection have an abnormal 
immune response. Bermejo-Martin et al  33   recently 
reported that severe A(H1N1) infection with respira-
tory involvement is characterized by an early secre-
tion of Th17 and Th1 cytokines usually associated 
with cell-mediated immunity. Additionally, To et al  34   
demonstrated a slower control of viral load and 
immunodysregulation (excessive cytokine activation) 
in patients with severe presentation (ARDS-death 
group) when compared with a mild-disease group. 
Bacteria, fungi, and viruses are all potential invaders 
in immunosuppressed patients. Moreover, fungal 
infection represents a signifi cant cause of morbid-
ity and mortality. The lifelong immunosuppression 
they undergo makes them vulnerable to nosoco-
mial, endemic, and newly recognized fungal patho-
gens. Finally, the cause of the synergy between the 
infl uenza virus and CARC is poorly understood. Stud-
ies in animal models have proposed that pathologic 
changes were initiated by the infectious agents and 
regulated by host immune responses, including the 
Toll-like receptor-mediated signaling pathway. Con-
centrations of tumor necrosis factor- a , IL-6, mac-
rophage infl ammatory protein 2 (functionally similar 
to IL-8 in humans), and regulated on activation, nor-
mal T expressed and secreted increased signifi cantly 
in the lungs of coinfected animals.  35   

 In our series, an association with  Aspergillus  spp coin-
fection and COPD was observed. The role of such 
pathogens in COPD patients has been documented 
previously, with one result an increased mortality.  36   
Invasive  Aspergillus  infection is extremely rare in 
the presence of normal immunity. Patients with COPD 
may be at risk of developing pulmonary  Aspergillus  
infection. In the present study, only one patient who 
presented with CARC with  Aspergillus  spp received 
empiric antifungal therapy. Therefore, CARC with 
 Aspergillus  spp should be considered a diagnostic 

isolated bacteria, but none was methicillin-resistant 
 S aureus  (MRSA). A retrospective study of infl uenza-
related childhood deaths in the United States in the 
2003-2004 season found  S aureus  to be the most 
common bacterial agent, accounting for 46% of isolates, 
 .  50% of which were MRSA.  11   Surveillance for severe 
infl uenza-related  S aureus  community-acquired pneu-
monia in the United States during the 2003-04 sea-
son recorded 17 cases (88% MRSA) and fi ve deaths 
(four with MRSA), and a median age of 21 years  32  ; 
laboratory evidence of infl uenza infection was avail-
able for  ' 75%. 

 Interestingly, in 10 patients (two defi nite fatal 
infections),  Aspergillus  spp, and in nine patients, 
 Pseudomonas aeruginosa , were isolated from deep 
respiratory samples. In the present study, patients 
with CARC were older. Ageing has been considered 
a contributor to CARC on the basis of deteriorated 
immune response. Despite the fact that mortality 
after day 20 seemed to split in the survival analysis, 
this difference was not statistically signifi cant when 
adjusting for potential confounders, including age 
and comorbid conditions. This suggests that coinfec-
tion may be a marker for more vulnerable patients. In 
addition, determining the role played by the immune 
response in combating severe viral infections is not 

 Table 3— Comparison of Comorbidities and Mortality in Patients With A(H1N1) Virus Infection With 
CARC According to the Five Pathogens More Frequently Isolated  

Variables  S pneumoniae  (n  5  62)  Aspergillus  sp (n  5  10)  S aureus  (n  5  9)  P aeruginosa  (n  5  9)  S pyogenes  (n  5  6)

COPD 13 (21) 4 (40) a 0 2 (22.2) 1 (16.7)
Asthma 9 (14.5) 3 (30) 0 0 0
CHF 5 (8.1) 1 (10) 0 0 0
Chronic renal disease 1 (1.6) 0 0 1 (11.1) 0
DM 9 (14.5) 2 (20) 0 2 (22.2) 0
Obesity 9 (14.5) 4 (40) 1 (11.1) 1 (11.1) 0
Autoimmune disorders 1 (1.6) 0 0 0 0
Hematologic disease 5 (8.1) 1 (10) 0 0 0
Neuromuscular disease 3 (4.8) 0 0 1 (11.1) 0
HIV 3 (4.8) 1 (10) 0 0 1 (16.7)
ICU mortality 13 (21.0) 5 (50) a 1 (11.1) 4 (44.4) 2 (33.3)

Data are presented as No. (%). See Table 1 and 2 legends for expansion of abbreviations.
 a  P   ,  .05.

 Table 4— Initial Treatment Among Patients With 
A(H1N1) Virus Infection With or Without CARC  

Variables
Only A(H1N1) 

(n  5  532)
Coinfection 

(n  5  113)  P  Value

Invasive mechanical 
 ventilation

311 (58.5) 78 (69.0)  ,  .05

Vasopressor drugs 209 (39.3) 72 (63.7)  ,  .01
Hemofi ltration 33 (6.2) 12 (10.6) .1
Dialysis 13 (2.4) 6 (5.3) .1
Prone positioning 70 (13.2) 14 (12.4) .9
Corticosteroids 220 (41.4) 47 (41.6) .9

Data are presented as No. (%). See Table 1 legend for expansion of 
abbreviations.
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identifi cation, including aspergillosis, were not stan-
dardized, and were mainly based on tracheal aspi-
rate obtained immediately after intubation rather than 
on invasive techniques. During the 2009 pandemic, 
BAL was not performed systematically because of the 
high risk of generating aerosols. The use of broncho-
scopic lavage, protected specimen brushing, or  trans -
bronchial or  trans -thoracic lung biopsies have potential 
risks in severe hypoxemic intubated patients and are 
uncommon for standard management of patients with 
severe community-acquired pneumonia.  17,37   Neverthe-
less, such invasive techniques are indicated in superin-
fections or nonresolving pneumonia.  38   In addition, the 
implementation of postmortem studies was margin-
ally implemented; therefore, defi nitive diagnosis for 
 Aspergillus  spp was confi rmed in two patients. Finally, 
the isolation of other types of infl uenza viruses was 
not investigated, but during the present pandemic, 
99% were influenza A: 0.03% influenza A(H1); 
0.07% A(H1N1); 0.125 infl uenza A(H3); 0.3% infl u-
enza A(H3N2), and 99% A(H1N1); the other infl u-
enza viruses were 1.2% influenza B and 0.09% 
infl uenza C.  39   Several authors  40   have reported the 
presence of a lethal synergism between seasonal 
infl uenza virus and  S pneumoniae , which likely 

possibility in patients with nonresolving A(H1N1). 
Nevertheless, because the diagnosis of defi nitive inva-
sive aspergillosis requires histopathologic confi rma-
tion, further investigation should be carried out to 
determine the exact impact of such pathogens. 

 The present study has several potential limitations 
that should be addressed. First, this was an observa-
tional, noninterventional study in which detailed causes 
of death were not recorded. Second, the diagnosis 
of viral infection was based on nasopharyngeal-swab 
where the determination of viral load measurement 
was not performed. It has been reported that nasal 
PCR can remain positive for weeks after clinical reso-
lution of A(H1N1). Because viral lung infection was not 
documented, we cannot really be sure which episodes 
were coinfection and which were bacterial infection fol-
lowing an earlier A(H1N1) infection. However, within 
the 8 weeks’ peak of the 2009 pandemic, most patients’ 
clinical presentation, CT scans, and biomarkers 
(eg, lactate dehydrogenase), were all consistent with 
viral pneumonia. Third, only adults admitted to Span-
ish ICUs were included; therefore, our results might 
not be generalized to other countries or to children. 

 Prescription practices were chosen in accordance 
with local protocols. Similarly, techniques of pathogen 

  Figure  1. Cox regression analysis for patients who presented or did not present with community-acquired respiratory coinfection 
and were infected with pandemic 2009 infl uenza A(H1N1). (Censored at 60 days.) H1N1  5  pandemic 2009 infl uenza A(H1N1); 
CARC  5  community-acquired respiratory coinfection.   
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accounts for excess mortality from secondary bacterial 
pneumonia during infl uenza epidemics. This effect 
was specifi c for viral infection preceding bacterial 
infection. This was not shown in the present study. 

 Conclusions 

 In summary, we report that CARC was uncommon 
among patients with A(H1N1) in the ICU. We docu-
mented a statistically signifi cant association between 
bacterial coinfection and higher health-care resources 
consumption, but there was not a statistically sig-
nifi cant association between bacterial coinfection and 
ICU mortality. Whereas  S pneumoniae  was present 
in more than one-half of coinfection episodes, sug-
gesting that they would be prevented by widespread 
pneumococcal vaccination, our fi ndings reinforce the 
role of the virus in causing critical illness. 
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