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Dear Editor,
In a recent study, we reported the metabolic alterations 
related to acute respiratory distress syndrome (ARDS) 
in patients with influenza A pneumonia (IAP) [1]. We 
hypothesized that other types of acute lung injury caus-
ing ARDS may share the same metabolic alterations. As 
proof of concept, we have analyzed the metabolomic 
profiles of patients with and without ARDS induced 
by Streptococcus pneumoniae (SPP) (ARDS = 13; no 
ARDS = 17) or IAP (ARDS = 12; no ARDS = 18). Some 
of the results of these studies have been previously 
reported in the form of an abstract [2]. Patients with 
SPP were older (p < 0.05) and presented more often with 
renal failure (p < 0.05) (Table-S1). Serum samples were 
obtained within 24  h of presentation to the emergency 
department, before starting mechanical ventilation, and 
examined by nuclear magnetic resonance spectroscopy, 
as previously described [1, 3]. We quantified 16 charac-
teristic serum metabolites, and statistical significance 
was determined using a Bonferroni-corrected Student t 
test, assuming unequal variance, with p < 0.05 considered 
significant.

Principal component analysis (PCA) [4] (Fig.  1a) dif-
ferentiated patients with and without ARDS, irrespective 
of the infectious pathogen, indicating that ARDS induces 
adaptations in similar molecular pathways regard-
less of the etiology. When we focused on SPP patients, 
PCA (Fig.  1b) provided nearly perfect discrimination 
between patients with and without ARDS, as we had 

observed previously in IAP patients [1]. Patients with 
ARDS showed lower serum concentrations of glucose 
(−41%, p < 0.01), alanine (−45%, p < 0.05), methylhisti-
dine (−47%, p < 0.001), fatty acids (−40%, p < 0.001), cit-
rate (−25%, p < 0.05), creatine (−40%, p < 0.05), creatinine 
(−20%, p < 0.05) and valine (−20%, p < 0.05), whereas ace-
tone (100%, p < 0.05) concentration increased. These find-
ings are in line with our previous findings in IAP patients 
with and without ARDS [1], and indicate impairment of 
normal cell energy production [5].

Additionally, the metabolomic fingerprints of ARDS 
patients with IAP or SPP were compared to identify spe-
cific metabolic biomarkers of the pathogen responsible 
for ARDS (Fig.  1c). Increased levels of glutamine (37%, 
p < 0.01), methylguanidine (88%, p < 0.001) and phenyla-
lanine (56%, p < 0.01), previously identified as biomark-
ers of ARDS induced by IAP, may indicate a specific 
metabolic pattern of this infection. Alterations in lac-
tate (−184%, p < 0.01) and creatine (−43%, p < 0.05) may 
be considered a metabolic pattern of SPP. We have also 
detected significant differences in common metabolic 
alterations, such as glucose (60%, p < 0.01), methylhisti-
dine (29%, p < 0.01) and alanine (−79%, p < 0.05), that may 
indicate greater inflammatory response and energetic 
requirements in SPP. The specific metabolic fingerprint 
was then used to develop a partial least squares model [4] 
for the identification of the etiological pathogens respon-
sible for ARDS (identification success of 93.0 ± 8.3%, sen-
sitivity 81.1 ± 9.2% and specificity 93.6 ± 7.6%). However, 
this must be interpreted considering that the populations 
being compared differed in age and prevalence of com-
plications (Table  S1). Also, differences between the two 
groups with regard to other variables, such as the influ-
ence of the environment, nutrition, medication or dura-
tion of illness prior to hospital presentation, may explain 
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some of the differences found here, rather than the 
etiology.

In summary, the findings from our pilot study, showing 
that there are common metabolic alterations in ARDS 
regardless of its etiology, require further investigation.
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Fig. 1  a Score plot of PCA performed on the NMR data of serum 
samples from patients diagnosed with S. pneumoniae pneumonia 
(open triangle) and H1N1 influenza virus (open square), with ARDS 
(black) and without ARDS (red); b score plot of PCA performed on 
the NMR data of serum samples from patients diagnosed with S. 
pneumoniae pneumonia with ARDS (black) and without ARDS (red); 
c score plot of PCA performed on the NMR data of serum samples 
from patients with ARDS induced by S. pneumoniae (open triangle) or 
H1N1 influenza virus (open square)
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