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Abstract Purpose: To examine
whether, in an adult intensive care
unit (ICU), procalcitonin or C-reac-
tive protein (CRP) levels
discriminated between 2009 H1N1
influenza infection and community-
acquired pneumonia of bacterial
origin. Methods: A retrospective
observational study performed at an
Australian hospital over a 4-month
winter period during the 2009 H1N1
influenza pandemic. Levels on
admission of procalcitonin and CRP
were compared between patients
admitted to the ICU with community-
acquired pneumonia of bacterial and
2009 H1N1 origin. Results: Com-
pared to those with bacterial or mixed
infection (n = 9), patients with 2009
H1N1 infection (n = 16) were
significantly more likely to have
bilateral chest X-ray infiltrates, lower
APACHE scores, more prolonged
lengths of stay in ICU and lower
white cell count, procalcitonin and
CRP levels. Using a cutoff of
[0.8 ng/ml, the sensitivity and spec-
ificity of procalcitonin for detection
of patients with bacterial/mixed
infection were 100 and 62%,

respectively. A CRP cutoff of
[200 mg/l best identified patients
with bacterial/mixed infection
(sensitivity 100%, specificity 87.5%).
In combination, procalcitonin levels
[0.8 ng/ml and CRP [200 mg/l had
optimal sensitivity (100%), specificity
(94%), negative predictive value
(100%) and positive predictive value
(90%). Receiver-operating character-
istic curve analysis suggested the
diagnostic accuracy of procalcitonin
may be inferior to CRP in this setting.
Conclusions: Procalcitonin
measurement potentially assists in the
discrimination between severe lower
respiratory tract infections of bacte-
rial and 2009 H1N1 origin, although
less effectively than CRP. Low
values, particularly when combined
with low CRP levels, suggested
bacterial infection, alone or in com-
bination with influenza, was unlikely.
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Introduction

Within months of the detection of 2009 H1N1 influenza
virus in North America, Australia experienced the rapid
spread of the virus within the community. The burden of
disease on hospitals and in particular intensive care units

(ICU) was considerable [1]. Epidemiological and animal
model data suggest that 2009 H1N1 may be more virulent
than seasonal strains of influenza [2].

Procalcitonin is a novel biomarker with potential use
for diagnostic and prognostic purposes. Under normal
physiological conditions, its release from the thyroid gland
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assists in maintenance of calcium homeostasis. By con-
trast, release of lipopolysaccharide and cytokines (e.g.
TNF alpha, interleukin-1, interleukin-6) during bacterial
infection upregulate its expression from a variety of sites,
including the liver, kidney and monocytes [3]. Compared
to clinical features, radiological findings or traditional
markers such as white cell count (WCC) or C-reactive
protein (CRP), procalcitonin measurement may be a better
means of distinguishing between viral and bacterial
infections [4], and hence the need for antibiotic therapy
[5]. However, in the respiratory setting, studies to date
have focused on children [6] and less severe disease [7],
and included few patients with influenza [8].

This study aimed to examine whether, on admission to
an adult ICU, procalcitonin levels and/or CRP discrimi-
nated between 2009 H1N1 influenza infection and
community-acquired pneumonia of bacterial origin.

Methods

The study was conducted in a 23-bed ICU at a 600-bed
tertiary hospital in Western Australia. The study design
was a retrospective observational study. All investigations
were carried out as part of the routine clinical management
of the patients, and patients were not identified. Ethics
approval was not required. All patients admitted to the ICU
between 10 May and 9 September 2009 with community-

acquired pneumonia were considered for the study. The
comparison was then limited to those with a microbio-
logically confirmed aetiology of 2009 H1N1 (positive viral
culture or polymerase chain reaction performed on a
respiratory specimen) or bacterial infection (culture of a
recognised pathogen from blood stream and/or lower
respiratory tract specimen, or seroconversion to Myco-
plasma/Chlamydophila/Legionella). Patients with mixed
2009 H1N1 and bacterial infection were grouped together
with those with bacterial infection. Demographic and
clinical data from the first 24 h admission to ICU were
collected from an existing database. Procalcitonin and CRP
measurements were routinely performed at least twice
weekly. Procalcitonin measurements were performed
using a VIDAS BRAHMS enzyme-linked fluorescent
assay (bioMerieux, France). The interpretative cutoff for
bacterial sepsis is considered to be greater than 0.5–2 ng/
ml in most studies [9]. CRP measurement was performed
using an Architect ci16200 latex-enhanced immunoturbi-
dimetric assay (Abbott Diagnostics, Abbott Park, IL).
During the study period the empiric management of all
patients admitted to the ICU with suspected pneumonia
(bacterial or viral) included anti-bacterial therapy.

The Fisher’s exact test was used to compare proportions
for categorical variables. For continuous variables, Stu-
dent’s t test and Mann-Whitney U test were used for
comparing parametric and non-parametric data, respec-
tively. Receiver-operator characteristic (ROC) curve
analysis was performed using GraphPad Prism version 5.02.

Table 1 Demographic, clinical and laboratory features of the two groups

Clinical and laboratory features 2009 H1N1 group
(n = 16)

Bacterial/mixed group
(n = 9)

P-value

Pathogen 2009 H1N1 influenza virus Streptococcus pneumonia (3),
Staphylococcus aureus (2),
Legionella pneumophilia (1),
Legionella longbeachae (1),
Streptococcus pyogenes (1),
Haemophilus influenzae (1)

Male 8 (50%) 5 (56%) 1.0
Age (years) (mean ± SD) 42 ± 17 45 ± 18 0.61
Pregnant 4 (25%) 0 (0%) 0.26
Significant co-morbidities 3 (17%) 1 (11%) 1.0
APACHE score (mean ± SD) 14.9 ± 4 20.8 ± 7 0.016a

Peak temperature (mean ± SD) 38.0 ± 1 38.1 ± 1 0.83
Bilateral (vs unilateral) infiltrate on chest X-ray 16 (100%) 4 (44%) 0.002a

PaO2/FiO2 ratio (mean ± SD) 102 ± 50 178 ± 162 0.169
ECMO 4 (25%) 0 (0%) 0.26
Nitric oxide 5 (31%) 1 (11%) 0.36
Renal replacement therapy 3 (19%) 3 (33%) 0.63
Initial WCC (x 109/l) (median, IQR) 6.8 (4.3–8.6) 15.9 (5.7–40.0) 0.02a

Initial C-reactive protein (mg/l) (median, IQR) 103 (71–140) 400 (270–425) 0.0001a

Initial procalcitonin (ng/ml) (median, IQR) 0.62 (0.21–5.9) 13.0 (8.2–81.5) 0.002a

Length of stay (ICU) (mean ± SD) 18 ± 10 12 ± 16 0.006a

Death in ICU 2 (12%) 0 (0%) 0.54

SD standard deviation, IQR inter-quartile range, APACHE acute
physiologic and chronic health evaluation, ECMO extracorporeal
membrane oxygenation

a Significant difference
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Results

During the study period, 25 patients were considered for
analysis. One patient with 2009 H1N1 infection had
mixed infection (blood culture positive for Streptococcus
pneumoniae). Separation of the patients according to
aetiology created two groups for comparison: 16 patients
with 2009 H1N1 infection (2009 H1N1 group) and 9 with
bacterial/mixed infection (bacterial/mixed group)
(Table 1). Three patients within the 2009 H1N1 group
remain in the ICU. Comparison of the 2009 H1N1 and
bacterial/mixed groups revealed the 2009 H1N1 group
was significantly more likely to have bilateral chest X-ray
infiltrates, lower APACHE scores, lower median white
cell counts and more prolonged lengths of stay in ICU.

Following admission to ICU, the median day on which
levels were first measured were day 2 [interquartile range
(IQR) 1–3] for procalcitonin and day 1 (IQR 1–1) for
CRP. Figure 1a, b demonstrates the initial procalcitonin
and CRP values in the two groups on admission to ICU.
In the 2009 H1N1 group, the median values for both
procalcitonin (0.62 vs. 13.0 ng/ml, P = 0.002) and CRP
(118 vs. 363 mg/l, P = 0.0001) were significantly lower
than in the bacterial/mixed group. A cutoff of[0.8 ng/ml
for procalcitonin best identified patients with bacterial/
mixed infection [sensitivity 100%, specificity 62.5%,
negative predictive value (NPV) 100%, positive predic-
tive value (PPV) 60%]. For CRP a cutoff of [200 mg/l
best identified patients with bacterial/mixed infection
(sensitivity 100%, specificity 87.5%, NPV 100%, PPV
82%). Figure 2 presents the corresponding ROC curves
for procalcitonin and CRP. The area under the ROC curve
was 0.88 for procalcitonin [95% confidence interval (CI)
0.73–1.01] compared to 0.97 for CRP (CI 0.92–1.03).
When used in combination, procalcitonin levels [0.8 ng/
ml and CRP [200 mg/l had optimal sensitivity (100%),
specificity (94%), NPV (100%) and PPV (90%) for the
detection of patients with bacterial/mixed infection.

The two patients within the 2009 H1N1 group who
died had higher mean procalcitonin values on admission
to ICU compared to those who survived (14.5 vs. 1.7 ng/
ml, P \ 0.0001).

Discussion

Experience using biomarkers as diagnostic and prognostic
adjuncts during influenza pandemics is lacking. Studies
describing the ability of procalcitonin or CRP to dis-
criminate between viral and bacterial infections have
included few patients with influenza or severe disease,
limiting their applicability to the scenarios currently faced
by intensivists. Animal models using the avian H5N1 or
recombinant 1918 H1N1 virus have shown dysregulated

cytokine production to be a feature during severe infec-
tion with these more virulent strains of influenza [10].
Although the interplay between cytokine production and
procalcitonin is complex [11], our findings suggest that
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Fig. 1 a Procalcitonin values on admission to ICU; b CRP values
on admission to ICU
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increased expression of this biomarker appears not to
occur despite significant viral associated pneumonitis, and
on occasions carditis and myositis. Interestingly, in a
small case series from Singapore [12], patients ventilated
because of severe SARS coronavirus infections demon-
strated procalcitonin levels of \1.0 ng/ml, comparable to
the results of our study.

The diagnostic utility of procalcitonin compared to
CRP is disputed. A recent meta-analysis concluded pro-
calcitonin was more accurate than CRP for the distinction
between viral and bacterial infections [13]; however,
performance may vary depending on microbial factors
[14], severity of disease [8], clinical syndrome [13] and
the cutoffs used [13]. In our study setting, when appro-
priate cutoffs were applied, both markers had potentially
useful negative predictive values; however, the lower
specificity of procalcitonin favoured CRP for identifica-
tion of patients with bacterial/mixed infection. Contrary
to previous attempts to use combinations of biomarkers to
improve differentiation between viral and bacterial
pneumonia [15], we found the combination of procalci-
tonin and CRP improved the distinction between the two
groups.

Our data suggested that 2009 H1N1-infected patients
with higher procalcitonin levels had a worse prognosis. In
the ICU setting, procalcitonin is known to have prog-
nostic value [11] and, when combined with clinical
judgement, may allow earlier cessation of antibiotic

therapy [16]. Given the tendency to administer both anti-
viral and anti-bacterial therapy to patients infected with
2009 H1N1, additional studies are required to determine
whether low procalcitonin levels could safely be used to
reduce antibiotic use in this setting.

Small sample sizes and the retrospective nature of our
study necessitate cautious interpretation of our results.
We also acknowledge that, by limiting our study to those
in whom a microbiologically confirmed viral or bacterial
diagnosis was made, we may have created a bias towards
two more easily discernible groups. Finally, an assess-
ment of the relative value of biomarkers may have been
enhanced by knowledge of their kinetics: a property
known to favour procalcitonin over CRP [17].

In conclusion, our study suggests that in adults, mea-
surement of procalcitonin levels assists in the
discrimination between severe lower respiratory tract
infection of bacterial and 2009 H1N1 origin, although less
effectively than CRP. Low values, particularly when
combined with low CRP values, suggest that bacterial
infection, either alone or in combination with influenza, is
unlikely. When combined with clinical judgement, this
potentially identifies a group of patients in whom anti-
bacterial therapy may be withheld.
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