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 Procalcitonin is useful in identifying bacteraemia among children 
with pneumonia      
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    Abstract 
 Empirical antibiotic use is prescribed in managing children with pneumonia worldwide. We assessed the usefulness of 
procalcitonin (PCT) and interferon-alpha (IFN- α ) in differentiating viral from bacterial pneumonia. Among 159 hospi-
talized children, pneumonia was diagnosed based on clinical complaints plus pulmonary infi ltrate. Aetiology was inves-
tigated for 9 viruses and 4 atypical and 3 typical bacteria. PCT and IFN- α  were measured in the serum sample collected 
on admission. Eight patients had bacteraemic infections, 38 had non-bacteraemic typical infections, and 19 patients had 
atypical bacterial infections. Viral and unknown aetiology was established in 57 (36%) and 34 (21%) cases, respectively. 
Three patients with bacterial infection without collected blood culture were excluded. IFN- α  (IU/ml) was detectable in 
20 (13%) cases. The difference among median PCT values of the bacteraemic (4.22; 1.56 – 7.56), non-bacteraemic 
typical bacterial (1.47; 0.24 – 4.07), atypical bacterial (0.18; 0.06 – 1.03) and only viral (0.65; 0.11 – 2.22) subgroups was 
signifi cant ( p  � 0.02). PCT was  � 2 ng/ml in 52 (33%) cases. The presence of IFN- α  was associated with PCT  � 2 ng/ml 
(90% vs. 64%,  p  � 0.02). The negative predictive value (95% confi dence interval) of PCT  � 2 ng/ml was 95% 
(89 – 100%), 89% (78 – 100%), 93% (85 – 100%) for differentiation of bacteraemic from viral, atypical bacterial and non-
bacteraemic typical bacterial infection, respectively, and 58% (49 – 68%) for differentiation between bacterial and viral 
infection. PCT may be useful in identifying bacteraemia among children hospitalized with community-acquired pneumonia. 
IFN- α  was uncommonly detected.    
 Introduction 

 Community-acquired pneumonia (CAP) is the lead-
ing single cause of mortality in children aged less 
than 5 y, and 156 million new episodes are estimated 
to occur in this age-group each y, worldwide [1]. Viral 
and bacterial pathogens can cause CAP [2]. In devel-
oping countries, empirical use of antibiotics is the 
routine management [3] because of the association 
between bacterial infection and childhood deaths 
attributable to CAP [4]. In developed countries, the 
administration of antibiotics is also empirical, based 
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on the assessment of severity [5]. Nonetheless, viral 
infections among children with CAP have been rec-
ognized as more frequent than bacterial infections, 
all over the world [6]. Moreover, viral co-infections 
are frequent, and children with viral co-infections 
present as more severe cases than those with single 
viral infection, requiring hospitalization more fre-
quently [7]. No clinical or radiological characteristic 
has been found to be helpful in the distinction 
between viral and bacterial infection in children 
with CAP [8]. We aimed to assess the usefulness of 
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procalcitonin (PCT) and interferon-alpha (IFN- α ) 
in differentiating viral from bacterial infections 
among children with CAP.   

 Materials and methods  

 Study design 

 This prospective investigation was carried out at the 
Professor Hosannah de Oliveira Paediatric Centre, 
Federal University of Bahia, Salvador, Northeast 
Brazil, from September 2003 to May 2005. Enrol-
ment was based on hospitalization due to the pres-
ence of pulmonary infi ltrate read by an independent 
paediatric radiologist, respiratory complaints and 
fever or diffi culty breathing. Exclusion criteria 
included HIV-infected mother, immunodefi ciency, 
cancer, tuberculosis, measles, chickenpox or chronic 
pulmonary disease, except asthma.   

 Collection of biological samples and laboratory tests 

 On admission, nasopharyngeal secretions were aspi-
rated and blood was collected for culture, buffy-coat 
and serum samples. A second blood sample was col-
lected 2 – 4 weeks after recruitment for serological 
assays. Blood culture was immediately performed 
according to routine procedures. The other biological 
samples were kept frozen ( � 20ºC: serum;  � 70ºC: 
buffy-coat and nasopharyngeal aspirates) until ship-
ment to the research laboratories. The virological 
tests were performed in Turku, Finland. Respiratory 
virus investigation consisted of searching for viral 
antigens (infl uenza A and B viruses, respiratory syn-
cytial virus, parainfl uenza virus type 1, 2, and 3, and 
adenovirus) using a time-resolved fl uoroimmunoassay 
with monoclonal antibodies and the determination 
of virus-specifi c serum antibody titres in paired sam-
ples using an enzyme-immunoassay (EIA) with an 
antigen-coated solid phase and horseradish peroxidase-
conjugated rabbit anti-human IgG [9]. Two reverse 
transcription-polymerase chain reaction (PCR) assays 
for the detection of rhinovirus and enterovirus were 
performed [10]. In addition to blood culture, bacte-
rial infection caused by Streptococcus pneumoniae, 
non-typeable Haemophilus infl uenzae and Moraxella 
catarrhalis were investigated by antibody assays in 
paired serum samples [11]. PCR was used for the 
detection of S. pneumoniae DNA in blood buffy-
coat [12]. An in-house microimmunofl uorescence 
test was used to measure IgG, IgA, and IgM antibod-
ies to Chlamydia pneumoniae and Simkania negeven-
sis [13]. Chlamydia trachomatis IgG antibodies were 
measured using a commercial, solid-phase EIA (Ani 
Labsystems Ltd, Vantaa, Finland). IgM antibodies to 
Mycoplasma pneumoniae were searched for using a 
commercial EIA kit (Platelia, Bio-Rad, Marnes La 
Coquette, France). Blood cultures were performed at 
the same hospital where patients were enrolled. Serology 
to M. pneumoniae was carried out at Funda ç  ã o Oswaldo 
Cruz, in Brazil. The other bacterial tests were done 
in Oulu, Finland. 

 PCT concentration was measured by an immu-
noluminometric assay (LUMItest PCT, BRAHMS 
Diagnostica, Berlin, Germany) and the detection 
limit was 0.02 ng/ml. IFN- α  was measured with a 
biological assay using Madin – Darby bovine kidney 
(MDBK) cells and vesicular stomatitis virus as the 
challenge virus. The minimum IFN titre of 2 IU/ml 
was detectable in the assay. These measurements 
were performed in Paris, France.   

 Study subjects 

 The frequency of infection by each pathogen has 
been previously reported [14]. Additional acute 
serum samples were available for measuring PCT 
and IFN- α  from 159 patients and were classifi ed 
into 5 aetiological subgroups. The fl ow-chart 
presenting the aetiological subgroups is shown in 
Figure 1. The bacteraemic infection subgroup com-
prised 8 cases of pneumococcal infection (1 isolated, 
5 viral co-infection, 1 atypical bacterial and viral 
co-infection, 1 non-bacteraemic bacterial and 
viral co-infection). The non-bacteraemic typical 
bacterial infection subgroup consisted of 38 cases 
(17 isolated, 19 viral co-infection, 2 viral and atyp-
ical bacterial co-infection). The atypical bacterial 
infection subgroup comprised 19 cases (9 isolated, 
10 viral co-infection). Out of the 10 patients with-
out blood culture, 6 had no aetiology defi ned, 2 had 
typical bacterial and viral co-infection, 1 had viral 
and 1 had atypical bacterial infection. These cases 
were excluded from the analysis since information 
on bacteraemia was missing. The 34 cases with 
negative results for all performed etiological tests 
formed the unknown subgroup.   

 Statistical analysis 

 PCT concentrations appeared as non-normally dis-
tributed and thus the results are presented as medi-
ans and 25 th  – 75 th  percentiles. Kruskal – Wallis and 
Fisher’s exact tests were performed. Sensitivity, 
specifi city and predictive values (PV) were calcu-
lated. The receiver operating characteristic (ROC) 
curve was used to evaluate the ability of serum PCT 
concentrations to discriminate the different aetio-
logical subgroups. Multivariate logistic regression 
was performed to analyze the association between 
PCT ( � 2 vs.  � 2 ng/ml) and aetiological subgroup 
(bacteraemic, non-bacteraemic, atypical bacterial, 



646  C. M. Nascimento-Carvalho et al.

Eligible patients for the PCT 
and IFN-  study (n = 159)

Bacteraemic
infection
(n = 8)

Non-bacteraemic 
infection
(n = 38)

Typical bacterial 
(n = 48)

Atypical 
bacterial (n = 20)

Viral
(n = 57)

Unknown
(n = 34)

Blood culture was not collected from 2 out of 48 patients with typical bacterial infection and 
from 1 out of 20 with atypical bacterial infection.

Acute community-acquired 
pneumonia cases (n = 184)
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viral) controlled for the children’s age. The odds ratio 
(OR) and 95% confi dence interval (95% CI) were 
calculated. The correlation between PCT concentra-
tion and age was assessed by the Spearman’s correla-
tion coeffi cient. The IFN- α  data were analyzed as 
binomial variable.    

 Results 

 There were 95 (60%) males and the mean age was 
20 months (±14, median 18, range 26 days – 4.8 y). 
Aetiology was bacterial in 28 (18%), viral in 57 (36%), 
viral – bacterial in 40 (25%) and unknown in 34 (21%). 
Table I shows the frequency of the aetiological agents 
detected. The median (25 th  – 75 th  percentile) PCT 
(ng/ml) was 0.72 (0.13 – 3.04). IFN- α  (IU/ml) was 
detectable in 20 (13%) cases. The difference among 
median PCTs of the bacteraemic (4.22; 1.56 – 7.56), 
non-bacteraemic typical bacterial (1.47; 0.24 – 4.07), 
atypical bacterial (0.18; 0.06 – 1.03) and only viral 
(0.65; 0.11 – 2.22) subgroups was signifi cant ( p  � 0.02). 
PCT was  � 2 ng/ml in 52 (33%) cases. There was no 
correlation between PCT and age (rs �  � 0.14, 
 p  � 0.09). The presence of IFN- α  was associated with 
PCT  � 2 ng/ml (90% vs. 64%,  p  � 0.02). 

 The ROC curve for PCT to separate bacteraemic 
from viral, atypical bacterial and non-bacteraemic 
typical bacterial infections had an area under the 
curve (AUC) (95% CI) of 0.80 (0.65 – 0.94), 0.88 
(0.75 – 1.0), 0.73 (0.54 – 0.92), respectively (cut-off 
3.28 ng/ml) and to separate non-bacteraemic typical 
bacterial from viral infections of 0.64 (0.53 – 0.75) 
(cut-off 1 ng/ml). From the logistic regression model, 
including aetiological group and age, the likelihood 
of having PCT  � 3.28 ng/ml in patients with bacter-
aemic or atypical bacterial infection was signifi cantly 
different from patients with viral infection (OR 6.72, 
95% CI 1.20 – 37.59 and OR 0.13, 95% CI 0.02 – 0.76, 
respectively). The results were the same when a cut-
off point of 2 ng/ml was used (data not shown). 

 Table II presents the validity of different PCT 
cut-off points in differentiating viral from bacterial 
infections. The negative predictive value (95% 
CI) of PCT  � 2 ng/ml was 95% (89 – 100%), 89% 
(78 – 100%), 93% (85 – 100%) for differentiation of 
bacteraemic infection from viral, atypical bacterial 
and non-bacteraemic typical bacterial infections, 
respectively, and 58% (49 – 68%) for differentiation 
between bacterial and viral infection. The presence 
of IFN- α  did not add any increment to PCT in 
distinguishing between the different aetiological 
groups (data not shown).   

 Discussion 

 Procalcitonin increases dramatically in severe bacte-
rial infections while it remains low in viral infections 
[15,16]. In lower respiratory tract infections, PCT is 
  Figure 1.     Flow-chart showing the aetiological subgroups among children hospitalized with community-acquired pneumonia, in Salvador, 
Northeast Brazil.  
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  Table I. Frequency of the aetiological agents detected among 
children with community-acquired pneumonia hospitalized in 
Salvador, Northeast Brazil in whom procalcitonin was investigated.  

Frequency

Aetiological agents Overall Unique agent

Typical bacteria
Streptococcus pneumoniae 34 13
Haemophilus infl uenzae 13  3
Moraxella catarrhalis  4  2

Atypical bacteria
Mycoplasma pneumoniae 11  5
Chlamydia trachomatis  9  4
Simkania negevensis  2  1
Chlamydia pneumoniae  1  0

Viruses
Rhinovirus 33 19
Respiratory syncytial virus 26 12
Parainfl uenza 25  8
Infl uenza 19  7
Enterovirus  7  3
Adenovirus  6  1
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very high in pneumococcal pneumonia with bacter-
aemia [17 – 19] and remains the best predictor of 
bacteraemia in children as in adults. Among hospital-
ized children, PCT  � 2.0 ng/ml showed specifi city 
 � 80% for bacterial pneumonia [20]. Its prognostic 
value in respiratory infections is always diffi cult to 
establish because of the great number of possible 
  Table II. Validity coeffi cients (95% CI) of different procalcitonin cut-of
pneumonia among children hospitalized in Salvador, Northeast Brazil.

Cut-off points Sensitivity % S

Viral vs. bacteraemic
 � 0.1 ng/ml 100
 � 0.12 ng/ml 100
 � 0.25 ng/ml 100
 � 0.5 ng/ml 100
 � 1.0 ng/ml 75 (64 – 86)
 � 1.8 ng/ml 75 (64 – 86)
 � 2.0 ng/ml 75 (64 – 86)

Viral vs. non-bacteraemic 
typical bacterial

 � 0.1 ng/ml 96 (92 – 100)
 � 0.12 ng/ml 90 (84 – 95)
 � 0.25 ng/ml 81 (74 – 89)
 � 0.5 ng/ml 73 (64 – 81)
 � 1.0 ng/ml 65 (55 – 74)
 � 1.8 ng/ml 46 (36 – 55)
 � 2.0 ng/ml 44 (34 – 53)

Viral vs. atypical bacterial
 � 0.1 ng/ml 60 (49 – 71)
 � 0.12 ng/ml 60 (49 – 71)
 � 0.25 ng/ml 40 (29 – 51)
 � 0.5 ng/ml 30 (20 – 40)
 � 1.0 ng/ml 25 (15 – 35)
 � 1.8 ng/ml 10 (3 – 17)
 � 2.0 ng/ml 10 (3 – 17)

   PPV, positive predictive value; NPV, negative predictive value.   
pathogens (typical and atypical bacteria, viruses), the 
importance of co-infections and the lack of specifi c-
ity of serological methods to prove an acute infection. 
Among adults, PCT guidance substantially contrib-
utes to reduce non-useful antibiotic therapy in 
patients managed in the emergency department for 
respiratory infection [21]. Recently, it was proposed 
to exclude patients with low PCT levels from trials 
on CAP because they are unlikely to benefi t from 
antibiotic therapy [22]. 

 To the best of the authors’ knowledge, this is 
the fi rst CAP study enrolling children with typical 
bacterial infection divided into 2 subgroups (bacte-
raemic and non-bacteraemic typical bacterial) in 
addition to children with atypical bacterial or viral 
infections. Based on the aforementioned results, we 
can observe that patients with bacteraemic pneu-
monia presented signifi cantly higher PCT levels in 
comparison to patients with non-bacteraemic typi-
cal bacterial, atypical bacterial or viral infections. 
Moreover, from the logistic regression analysis, we 
can conclude that patients with atypical bacterial 
infection presented signifi cantly lower PCT levels 
in comparison with patients with viral infection. 
These fi ndings make it possible to infer that if one 
compares children with CAP with non-bacteraemic 
typical bacterial and atypical bacterial infections 
with viral infection, any signifi cant difference will 
f points in differentiating viral from bacterial community-acquired 
  

pecifi city % PPV % NPV %

21 (11 – 32) 15 (7 – 24) 100
25 (14 – 36) 16 (7 – 25) 100
39 (27 – 51) 19 (9 – 29) 100
45 (33 – 57) 21 (11 – 30) 100
57 (45 – 69) 20 (10 – 30) 94 (88 – 100)
66 (54 – 78) 24 (13 – 34) 95 (89 – 100)
66 (54 – 78) 24 (13 – 34) 95 (89 – 100)

23 (15 – 31) 51 (42 – 61) 87 (80 – 93)
26 (18 – 35) 51 (41 – 60) 75 (67 – 83)
40 (31 – 50) 53 (44 – 63) 72 (63 – 80)
46 (36 – 55) 53 (43 – 63) 67 (58 – 76)
58 (48 – 67) 56 (47 – 66) 66 (57 – 75)
67 (58 – 76) 54 (44 – 63) 59 (50 – 69)
67 (58 – 76) 52 (43 – 62) 58 (49 – 68)

23 (13 – 32) 21 (12 – 31) 62 (51 – 73)
26 (16 – 36) 22 (13 – 32) 65 (55 – 76)
40 (29 – 51) 19 (10 – 28) 66 (55 – 76)
46 (34 – 57) 16 (8 – 24) 65 (54 – 76)
58 (47 – 69) 17 (9 – 26) 69 (58 – 79)
67 (56 – 77) 10 (3 – 16) 68 (57 – 78)
67 (56 – 77) 10 (3 – 16) 68 (57 – 78)
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hardly be found. It is much easier to fi nd differences 
in low PCT levels (e.g. 0.12 ng/ml) studying children 
with fever and no focus of infection because the 
methods to diagnose bacterial infection are mainly 
dependent on the performance of cultures to inves-
tigate invasive bacterial disease [23]. The use of 
serological methods to diagnose non-bacteraemic 
respiratory infections has not been suffi ciently 
validated because of the lack of a gold standard. 
For example, carriage acquisition of a new pneumo-
coccal serotype may induce signifi cant antibody 
production but it has been found in  � 1% to 3% of 
non-symptomatic children [24]. Therefore, the 
detection of 38 (24%) non-bacteraemic typical 
bacterial infections out of 159 CAP cases highly 
suggests probable typical bacterial infections. Only 
nine viruses were searched for and this must be 
recognized as another limitation. 

 IFN- α  is secreted by many cells during viral 
infection [25]. The association found between detec-
tion of IFN- α  and PCT level  � 2 ng/ml ( p  � 0.02) is 
in accordance with a previous report that secretion 
of IFN- α  was more frequent in viral-infected 
patients than in bacterial-infected patients [16]. 
Nevertheless, adding information on detection of 
IFN- α  did not improve the performance of PCT 
levels in distinguishing children with viral from 
bacterial pneumonia because the presence of IFN- α  
was uncommon (13%). 

 From this data we can conclude that PCT may 
be useful in identifying bacteraemic infections among 
children hospitalized with CAP. Nonetheless, from a 
management point of view, it is of no help in distin-
guishing which children with CAP should receive 
antibiotics.   
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