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Abstract. Severe pneumonia is a major cause of mortality in
children. The present study evaluated the diagnostic value of
serum C-reactive protein (CRP) levels for cases of severe pneu-
monia. A total of 862 children, hospitalized for acute respiratory
tract infections, were evaluated between September 2008 and
February 2011; the serum levels of CRP were measured in
all the children. Bacterial identification was performed, while
polymerase chain reaction was used to detect the 12 respiratory
viruses. Multivariate logistic regression analysis was performed
with independent [CRP, proportion of neutrophils (NEUT),
body temperature, sputum production, age and dyspnea] and
dependent (severe and mild pneumonia) variables for clinical
diagnosis, which produced three new variables that represented
an individual's predictive value: Pre-1, Pre-2 and Pre-3. A
receiver operating characteristic (ROC) curve was generated
using the new variables to assess their predictive value for
severe pneumonia. Of the 862 patients, 108 individuals were
diagnosed with severe pneumonia and 754 individuals had
mild pneumonia. Increased levels of CRP were associated with
severe pneumonia and bacterial infection (P<0.05). Multivariate
logistic regression analysis found that severe pneumonia was
associated with the levels of CRP, body temperature, expectora-
tion, age, NEUT and dyspnea (P<0.05). The ROC curve of the
regression diagnostics model sequentially presented CRP, CRP
and the other five correlative variables (NEUT + body tempera-
ture + sputum production + age + dyspnea) and the other five
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correlative variables used to diagnose severe pneumonia. The
area under curve values were determined as 0.550 for Pre-1 [95%
confidence interval (CI), 0.490-0.609], 0.897 for Pre-2 (95% ClI,
0.861-0.932) and 0.893 for Pre-3 (95% CI, 0.855-0.931). The
results revealed that the six correlative variables had improved
accuracy in the diagnosis of severe pneumonia. The serum levels
of CRP were strongly associated with bacterial infection and
severe pneumonia. Therefore, the CRP level, along with other
parameters, may be used as early indicators of severe pneumonia
development. However, the efficiency of the CRP level alone to
diagnose severe pneumonia was found to be limited.

Introduction

Pneumonia is the most frequent cause of mortality in children
under five years of age in a number of developing countries (1,2).
Community-acquired pneumonia (CAP) is an important caus-
ative mechanism of pneumonia in infants and young children
in Asia and Africa. In total, ~30% of CAP cases progress to
severe pneumonia due to the absence of expedient diagnosis
and treatment (3.,4). There is also evidence that the number of
cases of severe pneumonia is increasing (5). Severe pneumonia
is defined as requiring hospitalization in an intensive care
unit (6-8); the condition frequently results in mortality.

Early and effective treatment of pneumonia is crucial. The
World Health Organization (WHO) recommends standard
treatments for mild and severe pneumonia; however, the lack
of appropriate drugs and equipment in developing countries
remains a problem (3,8). Furthermore, severe pneumonia perpet-
uates nosocomial infection-associated mortalities (9,10). Prior
to pneumonia progressing to a severe state, timely diagnosis is
essential to reduce the mortality rate and improve prognosis.
A number of microorganisms are associated with pneumonia;
however, the individual pathogens are difficult to identify. The
diagnosis of mild and severe pneumonia is primarily based on
clinical presentation and physical examination. (9)

C-reactive protein (CRP) is an acute-phase protein that
reacts with C polysaccharide from Pneumococci to produce
a complex (11). When tissue injury and/or acute inflammation
occurs, CRP is produced by the liver in response to stimulation
by interleukin-6 and tumor necrosis factor-a (12). Previous
studies have shown that continuous high levels of serum
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procalcitonin and CRP in the incipient stage of acute respira-
tory infections increases the risk of progression to a critical
disease state (12-14). An integrated evaluation of the clinical
symptoms and the levels of CRP may improve the predict-
ability of the clinical course and prognosis of pneumonia (15).
In patients with a high risk of pneumonia, the diagnostic value
of the CRP level is unknown. Prior to the development of severe
pneumonia, the significance of clinical symptoms, signs and
inflammatory markers in patients with pneumonia is not clear.
Thus, a large-scale study is required to confirm the diagnostic
accuracy of CRP compared with the clinical symptoms and
signs in terms of predicting the development of severe pneu-
monia. Severe pneumonia can be caused by bacterial, viral and
mixed infections. The association between high serum levels
of CRP and the presence of pathogenic microorganisms is
also unclear. The present study investigated the significance of
CRP in the clinical diagnosis of severe pneumonia.

Materials and methods

Patients and clinical specimens.Nasopharyngeal airway secre-
tions (NPAs) and the clinical data from 862 children with mild
and severe pneumonia, who were hospitalized at the Pediatric
Treatment Center of Hunan Provincial People's Hospital
(Changsha, China), were collected between September 2008
and February 2011. All the children had their serum levels of
CRP measured. Clinical diagnoses were classified according
to the WHO standards (16). Two clinicians established the
diagnoses independently and an additional clinical expert was
consulted if a consensus was not reached. Clinical data were
collected from medical records. If records were incomplete,
the patient's family was consulted.

Ethics statement. The study was approved by the Research
Ethics Committee of Lanzhou University (Lanzhou, China) and
the Institutional Review Board of the China Center for Disease
Control and Prevention (Beijing, China). Specimens and clinical
data were collected following the acquisition of informed
consent; all participants provided written informed consent.

Bacterial culture. All NPAs were placed in a virus transport
medium (containing 200 U/ml penicillin, 200 U/ml strepto-
mycin, 200 U/ml amphotericin B and 0.125% bovine serum
albumin) and stored at -80°C until required. The specimens
were inoculated on blood agar, China blue agar and Sha
agar (Bianming Biotechnology Co., Ltd., Nanjing, China),
and incubated for 24 h at 37°C. To separate the colonies, all
bacteria were identified using the bioMérieux VITEK232
automatic bacteria identification system and ATB Expression
semi-automatic detector (bioMérieux, Marcy I'Etoile, France).

Detection of the CRP levels. Immunoturbidimetry was used to
measure the serum levels of CRP using the Ary360 automatic
rate turbidimetric system (Beckman Coulter, Inc., Brea, CA,
USA), according to the manufacturer's instructions. The CRP
reagents and calibration liquid were obtained from Beckman
Coulter, Inc.

Detection of the 12 respiratory viruses. Viral DNA and RNA
was extracted from 200 ul NPA samples using QIAamp® viral
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DNA and RNA mini-kits (Qiagen, Hilden, Germany). Reverse
transcription was performed using Superscript II® Reverse
Transcriptase (Invitrogen Life Technologies, Carlsbad, CA,
USA) and random primers (Invitrogen Life Technologies). A
routine polymerase chain reaction (PCR) assay was used to
detect human bocavirus, metapneumovirus, respiratory syncy-
tial virus, influenza virus types A and B, parainfluenza virus
types 1-3, human rhinovirus, human coronaviruses (HCoV,
NL63 and HKU1) and adenovirus, using rTaqg DNA polymerase
(Takara Biotechnology Co., Ltd., Dalian, China). The PCR
products were resolved on a 1.5% agarose gel. The positive
amplicons were purified using a QIAquick PCR Purification
kit (Qiagen) and subsequently sequenced. To validate the
amplification process and exclude contamination, positive and
negative controls (Qiagen) were used. The positive controls
contained the target gene fragment that had been isolated and
purified in our laboratory; the negative controls were of the
the same PCR reaction system but did not contain the viruses'
target gene fragment. All laboratory tests were conducted at
the National Institute for Viral Disease Control and Prevention
(China Center for Disease Control and Prevention).

Statistical analysis. A t-test was used to compare the two
groups if the data conformed to an approximate normal distri-
bution, while the % test was used to compare categorical data.
Contingency table analysis was used to generate contingency
table data. A multivariate logistic regression diagnosis model
for the CRP levels, CRP levels + relative proportion of neutro-
phils in white blood cells (NEUT) + clinical symptoms and
signs (body temperature, sputum production, age and dyspnea)
and NEUT + clinical symptoms and signs generated three new
variables with predictive values, defined as Pre-1, Pre-2 and
Pre-3, respectively. Receiver operating characteristic (ROC)
curves included the new test variables (Pre-1, Pre-2 and Pre-3)
alongside the clinical diagnosis. The clinical diagnosis was
the dependent variable, which was defined as follows: Severe
pneumonia, 1; mild pneumonia, 0. Independent variables
were defined as follows: CRP level (measured values); NEUT
(measured values); body temperature (measured values);
sputum production (yes, 1; no, 0); age (months), dyspnea
(yes, 1; no, 0); bacterial infection (yes, 1; no, 0); viral infec-
tion (yes, 1, no, 0); cough (yes, 1, no, 0); and gender (male, 1,
female, 2). All statistical analyses were performed using SPSS
13.0 software (SPSS, Inc., Chicago, IL, USA), and P<0.05 was
considered statistically significant.

Results

Patient information. The male to female ratio was 1.55:1 and
the ratio of mild to severe pneumonia cases was 6.84:1. The
average patient age was 19.18+9.145 months. Positive cases
(CRP level of =10 mg/l) of severe pneumonia accounted for
25.92% (28/108) of the total cases, while positive cases with
mild pneumonia (CRP level of <10 mg/1) accounted for 16.18%
of the total cases (122/754; P<0.05). The average body temper-
ature of those with severe pneumonia was 38.53+1.03°C and
38.29+1.10°C in those with mild pneumonia (t=-2.16; P=0.03).
The relative proportion of neutrophils in patients with severe
pneumonia was 44.49+19.71%, compared with 38.46+21.28%
for those with mild pneumonia (P<0.05). The frequency of
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Table I. Viral and bacterial detection status in patients with severe and mild pneumonia.

Classification Severe pneumonia Mild pneumonia P-value
None detected, % (n) 0.12
Virus 39.81 (43/108) 47.88 (361/754)
Bacteria 37.04 (40/108) 49.47 (373/754)
Detection of a single species, % (n) 0.02
Virus 44.44 (48/108) 39.39 (297/754)
Bacteria 17.59 (19/108) 10.88 (82/754)
Detection of two or more species, % (n)
Virus 15.74 (17/108) 12.73 (96/754) 0.23
Bacteria 45.37 (49/108) 39.67 (299/754)
Coinfection, % (n) 0.02
Yes 39.81 (43/108) 28.91 (218/754)
No 60.19 (65/108) 71.09 (536/754)
Table II. Contingency table analysis of CRP and associated variables.
CRP (mg/1)
Associated variables >100 <10.0 R-value P-value
Severe pneumonia
Yes 28 80 -0.081 0.02
No 122 630
Bacterial infection
Positive 67 383 -0.086 0.02
Negative 89 323
Viral infection
Positive 54 267 0.010 0.77
Negative 87 454

CRP, C-reactive protein.

sputum production in patients with severe pneumonia was
47.22% (51/108), compared with 58.36% (440/754) in indi-
viduals with mild pneumonia (P<0.05). The percentage of
individuals with dyspnea in the severe pneumonia group was
9.26% (10/108), while 14.19% (107/754; P>0.14) individuals
were affected in the mild pneumonia group.

Viral and bacterial detection. In 60.19% (65/108) of patients
with severe pneumonia, at least one virus was detected,
compared with 51.99% (392/754) of patients with mild
pneumonia. This difference was not statistically significant
(x*=2.47, P=0.12). At least one bacterial species was detected
in 62.96% (68/108) of the severe pneumonia cases, compared
with 50.53% (381/754) of the mild pneumonia cases; this
difference was statistically significant (P=0.02; Table I).

Relevance of CRP and associated variables. Serum levels
of CRP were higher in the severe pneumonia group when
compared with the mild pneumonia group (P<0.05; indepen-
dent sample t-test). An increased level of CRP was shown to be

strongly associated with severe pneumonia (r=-0.081; P<0.05)
and bacterial infection (r=-0.086; P<0.05). However, increased
levels of CRP had no association with viral infection (P>0.05;
Table II). If bacterial infection was considered the gold stan-
dard in the diagnosis of pneumonia, the diagnostic value of
CRP would be as follows: a sensitivity of 13.39% with a false
negative rate of 86.61% and a specificity of 76.20% with a false
positive rate of 23.80%.

Logistic regression model of severe pneumonia. With the
severity of pneumonia as the dependent variable, the CRP
level, body temperature, expectoration, bacterial infection,
viral infection, cough, gender, age, NEUT and dyspnea were
used as covariates. Using multivariate logistic regression
analysis, a preliminary regression model was established, and
the covariates of bacterial infection, viral infection, cough
and gender were excluded (P>0.1). The regression model was
assessed using a likelihood-ratio test and the goodness of fit
of the regression model was demonstrated to be satisfactory
(P<0.01; Table III). The regression model was as follows:
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Table III. Multivariate logistic regression analysis of severe pneumonia.

95% CI

Concomitant Regression

variable coefficient SE Wald P-value OR Lower Upper
CRP (X)) 0.011 0.006 3.344 0.067 1.011 0.999 1.024
Age (X,) -0.038 0011 12.158 0.000 0.962 0.942 0.983
Body temperature (X5) 0.325 0.134 5.824 0.016 1.383 1.063 1.801
Expectoration (X,) -0.853 0.283 9.108 0.003 0.426 0.245 0.742
Dyspnea (X5) 3.360 0.286 137.936 0.000 28.801 16.438 50461
NEUT (X,) 0.005 0.003 2324 0.127 1.005 0.999 1.011
Constant -14.780 5.150 8.237 0.004 0.000

CRP, C-reactive protein; NEUT, proportion of neutrophils; AUC, area under curve; SE, standard error; OR, odds ratio; CI, confidence interval.

ROC curve

Sensitivity

Source of the curve
—— Predicted probability for
CRP

~——— Predicted probability lor
CRP+NEUT+symptoms
and signs
Predicted probability for
NEUT+symptoms and
signs

Reference line

L)
0.6

L)
0.4

1-specificity

08 10

Diagonal segments are produced by ties.

Figure 1. ROC curve for Pre-1 in the diagnosis of severe pneumonia. CRP, C-reactive protein; NEUT, proportion of neutrophils; ROC, receiver operator

characteristic.

Table IV. AUC values, generated using regression diagnostics,
for Pre-1, Pre-2 and Pre-3.

95% CI
Diagnostic =~ AUC SE P-value Lower  Upper
Pre-1 0550 0.030  0.096 0.490 0.609
Pre-2 0.897 0.018 0.000 0.861 0.932
Pre-3 0.893 0.019  0.000 0.855 0.931

AUC, area under curve; SE, standard error; CI, confidence interval.

Logit (P) = -14.067 + 0.012X, + 0.283X, + 0.408X, - 0.071X,
+0.008X;+ 0.655X,

Where X, was the CRP level, X, was the age; X; was the body
temperature; X, was expectoration; Xs was dyspnea; and X
was NEUT.

Diagnostic value of the clinical factors and ROC curve analysis

for severe pneumonia cases. The area under the curve (AUC)
of a clinical diagnostic model was generated and included
the CRP level (Pre-1), CRP level + NEUT + symptoms and
signs (Pre-2), and the severe pneumonia clinical diagnosis.
The ROC plot was calculated to evaluate the predictive value
and function. The model was also evaluated by constructing a
ROC plot. The model was optimal using Pre-2, with an AUC
of 0.897 [95% confidence interval (CI), 0.861-0.932], followed
by Pre-3 (AUC, 0.893; 95% CI, 0.855-0.931) and Pre-1 (AUC,
0.550; 95% CI, 0.490-0.609; Fig. 1; Table IV).

Discussion

Economic, social and living conditions have greatly improved
in middle- and low-income countries over the past two decades,
which has resulted in a significant reduction in the incidence
rate of CAP. However, the morbidity and mortality rates of
CAP remain high in the majority of developing countries (2,3),
with severe pneumonia the leading cause of mortality in cases
of CAP. However, the treatment of severe pneumonia remains



poor in developing countries; thus, early diagnosis is crucial.
The standard method for CAP diagnosis is the detection of
a new infiltrate on chest radiographs, in addition to recently
acquired respiratory signs and symptoms (17-19). In primary
care, physicians rely solely on patient history and a physical
examination (20). Clinical practice has demonstrated that the
evaluation of clinical signs and symptoms alone is not sufficient
for the diagnosis of CAP (21). To predict the development of
severe pneumonia, a number of factors should be considered.

According to the WHO-recommended treatment plan
for preventing mortality from severe pneumonia (19-21),
special measures, including supportive care, appropriate
immunotherapy and intensive care treatment, should be
administered in a timely manner. The NEUT and levels
of CRP are inflammatory biomarkers, which improve the
predictive power and diagnostic value for the risk assessment
of severe pneumonia (21-23). Previous studies addressed the
diagnostic significance of CRP in relation to CAP (24-27),
while additional studies indicated that CRP was associated
with disease severity and mortality in hospitalized patients
with CAP (28,29). However, the association between CRP and
severe pneumonia has not, to the best of our knowledge, been
reported. The present study demonstrated that serum levels of
CRP and NEUT were elevated in patients with severe and mild
pneumonia. The results demonstrated that the proportion of
cases with severe pneumonia (CRP level =10 mg/1) was higher
compared with the mild pneumonia group, indicating that the
persistent elevation of serum CRP levels may be associated
with the condition of the patient and the development of severe
pneumonia. As shown in the current study, the clinical symp-
toms and signs, levels of CRP alone and the NEUT had poor
diagnostic accuracy in terms of predicting severe pneumonia.

Bacterial infections (Prneumococcus, hemolytic strep-
tococci and Haemophilus spp.), viral infections (respiratory
syncytial virus, influenza virus, human rhinoviruses and boca-
virus) and mixed infections are major causes of pneumonia,
and particularly of severe pneumonia (30-32). Antibiotic
therapy for severe pneumonia based on pathogen separation
and detection is rare, and the presence of a non-infectious
differential diagnosis is usually suspected only after the failure
of antibiotic therapy. This leads to risks associated with a lack
of treatment, and potentially life-threatening, non-bacterial
diseases. Serum procalcitonin levels may be used to predict
the probability of a bacterial infection in patients with severe
chronic obstructive pulmonary disease and pneumonia (33).
Notably, the present study found that high levels of serum CRP
were strongly associated with the detection of bacteria. The
use of serum CRP levels as a diagnostic indicator of bacte-
rial infection resulted in a false negative rate of 86.61% and a
specificity of 76.20%; the serum levels of CRP were higher in
the severe pneumonia patients compared with the mild pneu-
monia group. However, the data obtained in the present study
indicated that viral detection rates did not significantly differ
between the severe and mild pneumonia groups. By contrast, a
previous study found that viruses were commonly detected in
children with severe pneumonia in the Philippines (32).

The diagnosis of severe pneumonia in children from
a number of developing countries is limited by the lack of
X-ray facilities. In addition, the diagnosis relies primarily on
clinical symptoms (34). A diagnosis based on clinical suspi-
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cion and traditional clinical experience tends to delay therapy,
resulting in severe consequences (3,20,35). The most impor-
tant risk factors for treatment failure are a longer duration of
therapy, overprescription of antibiotics and non-compliance
with WHO recommendations (36). Thus, a number of chal-
lenges remain for the early detection of severe pneumonia.
The current guidelines for diagnosis are based on clinical
signs and symptoms, which makes a rapid diagnosis in chil-
dren extremely important for a positive clinical outcome.
CRP levels alone should not be relied upon for a pneumonia
diagnosis and clinical symptoms should be considered. Using
univariate and multivariate logistic regression analyses,
the present study demonstrated that significant factors for
the prediction of severe pneumonia were the NEUT, body
temperature, sputum production, age and dyspnea. The ROC
curve using the new variables that were generated by multi-
variate regression analysis and the diagnostic gold standard
for severe pneumonia demonstrated the reliability of these
factors to diagnose severe pneumonia. According to the data,
the likelihood of developing severe pneumonia was higher in
younger patients with elevated levels of CRP, an increased
NEUT, high fever, a frequent cough and dyspnea. Patients
with these risk factors should receive timely and appropriate
treatment. In the current study, the AUC of Pre-2 was 0.897
(95% CI, 0.861-0.932), which indicates that the regression
model containing Pre-2 has improved diagnostic accuracy for
severe pneumonia. In addition, this result indicates the diag-
nostic value of using a combination of indicators. When only
the levels of CRP are considered, as opposed to the composite
variables, the diagnostic value and significance of the levels of
CRP were limited. However, measuring the CRP levels may
assist in the diagnosis and treatment of CAP by physicians in
clinical practice. The high morbidity and mortality rates of
severe pneumonia attract worldwide attention. To reduce the
mortality rate, awareness of the importance of early detection
of pneumonia should be increased, along with measures to
prevent disease development.
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