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Abstract. Experimental data imply that serum C‑reactive 
protein (CRP) is a marker of general systemic inflammation, 
and inflammation may have a role in the development of 
pneumonia. The aim of the present study was to investigate 
the associations of serum CRP levels in infant patients with 
pneumonia by meta‑analysis. The Science Citation Index, 
Cochrane Library, PubMed, Embase, CINAHL, Current 
Contents and two Chinese (CMB and CNKI) databases were 
searched. Studies were pooled and standard mean differ-
ence (SMD) and the corresponding 95% confidence interval 
(CI) were calculated. Subgroup analyses and publication 
bias detection were also conducted. The statistical analysis 
was conducted using Stata software version 12.0. Serum 
CRP levels were analyzed in 10 clinical case‑control studies 
(652 infants with pneumonia and 845 healthy controls); signifi-
cant differences in serum CRP levels were observed between 
infants with pneumonia and the healthy controls (SMD=4.41, 
95% CI: 3.34‑5.47, P<0.001). Ethnicity‑stratified subgroup 
analysis detected that high levels of serum CRP may be the 
main risk factor for infant pneumonia in Asian, African and 
Caucasian populations (all P<0.05). Serum CRP levels were 
statistically higher in infants with pneumonia than in healthy 
infants, and thus serum levels of CRP may have independent 
diagnostic value for pneumonia in children.

Introduction

Infant pneumonia, which is caused by infection with viruses 
or bacteria, has aroused public concern due to the substantial 
mortality and incidence in children worldwide (1,2). There are 
~750,000 neonatal mortalities associated with pneumonia each 
year, which constitute >10% of child mortalities worldwide (3). 

The majority of these mortalities occur in low income areas; in 
proportion of cases occurring in developing countries is ~96%, 
and >90% of the estimated 1.6 million annual pneumonia 
mortalities in children <5 years of age (1,4,5). Mortality rates 
are >70% in south Asia and sub‑Saharan Africa, where the 
incidence of pneumonia is estimated to be 0.36 (interquartile 
range, 0.32‑0.40) episodes per child‑year  (2). Worldwide, 
the neonatal period is the most significant for pneumonia; 
at least one‑third of the annual 10.8 million mortalities in 
children occur in the first month of life (6). Moreover, infant 
pneumonia may be early or late onset, where early‑onset 
neonatal pneumonia is generally considered to be a clinical 
manifestation in the first week of life, while the latter occurs 
in the following 3 weeks (7). Clinically, infant pneumonia is 
considered as a multifactorial disease affected by quality of 
life, poor immunization, air pollution, nutritional status, and 
other factors (2). Large quantities of bacteria and viruses may 
to be associated with infant pneumonia, with viral neonatal 
pneumonias including intrauterine, early‑onset or late‑onset 
pneumonias (6). It has been suggested that C‑reactive protein 
(CRP) may be one of the best single tests for the early detec-
tion of pneumonia in children, and could be widely used as 
marker of infection (8).

C‑reactive protein (CRP), an acute phase plasma protein 
of the pentraxin family, is produced and released by hepa-
tocytes and adipocytes, playing distinct roles in innate 
and adaptive immunity with inflammatory effects  (9,10). 
Moreover, it has been identified to be a sensitive and reli-
able factor of acute inflammation in infectious as well as 
in non‑infectious inflammatory disorders (11). In previous 
studies, CRP has been reported to function by binding to the 
phosphocholine moieties that are located on some damaged 
cells and certain bacteria, and to have a crucial part in 
complement activation through strengthening phagocytosis, 
which may clear dead cells and bacteria (12,13). In the acute 
phase, an extensive inflammatory environment, such as 
bacterial, viral and fungal infection, rheumatic conditions, 
malignancy and tissue damage, may induce the expression 
of interleukin (IL)‑6 as well as other factors, such as IL‑1β 
and tumor necrosis factor (TNF)‑α, which may be associated 
with an enhancement of CRP expression (14‑16). In clinical 
practice, systemic inflammation may cause a significant 
increase in the serum CRP level that is considered to be a 
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main risk factor for inflammatory disease, myocardial infarc-
tion, peripheral vascular disease and ischemic stroke (17,18). 
It has been demonstrated that CRP may take part in the 
pathogenesis of atherosclerosis through the promotion of 
endothelial cell activation and foam cell generation within 
the arterial wall  (19,20). Previous studies have identified 
the significant role of the serum CRP level in the develop-
ment and prognosis of pneumonia, and have reported that 
an increased serum level of CRP may be present in patients 
with pneumonia  (21,22). In particular, it has been found 
that the serum CRP level may be useful for distinguishing 
bacterial pneumonia from nonbacterial pneumonia in chil-
dren, as higher serum CRP concentrations were observed in 
cases with a bacterial etiology (23,24). On the basis of this 
evidence, it may be hypothesized that the serum CRP level 
is closely correlated with the progress and severity of infant 
pneumonia (25,26). By contrast, a small number of studies 
have found that an elevated serum level of CRP is relatively 
non‑specific and cannot predict the prognosis of infant 
pneumonia (27,28). Accordingly, the purpose of the present 
meta‑analysis was to provide clarify whether an increased 
serum level of CRP accelerates the development of infant 
pneumonia and may be regarded as a poor prognostic marker.

Materials and methods

Search strategy. Related articles were identified by searching 
PubMed, Embase, Cochrane Library, CINAHL, CBM and 
CNKI databases comprehensively for all pertinent papers, 
which assessed the correlations between CRP serum levels 
and infant pneumonia and were published up to May 31, 
2014. The search terms used were (‘C‑reactive protein’), 
(‘infant, newborn’ or ‘newborn infants’ or ‘newborns‘ or 
‘neonates’), and (‘pneumonia’ or ‘pneumonia, mycoplasma’ or 
‘primary atypical pneumonia’ or ‘mycoplasma pneumonia’ or 
‘Mycoplasma pneumoniae pneumonia’) for the initial search. 
No limitation was set on the language of the article. Additional 
potentially relevant papers were further retrieved by a manual 
search of references from the original articles.

Selection criteria. Any randomized human‑associated inter-
vention case‑control studies that involved the association 
of CRP serum levels with infant pneumonia as a primary 
outcome were initially taken into consideration. With 
the exception of healthy participants, studies concerning 
patients whose ages ranged from 7 days to 36 months and 
who were diagnosed with infant pneumonia confirmed by 
histopathologic examinations according to the World Health 
Organization (WHO) guidelines for the interpretation of 
chest radiographs, were also included for the initial review of 
articles (29). Studies that did not provide the number of infant 
pneumonia cases, or sufficient information about serum CRP 
expression levels, were not included in the meta‑analysis. 
Extracted studies in which the minimum number of cases 
was not >20 were not excluded. However, extracted studies 
that had a considerable overlap (>50%) of study subjects or 
lack of complete data or unavailable data were excluded. 
If the same population was investigated in more than one 
study, only the most recent or complete study was included 
following careful reexamination.

Data extraction. In order to reduce bias and enhance cred-
ibility, two investigators extracted information according to 
the selection criteria separately, and arrived at a consensus 
on all the items through discussion and reexamination. The 
following relevant data were extracted from eligible studies 
prospectively: Surname of first author, year of publication, 
source of publication, study type, study design, sample size, 
age, gender, ethnicity and country of origin, detection method 
of CRP serum levels, and CRP expression levels. As there were 
subjects of different ethnicities, information was extracted 
separately into classes for Asian, African and Caucasian popu-
lations. All authors approved the final decision concerning the 
studies to be included.

Quality assessment. To decide whether a study was of high 
quality, the two authors used a set of predefined criteria based 
on the Newcastle‑Ottawa Scale (NOS) criteria to assess the 
studies independently  (30). The NOS criteria were scored 
based on three aspects: i) subject selection, 0‑4; ii) compa-
rability of subject, 0‑2; and iii) clinical outcome, 0‑3. Total 
NOS scores range from 0 (lowest) to 9 (highest). According to 
the NOS scores, the included studies were classified into two 
levels: low quality (0‑6), and high quality (7‑9). Discrepancies 
in the NOS scores of the included articles were resolved by an 
additional reviewer through discussion and consultation.

Statistical analysis. In order to supply quantitative evidence from 
all selected studies and minimize the variance of the summary, 
the current statistical meta‑analyses was conducted utilizing a 
random‑effects model (DerSimonian and Laird method) or a 
fixed‑effects model (Mantel‑Haenszel method) of individual 
study results under the situation where data from independent 
studies could be combined. A random‑effect model was applied 
when heterogeneity existed among studies, while a fixed‑effect 
model was applied when there was no statistical heterogeneity. 
The summary standardized mean difference (SMD) with 95% 
confidence intervals (CIs) was calculated for case versus control 
categories of serum CRP levels, with utilization of the Z‑test. 
Subgroup meta‑analyses were also conducted by ethnicity 
and sample size to explore potential modification effects, and 
heterogeneity across the enrolled studies was evaluated by 
the Cochran's Q‑statistic; P<0.05 was regarded as statistically 
significant (31). As a result of the low statistical power of the 
Cochran's Q‑statistic, an I2 test was also used to reflect the possi-
bility of heterogeneity between studies (32). Sensitivity analysis 
was performed to reflect the effect of an individual data set on 
the pooled SMDs. A funnel plot was constructed to assess publi-
cation bias which might affect the validity of the estimates. The 
symmetry of the funnel plot was further evaluated by Egger's 
linear regression test (33). All tests were two‑sided and a P‑value 
of <0.05 was regarded as statistically significant. To ensure that 
the results were credible and accurate, Stata software, version 
12.0 (Stata Corp, College Station, TX, USA) was used for statis-
tical analysis.

Results

Baseline characteristics of the included studies. The original 
search yielded a total of 225  papers associated with the 
searched keywords and a flow chart of the study selection 
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process is presented in Fig. 1. Through the step of screening 
the title and key words, 133 of these articles were excluded 
(3 were duplicates, 39 were letters, reviews or meta‑analyses, 
44  were not human studies, and 47  were not related to 
the research topics). The full‑texts from 92 articles were 
reviewed and an additional 80 trials were excluded (22 were 
not case‑control or cohort studies, 27 were not relevant to 
CRP and 31 were not relevant to infant pneumonia), leaving 
12 studies for further review. Of these, 2 were abandoned 
as they did not supply enough information; therefore, 10 
papers (25‑28,34‑39), which included 652 patients with infant 
pneumonia and 845 healthy controls, were finally found to 
conform to the inclusion criteria. Publication years ranged 

from 1993 to 2014. The articles were case‑control studies 
that evaluated the correlation between CRP serum levels and 
infant pneumonia in Asian populations (6 studies), African 
populations (1 study) and Caucasian populations (3 studies). 
The detection methods applied were enzyme‑linked 
immunosorbent assay (ELISA) and immunonephelometry. 
Immunonephelometry is the most commonly method utilized 
in the studies included in the present meta‑analysis. All 
quality scores of the enrolled papers were >7 (high quality). 
Table I summarizes the characteristics and methodological 
quality of the extracted studies. The number of articles 
selected from the electronic databases over the years 2001 to 
2014 are shown in Fig. 2.

Figure 1. Flow chart showing the study selection procedure. Ten case-control studies were included in this meta-analysis.

Figure 2. Distribution of topic-related literature in electronic databases over a 14‑year period.
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CRP serum levels in infant pneumonia. A total of 
10  case‑control studies considered the CRP serum levels 
in infant pneumonia. The results concerning the correla-
tion between the levels of CRP and infant pneumonia are 
presented in Fig. 3. The random‑effects model was used as 
heterogeneity existed (P<0.001). The meta‑analysis results 
identified a positive association between CRP serum levels and 
infant pneumonia (SMD=4.41, 95% CI: 3.34‑5.47, P<0.001). 
Subgroup analysis based on ethnicity implied that high levels 
of serum CRP may be the main risk factor of infant pneumonia 
in Asian (SMD=5.61, 95% CI: 4.17‑7.05, P<0.001), African 
(SMD=0.64, 95%  CI: 0.10‑1.19, P<0.001) and Caucasian 
(SMD=1.15, 95% CI: 0.35‑1.96, P<0.001) populations (Fig. 4). 
Further subgroup analyses by sample size showed an clear 
association between the levels of CRP and infant pneumonia 
in large sample and small sample subgroups (small sample 
size: SMD=5.79, 95% CI: 4.13‑7.44, P<0.001; large sample 
size: SMD=2.62, 95% CI: 1.06‑4.19, P<0.001).

Sensitivity analysis and publication bias. Each study enrolled 
in the meta‑analysis was evaluated one by one to reflect the 
effect on the significance of the pooled SMDs. The results 
of the sensitivity analysis indicated that the overall statistical 
level of significance did not change when any single study 
was omitted, showing that the current meta‑analysis data is 
relatively stable and credible (Fig. 5). The funnel plots of the 
10 included studies exhibit a slight asymmetry, and Egger's 
test showed a publication bias in this meta‑analysis (t=4.16, 
P=0.001; Fig. 6).

Discussion

The current meta‑analysis considered previous findings from 
relevant studies in an attempt to determine the correlation 
between serum levels of CRP and the pathogenesis of infant 
pneumonia. The principal results of this meta‑analysis indicate 
that the serum CRP levels of newborn infants with pneumonia 
were higher than those of healthy subjects, indicating that 
increased serum levels of CRP might be an important risk 
factor for the occurrence of pneumonia in newborn infants. 
CRP, a major acute phase protein, is a member of the pentraxin 
family and plays a central role in innate and adaptive immu-
nity  (40). The production of CRP is stimulated to a large 
extent by TNF‑α, IL‑6 and IL‑1β in response to infection 
or inflammatory conditions (41). To be specific, a reduction 
in serum CRP levels may present a relief or alleviation of 
the inflammatory process, whereas persistently upregulated 
levels of CRP or an initial reduction followed by a further 
elevation might indicate persistent inflammation and poor 
prognosis (42). Serum levels of CRP are usually very low and 
difficult to detect in normal blood, but may increase rapidly to 
significantly high levels at a very early stage of the infection 
process (43). More importantly, CRP has been indicated to be 
capable of protecting against bacterial infection by binding 
to the pneumococcal C‑polysaccharide and opsonization of 
the bacteria for phagocytosis and killing (41,43). Bacterial 
infection is a crucial risk factor leading to the development 
of neonatal pneumonia (44). In this regard, it is reasonable 
to conclude that serum CRP levels may be implicated in the 

Figure 3. Forest plots for the difference of serum C-reactive protein (CRP) level between infants with pneumonia and healthy controls. SMD, standardized 
mean difference; CI, confidence interval.
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etiology of pneumonia in newborn infants. In accordance with 
the results of the present meta‑analysis, Koster et al measured 
the serum levels of CRP in children and found that serum 
CRP levels were independently correlated with pneumonia, 
indicating that the detection of serum CRP levels may have 
independent value in the diagnosis of pneumonia in children 
in an emergency department with potential pneumonia (24). 
Furthermore, Mintegi et al conducted a prospective multi-
center study based on 188 children younger than 36 months 
cared for in pediatric emergency departments, and suggested 

that serum levels of CRP might be helpful in predicting the 
risk of occult pneumonia in infants with high fever without 
source (45).

Stratified analysis on the basis of ethnicity and sample size 
was rigorously implemented for the purpose of acquiring a more 
accurate and profound understanding of serum CRP levels in 
the etiology of pneumonia in newborn infants. The findings of 
the ethnicity‑stratified analysis revealed that newborn infants 
with pneumonia had higher serum levels of CRP compared 
with healthy controls among Asian, African and Caucasian 

Figure 4. Subgroup analyses for the difference of serum C-reactive protein (CRP) level between infants with pneumonia and healthy controls. SMD, standard-
ized mean difference; CI, confidence interval.
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populations, implying that ethnicity is not a dominant factor 
impacting on the overall results of this meta‑analysis. The 
major discovery of the present meta‑analysis, which is 
partially in conformity with previous studies, is that serum 
CRP levels may participate in the development and progres-
sion of pneumonia in newborn infants, implying that serum 
levels of CRP may be utilized as a valuable biomarker in 
the early prediction of the occurrence and progression of 
pneumonia in newborn infants.

However, the current meta‑analysis has certain limita-
tions. Firstly, retrospective studies have innate limitations 
by nature. This study was conducted with retrospective 
data collection, where tests were prone to rely on previous 
information, and baseline characteristics in the cases and 
controls varied considerably, all of which may contribute 
to a possible selection bias. Secondly, although a method-
ological assessment of the studies was performed to avoid 
selection bias, there was a highly significant heterogeneity 

among the 10 evaluable articles, which may be attributed 
to the fact that the technique used to detect CRP and the 
different backgrounds of the patients may be not comparable 
among studies. Thirdly, the potential publication bias in this 
study; Egger's test showed a publication bias in the current 
meta‑analysis. In addition, language may also introduce bias, 
particularly since only eligible English or Chinese studies 
were selected while certain potentially qualified studies 
were excluded based on language criteria. A fourth potential 
limitation is the relatively small sample size; the results of 
this study require confirmation in prospective randomized 
controlled trials with larger study populations. The above 
limitations may make the data unsuitable for analysis by 
multiple logistic regression and calculation of SMDs to some 
extent. Regardless of the limitations, to the best of our knowl-
edge, this is the first example of a meta‑analysis concerning 
the association of serum CRP levels with the development 
of infant pneumonia. With the application of a statistical 
approach to combine the results from multiple studies in this 
meta‑analysis and to achieve strong objectivity, all research 
methods were carried out with strict inclusion and exclusion 
criteria, suggesting that obtained information may approxi-
mate the actual situation.

In conclusion, the results of this meta‑analysis showed 
that a higher serum CRP level is closely correlated with the 
progression of infant pneumonia. CRP as a general systemic 
inflammation biomarker may help clinicians to make diffi-
cult therapeutic decisions for infant patients with pneumonia, 
according to the present data. If the current results are 
confirmed by further studies with larger sample sizes, the 
use of CRP may improve the present diagnostic strategies for 
pneumonia in children in pediatric clinical practice.
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