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ABSTRACT 
Introduction. Pneumonia in children causes a high rate of morbidity and mortality, especially in young children. The 
evolution and prognosis are influenced by a series of clinical-biological parameters, in relation to the child’s age and 
the therapy received.
Objectives. Assessment of proinflammatory status in patients with pneumonia.
Material and methods. The study was conducted at the Pediatrics Clinic I within the Emergency County Clinical Hos-
pital in Tg. Mures, Romania, between September 2018 and December 2019 and included 95 patients.
Results. Analysis of the serum level of C-reactive protein, the high-sensitive form (hsCRP), showed a positive cor-
relation, statistically significant between its level at admission and the number of neutrophils at admission (p = 03169, 
r = 0.2801), respectively a negative correlation, statistically significant between its level at discharge and the level of 
leukocytes (p = 0.0253, r = -0.2911), monocytes (p = 0.0014, r = -0.4105) and neutrophils (p = 0.0335, r = -0.2793) 
at discharge. From the three monitored cytokines (IL-1β, IL-6 and TNF-α) statistically significant correlations were 
observed for TNF-α. Thus, a positive, statistically significant correlation was identified between lymphocyte values (p 
= 0.0007, r = 0.3448), monocytes (p = 0.00563, r = 0.2896) and platelets (p = 0.0335, r = 0.2195) at admission with 
the values of the serum marker TNF-α. Also, a negative, statistically significant correlation was identified between 
hemoglobin values (p = 0.0034, r = -0.328) and hematocrit (p = 0.0004, r = -0.3932) at discharge and the TNF-α 
serum marker values. The following correlations were observed: negative correlation, statistically significant between 
TNF-α and NLR (p = 0.0144, r = -0.2601), NPR (p = 0.0473, r = -0.2051) and PLR (p = 0, 0138, r = -0.2602), positive 
correlation, statistically significant between hsCRP at admission and NLR (p = 0.0124, r = 0.3264), NPR (p = 0.0073, 
r = 0.3460) and positive correlation, statistically significant between hsCRP at discharge and NLR (p = 0.0189, r = 
0.3128), PLR (p = 0.0036, r = 0.3831).
Conclusions. Our study showed that the values of neutrophils, lymphocytes, monocytes and platelets, NLR, PLR 
and TNF-α were significantly increased in pneumonia, correlating with C-reactive protein, highlighting the early in-
flammatory status in this condition.

Keywords: pneumonia in children, cytokines, IL-1β, IL-6, TNF-α, antibiotic therapy

Ref: Ro J Pediatr. 2020;69(2) 
DOI: 10.37897/RJP.2020.2.12

Article History:
Received: 25 May 2020
Accepted: 12 June 2020

1IOSUD, “George Emil Palade” University of Medicine, Pharmacy, Science and Technology, 
Tg. Mures, Romania

2Department of Pathology, Mureș County Clinical Hospital, Tg. Mures, Romania 
3Pediatrics Clinic, “George Emil Palade” University of Medicine, Pharmacy, Science and Technology, 

Tg. Mures, Romania
4Department of Laboratory Medicine, “George Emil Palade” University of Medicine, Pharmacy, Science 

and Technology, Tg. Mures, Romania
5CCAMF, “George Emil Palade” University of Medicine, Pharmacy, Science and Technology, 

Tg. Mures, Romania
6Faculty of Pharmacy, “George Emil Palade” University of Medicine, Pharmacy, Science and Technology, 

Tg. Mures, Romania



Romanian JouRnal of PediatRics  – Vol. lXiX, no. 2, YeaR 2020 141

INTRODUCTION

Pneumonia in children leads to a high rate of mor-
bidity and mortality, especially in young children (1). 
The evolution and prognosis are influenced by a series 
of clinical-biological parameters, in relation to the 
child’s age: newborn, infant, toddler, preadolescent. 
Severe cases with poor therapeutic response are often 
followed by patient death (2).

There are several risk factors for severe respiratory 
infections: prematurity, low birth weight (LBW) or 
very low birth weight (VLBW), patients with age un-
der 3 months, and patients with congenital cardiac 
malformations (left-to-right cardiac shunt) or lung 
malformations or other chronic pathologies (heart 
failure, chronic obstructive pulmonary disease, diabe-
tes etc.) (3,4). Other significant risk factors are lack of 
breastfeeding, malnutrition, poor access to health ser-
vices and low socioeconomic status of the child’s 
family (5,6).

The etiology of pneumonia in children varies 
greatly with age and only partially overlaps with what 
happens in the adult population (7). Thus, from new-
borns to the age of 3 weeks, bacterial infections with 
Streptococcus group B, some Gram-negative germs 
and Streptococcus pneumoniae predominate. After 
the age of 3 weeks, until the first three months of life, 
viral infections with respiratory syncytial virus, rhi-
noviruses, parainfluenza virus, influenza virus, adeno-
virus predominate, to which are added bacterial infec-
tions with Streptococcus pneumoniae, H. influenzae. 
After the age of 4 months, up to 4 years, in addition to 
the ones mention above, there are also Mycoplasma 
pneumoniae, Streptococcus group A. After the age of 
5, viral infections with Mycoplasma pneumoniae, 
Streptococcus pneumoniae, Chlamydophila pneumo-
niae, H. influenzae predominate, and viral infections 
are rarer, being represented by influenza virus, adeno-
virus and other respiratory viruses (8-10).

Along with the usual laboratory tests, more and 
more studies report the role of biomarkers in identify-
ing inflammatory status - inflammatory cytokines - in-
terleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-12 
(IL-12) and tumor necrosis factor-α (TNF-α) and oxi-
dative stress (catalase, total antioxidant capacity, su-
peroxide desmutase, oxidized glutathione/glutathione 
reduced ratio) (11,12).

PURPOSE

The aim of the study is to assess the proinflamma-
tory status in children with antibiotic-treated pneumo-
nia.

MATERIAL AND METHODS

The study was a prospective one conducted at the 
Pediatrics Clinic I within the Emergency County 
Clinical Hospital in Tg. Mures, Romania, between 
September 2018 and December 2019, and included 95 
patients, aged between one month and 16 years. The 
inclusion criteria in the study were: children with 
pneumonia, hospitalized in the Pediatric Clinic, where 
informed consent was obtained from parents or legal 
guardians. Exclusion criteria included: other infec-
tious or non-infectious pathologies of other organ sys-
tems and lack of cooperation from relatives.

The analyzed variables were: patient age, patient 
sex, patient weight, hospitalization diagnosis, com-
plete blood count at hospital admission and discharge, 
reactive protein C values at hospital admission and 
discharge, serum levels of IL-1β, IL-6 and TNF-α, an-
tibiotic therapy, the evolution of the patient and the 
number of days of hospitalization.

In order to determine the serum level of cytokines, 
the multiplex technique and xMAP technology were 
used, on the Flexmap 3D analyzer using the Human 
Cytokine Magnetic bead panel Milliplex kit, accord-
ing to the instructions given by the manufacturer. Per-
formance characteristics of the kit: detection limit of 
1.2 pg/ml for TNF-α, 1.0 pg/ml for IL-1β and 1.3 pg/
ml for IL-6, and coefficient of variation intra- and in-
ter-run below 5% respectively 15%.

Descriptive and analytical statistics were per-
formed using SPSS v17.0, GraphPad Prism 8 and 
XLSTAT-Lite 2015 software for Windows 10 Pro. In 
order to eliminate the aberrant values, the Grubbs test 
was performed. The Kolmogorov-Smirnov test was 
applied before the correlation tests were applied. In 
order to correlate the values n the blood count and the 
serum levels of IL-1β, IL-6 and TNF-α, the Pearson 
test for parametric data and the Spearman test for non-
parametric data were performed. The significance 
threshold chosen for p was 0.05.

All parents or relatives have signed informed con-
sent for the inclusion of their children in the study. 
The study was conducted according to the principles 
of the Helsinki Declaration and was approved by the 
Ethics Commission of the “George Emil Palade” Uni-
versity of Medicine, Pharmacy, Science and Technol-
ogy  in Tg. Mures no. 71/27.04.2018.

RESULTS

The average age of the children in our study was 
31.19 +/- 33.75 months (with a range between one 
month and 195 months (16 years and 3 months). In 
our study, most cases of respiratory infections were 
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recorded) in the first two years of life: 63 cases 
(66.31%), of which in the first year of life 41 cases 
(43.15%) and 22 cases (23.15%) in the second year of 
life. Among the risk factors present in patients from 
the target group we mention: malnutrition (12 cases 
– 12.63%), anemia (42 cases – 44.21%), social cases
(11 cases – 11.57%), congenital heart malformations
with left-right shunt (two cases – 2.10%) and epilepsy
with chronic encephalopathy (one case – 1.05%). The
distribution by sex shows a slight predominance of
females in 51 cases (53.68 %%), compared to male
patients in 44 cases (46.31%).The average weight of
the patients was 11.4 +/- 7.52 kg, with a minimum of
3.5 kg and a maximum of 47 kg. The distribution by
sex and age groups of the cases studied is illustrated in
figure 1.

An important parameter followed was the number 
of hospitalization days, which ranged from one-day 
hospitalization to 15 or 17 days in severe cases, with 
an average of 6.91 days (standard deviation SD +/- 
2.82) days for all study group. Of the 95 patients in-
cluded in the study, 88 patients had a favorable evolu-

tion, and patients with multiple comorbidities were 
discharged in an improved condition. The graphical 
representation according to the number of hospitaliza-
tion days is presented in figure 2.

The proposed treatments for patients with pneu-
monia in our group included the administration of an-
tibiotics in 68 patients (71.27%). From the total of 68 
patients who underwent antibiotic treatment, 63 had a 
favorable evolution. In 5 patients there was no im-
provement in symptoms under initial treatment and 
they needed to add another antibiotic or replace the 
initial treatment with a new treatment regimen. Most 
of the patients received Ceftriaxone (27 patients – 
39.70% of those treated with antibiotics). Ampicillin 
was given to 17 patients (25% of those treated with 
antibiotics). Other antibiotics administered were: 
Clindamycin (16 patients – 23.52%), Cefuroxime (6 
patients – 8.82%), Amoxicillin with clavulanic acid 
(one patient – 1.47%) and Clarithromycin (one patient 
– 1.47%). All patients treated with Cefuroxime or
Ampicillin, either alone or in combination with an-
other antibiotic, had a favorable evolution.

Figure 1. Distribution by age groups and by sex of patients

Figure 2. Distribution of cases according to the number of days of hospitalization
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Statistical analysis between serum levels of C-re-
active protein, high-sensitivity form (hsCRP), showed 
a positive correlation, statistically significant between 
the level at admission and the number of neutrophils 
at admission (p = 0.3169, r = 0.2801), respectively a 
negative correlation, statistically significant between 
the level at discharge and the level of leukocytes (p = 
0.0253, r = -0.2911), monocytes (p = 0.0014, r = 
-0.4105) and neutrophils (p = 0.0354, r = -0.2793) at
discharge. Of the three monitored cytokines, we ob-
tained statistically significant correlations for TNF-α.
Thus, a positive, statistically significant correlation
was identified between lymphocyte values (p =
0.0007, r = 0.3448), monocytes (p = 0.0056, r =
0.2896) and platelets (p = 0.0335, r = 0.2195) at hos-
pitalization with the values of the serum marker TNF-α.

Also, a negative correlation was identified, statistically 
significant between hemoglobin values (p = 0.0034, r = 
-0.328) and hematocrit (p = 0.0004, r = -0.393) at dis-
charge with serum marker TNF-α values.

The statistical analysis also included the ratio be-
tween neutrophils and lymphocytes (NLR) (n = 94) 
with an average value of 3,003 +/- 4.87, the ratio be-
tween neutrophils and platelets (NPR) (n = 94) show-
ing an average value of 0.02 (Std Dev +/- 0.02) and 
the ratio of platelets to lymphocytes (PLR) (n = 94) 
expressing an average value of 127.82 +/-101.51. The 
obtained results show the following correlations: neg-
ative correlation, statistically significant between 
TNF-α and NLR (p = 0.0144, r = -0.2601), NPR (p = 
0.0473, r = -0.2051), PLR (p = 0.013, r = -0.2602), 
positive correlation, statistically significant between 

Table 1. Correlations between hematological parameters and inflammatory markers

The  analyzed variables 
IL-1 β pg/ml IL-6 pg/ml TNFα pg/ml PCR mg/dl

n p n p n p n p

Hb
g/dl

Admission 67 0.5668 66 0.4178 94 0.1594 61 0.3527

Discharge 59 0.1461 55 0.7432 78
0.0034

r = -0.328
59 0.3240

Htc %
Admission 66 0.6429 66 0.4999 94 0.0724 61 0.2768

Discharge 58 0.2371 55 0.5196 78
0.0004

r = -0.393
59 0.1292

Le
103/µl

Admission 65 0.8799 64 0.3419 92 0.1914 61 0.8109

Discharge 58 0.5174 55 0.4596 78 0.6411 59
0.0253

r = -0.2911

Li
103/µl

Admission 66 0.9194 66 0.7565 93
0.0007

r = 0.3448
60 0.0605

Discharge 56 0.3478 53 0.4631 76 0.0626 58 0.3896

Mo
103/µl

Admission 64 0.8380 63 0.1069 90
0.0056

r = 0.2896
60 0.9506

Discharge 57 0.2267 54 0.3788 77 0.0990 58
0.0014

r = -0.4105

Ne
103/µl

Admission 66 0.5759 63 0.4649 90 0.2198 61
0.0317

r = 0.2801

Discharge 56 0.8610 53 0.3050 76 0.1883 57
0.0354

r = -0.2793

P
103/µl

Admission 67 0.8598 66 0.9630 94
0.0335

r = 0.2195
59 0.0636

Discharge 57 0.1529 54 0.3232 76 0.0723 59 0.8944

Table 2. Correlations between NLR, NPR, PLR and inflammatory markers

The  analyzed 
variables

NLR NPR PLR
n p n p n p

IL-1 pg/ml 63 0.3121 68 0.6993 63 0.4517
IL-6 pg/ml 61 0.2093 66 0.5482 62 0.8522

TNF pg/ml 88
0.0144

r = -0.2601
94

0.0473
r = -0.2051

89
0.0138

r = -0.2602
PCR  mg/dl – 

admission
58

0.0124
r = 0.3264

59
0.0073

r = 0.3460
60 0.1230

PCR  mg/dl – discharge 56
0.0189

r = 0.3128
59 0.2166 56

0.0036
r = 0.3831
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hsCRP at admission and NLR (p = 0.0124, r = 0.3264), 
NPR (p = 0.0073, r = 0.3460) and positive correlation, 
statistically significant between hsCRP at discharge 
and NLR ( p = 0.0189, r = 0.3128), PLR (p = 0.0036, 
r = 0.3031). Table 2 shows the values of the correla-
tions made between these reports and the serum in-
flammatory markers.

DISCUSSIONS

In most cases, the diagnosis of pneumonia is estab-
lished based on clinical and radiological criteria. 
However, there are situations in which further investi-
gations are needed, especially in the overlapping of 
viral and bacterial infections (13).

The etiology of lower respiratory tract infections 
differs slightly in the pediatric population from the 
adult population. In children, viral infections include 
mainly Human rhinovirus, Human metapneumovirus 
(HMP) and respiratory syncytial virus (RSV), and 
among the bacteria Haemophilus influenzae, Staphy-
lococcus aureus and Streptococcus pneumoniae. The 
treatment also differs between the two populations, as 
in children there is a very good response to beta-lac-
tams such as Amoxicillin / Ampicillin or cephalospor-
ins, while in adults, due to drug resistance, combined 
therapies are often needed (14,15).

In our study, 68 patients out of 95 (71.27%) had 
bacterial pneumonia and needed antibiotic treatment. 
A recently published meta-analysis monitored numer-
ous studies and literature reviews on empirical antibi-
otic treatments for pneumonia in infants and children. 
This article has shown that despite numerous WHO or 
other international guidelines, antibiotic therapy is 
still very heterogeneous. Based on the recommenda-
tions of the WHO guidelines, pneumonia in children 
can be very severe, severe or non-severe. Antibiotic 
therapy is recommended in very severe or severe 
forms. The first recommended antibiotics are amoxi-
cillin or ampicillin, followed by third-generation 
cephalosporins (16).

A study carried out on the basis of questionnaires 
addressed to 120 respondents, most of them pediatri-
cians, showed that there were very large differences in 
the adherence of prescribers to the recommendations 
of international guidelines (17).

According to the recommendations of the Ameri-
can Academy of Pediatrics, in each serious case the 
initial diagnosis will be re-evaluated. In case of atypi-
cal forms of pneumonia, atypical or less common eti-
ological agents will be sought. In general, uncompli-
cated pneumonia will be cured within a maximum of 
7 days, under appropriate treatment, including antibi-
otics. In patients with other comorbidities, especially 

neuromuscular diseases, pneumonia tends to be se-
vere and often caused by treatment-resistant infec-
tious agents (18). In our study, the average of the hos-
pitalization days was 6.71. Longer hospitalization 
periods have been reported in patients with comor-
bidities.

In our study the most used antibiotics were Ceftri-
axone, followed by Ampicillin and Clindamycin. 
Clarithromycin was used in only one patient. Recent 
studies show the first line in the treatment of pneumo-
nia are β-lactams. It is preferred that the first antibi-
otic for hospitalized patients be Penicillin G or Ampi-
cillin. Amoxicillin, whether or not combined with 
clavulanic acid, is recommended in patients with mild 
forms. This treatment can be given orally to outpa-
tients. Macrolides are especially recommended in 
cases of pneumonia with Mycoplasa pneumoniae or 
Chlamydophila pneumoniae (19-21).

A topic often debated in the literature is related to 
external risk factors. This category includes domestic 
or indoor pollution (socio-economic conditions of the 
family, nutritional status, personal hygiene or one or 
more smoker between the family members). One of 
the most important risk factors is the lack of vaccina-
tion (immunization), regardless of whether it is bacte-
ria or viruses (including measles) (22). By success-
fully applying the bivalent vaccine against 
Haemophilus influenzae type B and Streptococcus 
pneumoniae, the incidence of respiratory infections in 
children has been greatly reduced, especially under 5 
years old. Basically, immunization has proven to be 
the most important method of preventing pneumonia. 
The recommended treatment for mild forms is oral 
antibiotic therapy and in severe forms it is parenteral 
administrated antibiotic therapy (23). Our study also 
included 11 patients considered social cases.

The diagnosis and management of pediatric pa-
tients with pneumonia applies to all types of clinical 
and paraclinical investigations: imaging diagnosis, 
microbiological diagnosis, laboratory tests – com-
plete blood count and serological markers (procalci-
tonin - PCT and C-reactive protein). Each of these 
helps to differentiate viral from bacterial pneumonia, 
and finally in the indication or not of antibiotic thera-
py (24). The concentration of procalcitonin (PCT) be-
low 2.5 ng/ml correlates with mild infections, and 
high concentrations correlate with severe forms, 
which require emergency presentation and are associ-
ated with complications and prolonged hospitaliza-
tion. PCT could be used as a biomarker to guide the 
need for antibiotic treatment (25).

In a multicenter, retrospective cohort study, the 
prevalence of bacteremia in children with ages be-
tween 3 months and 18 years, who were hospitalized 
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with pneumonia, was analyzed. Several parameters 
were analyzed to identify predictors for bacteremia. 
Thus, ROC curves were performed for the total num-
ber of C-reactive protein, ESR and leukocytes. The 
most important predictors as independent factors as-
sociated with bacteremia were leukocytosis, the char-
acteristic radiological appearance and pleural compli-
cations, the presentation of the patient in emergency 
system and the number of days of hospitalization.

According to the authors, as the prevalence of bac-
teremia was very low, of 2.2% (1 in 400 patients), 
blood cultures in these patients should be discouraged 
(26).

In our study we monitored the classic parameters 
for assessing inflammatory status: complete blood 
count, body temperature and C- reactive protein at ad-
mission and discharge. In order to establish the clini-
cal-biological correlations, we also dosed the modern 
inflammatory markers, from the blood collected at 
hospitalization: IL-1β, IL-6, TNF-α.

Numerous recent studies have reported the analy-
sis of biomarkers in various infectious (pneumonia) 
or non-infectious pathologies (acute myocardial in-
farction or chronic inflammatory bowel disease). A 
prospective observational study performed on a group 
of 66 patients analyzed the predictive value of pro-
adrenomedulin (Pro-ADM) and interleukin 1 beta 
(IL-1β) to stage the severity of the disease. These bio-
markers were determined from blood samples taken 
from patients at the time of admission and were ana-
lyzed compared to the blood count and C-reactive 
protein, in parallel with the severity of the disease. 
Pro-ADM proved to be the best biomarker for staging 
the severity of the disease, and both biomarkers had 
increased serum values in patients with complications 
due to the disease (27).

Another prospective cohort study that included 
196 patients with pneumonia, tested 21 cytokines and 
systemic chemokines. The strongest statistical asso-
ciations were recorded between the severity of the 
disease and IL-6, IL-8, IL-13 and IFN-γ. As in our 
study, no statistically significant correlations were ob-
tained between the total number of leukocytes and 
cytokines (28). The relationship between IL-6 (pro-
inflammatory cytokine) and IL-10 (anti-inflammatory 
cytokine) was also studied to establish the severity of 
the disease and the patient’s evolution, respectively 
the attempt to establish the bacterial or viral etiology 
of pneumonia (29). 

A prospective study of 322 patients under 5 years 
old, of which 166 patients were finally selected, ana-
lyzed numerous cytokines (IL-1β, IL-2, IL-4, IL-5, IL 
-6, IL-8, IL-10, IL-12, TNF-α and IFN-γ) and
chemokines (CCL2, CCL5, CXCL9, CXCL10). Of
these, IL-6, IL-8, IL-10, CCL2, and CXCL10 had de-
tectable values. IL-6 had a predictive value for pneu-
mococcal pneumonia (30). Another study included
430 children with severe and non-severe pneumonia
where 27 cytokines were tested. Of these, IL-6 and
G-CSF (granulocyte-colony stimulating factor) were
correlated with disease severity (31).

The relationship between the values of the ele-
ments in the peripheral blood and their predictive 
value is a widely studied topic today. These indicators 
are used in chronic inflammatory diseases such as sys-
temic lupus or in metabolic syndrome (32,33). These 
reports are particularly useful for assessing the re-
sponse to chemotherapy of different types of cancer 
(34). They have also been studied in the case of pneu-
monia, both in children and adults (35,36). In our study 
we analyzed all three reports: NLR, NPR and PLR and 
found significantly statistical correlations in pediatric 
patients with pneumonia, for hsCRP and TNF-α.

The main limitations of our study were the rela-
tively small number of patients included in the study 
(n = 95) due to the particularity of the pathology and 
the performance of the study in only one center. An-
other limitation was the measurement of biomarkers 
only from the blood collected at the admission of the 
patients and the analysis of only a small number of 
cytokines (IL-1β, IL-6 and TNF-α), with the lack of 
analysis of others already reported in the literature 
(procalcitonin, IL-8 , IL-10, IFN-γ, CCL2, and 
CXCL10).

CONCLUSIONS

Pneumonia in children is associated with an in-
flammatory status of varying degrees depending on 
the type of pneumonia. Our study showed that the val-
ues of neutrophils, lymphocytes, monocytes and 
platelets, NLR, PLR and TNF-α were significantly 
increased in pneumonia, correlating with C-reactive 
protein, highlighting the early inflammatory status in 
this condition. Early determination of the inflamma-
tory status associated with pneumonia in children is 
essential to make a diagnosis as soon as possible and 
prevent complications that may occur.
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