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ABSTRACT
Objective: The purpose of our retrospective study was to investigate the necessity of some laboratory testing in patients
with acute bronchiolitis before and after treatment. Methods: We have taken blood samples of all children puncturing
the cubital vein, and analyzed it using the Colter appliances-automatic counter blood count, for analyzes of some
erythrocytes, leukocytes, platelets, differential blood count, Hct, Hb. CRP concentration in serum of patients determined
by laser nephelometry with CardioPhase® high sensitivity C-reactive protein (hsCRP). For assessment of acid-base status
and arterial blood gas analysis were used ABL5 and ABL700 Radiometer Copenhagen. We monitored the following
parameters: pH, pCO2, HCO3

−, total CO2, base excess, pO2, SpO2. Results: There was a significant improvement of
hypoxemia after management of acute bronchiolitis in the form of a significant increase in average values of pO2 and
SpO2 after treatment of acute bronchiolitis. The mean value of the number of leukocytes and value of CRP in children
were significantly decreased before and after management of acute bronchiolitis. There was no significant difference in
duration of hospitalization in term and preterm newborns. Conclusion: No diagnostic tests are used routinely. However,
there is an improvement of hypoxemia after management of acute bronchiolitis in children.
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Introduction

In 2006, a subcommittee of the American Academy of Pediatrics
(AAP) together with the European Respiratory Society (ERS)
underlined that bronchiolitis is a clinical diagnosis, recognized
as “a constellation of clinical symptoms and signs including
a viral upper respiratory prodrome followed by increased res-
piratory effort and wheezing in children less than 2 years of
age” [1,2]. Pediatricians can do a review of children with acute
bronchiolitis possible when there is some level of diagnostic
uncertainty and to make the best decision on further treatment
of a child. Testing of blood samples is not routine, nor have
clinical value to the guidelines, but in practice, it is the most
frequent searches in children with acute bronchiolitis [3-5]. The
tests that are done are complete blood counts, C-reactive protein,
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electrolytes with suspected problems with feeding and signs of
dehydration [1,3,6].

Disturbances in total and differential blood count of leuko-
cytes do not foresee a severe bacterial infection in infants and
young children hospitalized with a lower respiratory tract infec-
tion with a respiratory syncytial virus [1,3,7].

An increase in white blood cells is usually a sign that your
body is fighting an infection. A blood test can also determine
whether the level of oxygen has decreased in your child’s blood-
stream [3,7].

There is no agreement on the level of oxygen saturation to be
achieved in children with acute bronchiolitis because Scottish
national guidelines on acute bronchiolitis from 2006, recom-
mend oxygen saturation 94% or higher while AAP and WHO
guidelines recommend a target of 90% SpO2 [1,2,8].

Some studies have shown that the achievement of 90% oxy-
gen saturation impact on reducing the length of stay in hospital
compared to 94% oxygen saturation. AAP guide proposes to
reduce the level of monitoring how a baby is improving [2,3].

Management of acute bronchiolitis is supportive, as no medi-
cal treatment has shown to improve important clinical outcomes,
such as length of hospital stay, use of supportive care or transfer
to an intensive care unit [6,8,9].

The purpose of our study was to examine hematological
parameters, acid-base status and arterial blood gas analysis in
patients with acute bronchiolitis before and after treatment, as
the most common medical reason for admission of children to
pulmonology department.

MATERIALS AND METHODS

The study was retrospective and included 123 patients with
acute bronchiolitis in 2013, treated at the Department of Pul-
monology of Paediatric Clinic of University Clinical Center Sara-
jevo in Bosnia and Herzegovina, where the study was conducted.
Criteria for inclusion in the study was the first episode of acute
bronchiolitis, clinical diagnosis of bronchiolitis guidelines de-
fined by the American Academy of Paediatric Clinical Practice
[2]. Criteria for exclusion from the study are the existence of
chronic diseases, the presence of congenital heart disease ac-
companied by cyanosis; requiring diuretics with or without
pulmonary hypertension; pulmonary disease requiring oxygen
support with or without the occurrence of pulmonary hyper-
tension presence of neuromuscular diseases, immunodeficiency,
hemoglobinopathies.

Blood samples from children were taken penetrating in cu-
bital vein, and it was analyzed using the Colter appliances –
automatic counter blood count, for analyzes number of ery-
throcytes, leukocytes, platelets, differential blood count, MCV,
Hct, Hb. All samples were analyzed in the laboratory center
at clinical center. Our instruments are regularly tested that the
measurements are accurate.(Table 1)

CRP concentration in serum of patients is determined by laser
nephelometry (BN II analyzer). As a reagent for this method was
used CardioPhase hsCRP (Siemens, Erlangen, Germany), high
sensitivity C-reactive protein (CCRP), quantitatively measure
CRP levels in human serum and heparinized plasma. All pa-
tients have performed a physical examination, chest radiogram,
sputum examination, blood gas test.

Blood gas analysis was carried out on appliances ABL 5 (Ra-
diometer, Copenhagen, Denmark) and ABL 700 (Diamond Diag-
nostics, Holliston, USA). Heparinized capillary blood is used for
blood gas analysis.

Table 1 Reference range of parameters used in the study.

Parameter Referent value The unit of measurement

Erytrocytes 4.4 – 5.8 x 1012/L

Platelets 150.0 - 400.0 x 109/L

Leukocytes 9.0-30.0 x 109/L

Neutrophils 40-70 %

Lymphocytes 30-50 %

Monocytes 2-10 %

Eosinophils 1-6 %

Basophils 0-1 %

pH 7.35 – 7.45 -

pCO2 4.66 – 6.13 kPa

HCO3
− 23 - 27 mmol/L

Total CO2 24 - 30 mmol/L

Base excess (BE) -2.3 to + 2.3 mmol/L

pO2 11.06 – 13.3 kPa

O2 sat. 95 - 100 %

CRP 0-5 mg/L

MCV 72-88 fL

HCT 32-42 %

Hb 10.5-14.0

Statistical analysis was performed using SPSS (Statistical
Package for Social Sciences), version 19.9, and Microsoft Office
Excel, version 2013, analyzing the mean (χ2), standard deviation
(SD), minimum (min.) and maximum (max.) value. Categor-
ical variables are presented as numbers, percentage, mean ±,
standard deviation (SD). To determine the significance of dif-
ferences between categorical variables was used chi-square test.
Performed calculations are showing normal distribution of data.
Student’s t-test tested the significance of differences in continu-
ous variables for small independent samples. Values of p <0.05
were considered statistically significant.

Results

Acute bronchiolitis was diagnosed in 123 children, 69 (56.1%) of
them were male and 54 (43.9%) were female children. There were
102 (82.8%) term newborns and 21 (17.1%) premature infant. Of
the total number of term infants 52 (52.9%) were male and 48
(47.1%) female, while a total number of preterm newborns 15
(71.45%) were male and 6 (28.6%) were female. There was no as-
sociation between sex and gestation duration (χ2=2.417; p=0.120,
p>0.05). An average age of children were 3.66±2.14 months
(range 1 to 14 months). The average age of boys was 3.86±2.48
months while the average years of girls were 3.14±1.60 months.
The most common symptom was caught, in 103 (83.7%) children,
while other symptoms were: dyspnea 14 (6.4%), rhinorrhea 74
(60.2%) and fever 17 (22.0%).

The most common form of treatment used in 98 (79.7%) chil-
dren with acute bronchiolitis was treatment with corticosteroids,
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Table 2 Parameters of acid-base status before treatment.

Parameter Number (n) Referent value Increased value Decreased value

pH 103 85 (82.5) 7 (6.8) 11 (10.7)

pCO2 (kPa) 102 51 (50.0) 15 (14.7) 36 (35.3)

pO2 (kPa) 85 - - 85(100)

Tot CO2 (mmol/L) 75 41 (54.7) 3 (4.0) 31 (41.3)

HCO3
− (mmol/L) 98 45 (45.9) 10 (10.2) 43 (43.9)

BE (mmol/L) 101 58 (57.4) 9 (8.9) 34 (33.7)

O2 sat. (%) 121 39 (32.2) - 82 (67.8)

Table 3 Parameters of acid-base status before and after treatment.

Parameter Before treatment After treatment p-value

pH 7.39±0.01 7.41±0.01

pO2 7.03 ± 0.28 8.56 ± 0.42
p = 0.004;

p <0.05

pCO2 (kPa) 5.30±0.20 5.08±0.18

Tot CO2 (mmol/L) 25.23±0.72 25.21±0.95

HCO3
− (mmol/L) 23.67±0.61 24.08±0.61

O2 sat. 85.10±1.84 91.29±1.09
p=0.006;

p<0.05

salbutamol inhalation in 97 (78.9%) children, inhalation of saline
solution in 79 (64.2%) children, antibiotic treatment in 56 (45.5%)
children and oxygen treatment in 28 (22.8%) children.

The average duration of hospitalization of children with acute
bronchiolitis was 5.23±2.34 days, range 2 to 14 days. The mean
duration of hospitalization for term newborns was 5.26±2.18
days (range 2-13 days), and for a preterm infant was 5.05±3.04
days (range 2-14 days). There was no significant difference in
duration of hospitalization in term and preterm infants (p=0.70;
p>0.05).

The values of pO2 were reduced in 85 children before treat-
ment, and 82 children had a value of saturation of O2 lower than
the lower reference limits. (Table 2)

Application of treatment achieves the increase of pH levels,
HCO3

−, and a decrease of pCO2 and total CO2. (Table 3)
Average values of pO2 in children with bronchiolitis before

treatment were significantly lower about the values measured
after the administration of therapy. (Table 3)

Average values of O2 saturation in children with acute bron-
chiolitis before treatment were significantly lower about the
values measured after the administration of therapy. (Table 3)

Table 3 showed a significant increase in mean values of p02
and CRP after treatment of children with acute bronchiolitis
(p<0.05).

By analyzing the values of hematological parameters, we
found that the value of CRP, leukocytes count and MCV in
most children with bronchiolitis included in our study before
treatment were within referent values. In peripheral blood
were lower values of erythrocytes, hemoglobin, hematocrit, neu-
trophils, eosinophils, while values of platelets and leukocytes

were increased. (Table 4)
The average value of the number of leukocytes in children

with bronchiolitis before treatment was significantly higher com-
pared to the values measured after administration of therapy.
(Table 5)

The average value of C-reactive protein in children with bron-
chiolitis before treatment was significantly higher compared to
the values measured after administration of therapy. (Table 5)

No evidence of significant differences in the values of red
blood cell count, platelet count, mean cell volume, hemoglobin
and hematocrit in children with bronchiolitis before and after
administration of appropriate treatment.

Table 5 showed a significant decrease in mean values of leuko-
cytes count and CRP after treatment of children with acute bron-
chiolitis (p<0.05).

Discussion

Our results are partially in line with the results of other studies
regarding gender representation and age. In our retrospective
study, most children were term newborns. Premature infants
have more severe bronchiolitis in contrast features according to
the literature.

According to the Scottish Intercollegiate Guidelines Network
leading symptoms a dry cough, dyspnea, and wheezing [1]. The
most common symptom in our study was a cough, then dyspnea
and fever. The term newborns compared to preterm infants
had a higher incidence of dyspnea, fever, and cough, while the
frequency of rhinorrhea was higher in preterm compared to term
newborns.

Amina Selimović et al./ International Journal of Surgery and Medicine (2016) 2(3): 171-175



Table 4 Hematological parameters before treatment in children with bronchiolitis.

Parameters
Number (n)

(%)

Referent value

(%)

Increased value

(%)

Decreased value

(%)

Erytrocytes 119 (100%) 56 (47.1%) - 63 (52.9%)

Plateletes 119 (100%) 34 (28.6%) 85 (71.4%) -

Leukocytes 121 (100%) 93 (76.9%) - 28 (23.1%)

Neutrophils 51 (100%) 18 (35.3%) 2 (3.9%) 31 (60.8%)

Basophils 40 (100%) 40 (100.0%) - -

Eosinophils 49 (100%) 18 (36.7%) 3 (6.1%) 28 (57.1 %)

Lymphocytes 51 (100%) 21 (41.2%) 26 (51.0%) 4 (7.8%)

Monocytes 50 (100%) 40 (80.0%) 10 (20.0%) -

CRP 122 (100%) 88 (72.1%) 34 (27.9%) -

MCV 114 (100%) 70 (61.4%) - 44 (38.6%)

Hb 120 (100%) 9 (7.5%) - 111(92.5%)

Hct 119 (100%) 4 (3.4%) - 115 (96.6%)

CRP - C-reactive protein, MCV - Mean Cell Volume; Hb - Hemoglobin; Hct - Hematocrit; n - number of patients.

Table 5 Hematological parameters in children with acute bronchiolitis before and after treatment.

Parameters Before treatment After treatment P - value

Erythrocytes (x 1012/L) 4.54±0.087 4.80±0.13

Plateles (x 109/L) 580.69±32.04 630.54±48.21

Leukocytes (x 109/L) 15.65±0.93 10.04±0.52 p=0.0001; p<0.05

Neutrophils % 58.34±5.79 51.92±8.22

Basophils % 0.28±0.04 0.34±0.04

Eosinophils % 0.66±0.22 1.04±0.41

Lymphocytes % 30.00±4.71 36.44±5.74

Monocytes % 8.24±1.43 7.26±1.89

CRP mg/L 12.44±2.06 2.6±0.27 p=0.0001; p<0.05

MCV (fL) 78.97±1.43 76.23±1.85

Hb (g/L) 117.33±2.15 121.08±3.49

Hct % 0.36±0.01 1.78±1.41

MCV – Mean Cell Volume, Hb - Hemoglobin; Hct – Hematocrit, ± - mean,

± SEM - standard error of the mean, p - the probability; NS - not significant.
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Application of treatment has led to a rise in average values:
pH, HCO3

− as well as a decline in pCO2 and total CO2. No
evidence of significant differences in the values of pH, pCO2, the
total pCO2, and HCO3

− before and after treatment [10,11]. Aver-
age values of pO2 in infants with bronchiolitis before treatment
were significantly lower compared to the values measured after
administration of the treatment. Average values of O2 saturation
in children with bronchiolitis before treatment were significantly
lower compared to the values measured after treatment [10,11].

Complete blood count is not indicated in assessment and
management of infants with typical acute bronchiolitis. There
has been limited investigation into the role of C-reactive protein
(CRP) measurement in distinguishing bacterial from viral lower
respiratory tract infections. Existing studies are retrospective
or of poor quality and do not provide sufficient evidence upon
which to base a recommendation about bronchiolitis [10,12].

Blood gas analysis (capillary or arterial) is not usually indi-
cated in acute bronchiolitis. It may have a role in the assessment
of infants with severe respiratory distress or who are tiring and
may be entering respiratory failure [10,13].

An observational study attempted to correlate clinical respi-
ratory features, arterial blood gasses and oxygen saturation with
illness severity. Oxygen saturation and arterial carbon dioxide
tension (pCO2) best predicted the need for high concentration
oxygen therapy. Oxygen tension (pO2) levels were less useful
[10-13].

Studies have shown that small differences in the level of
oxygen saturation (92-94%) in children with acute bronchiolitis
may significantly affect the admission or discharge patients in
emergency departments [11,14,16].

The low level of oxygen saturation on admission can predict
the severity of the illness and longer duration of hospitalization.
The decision to admit a child with oxygen saturation between
92% and 94% should be supported by detailed clinical examina-
tion, stage of disease, the social status of the patient [10,14,16].

Conclusion

No diagnostic tests are used routinely. However, there is an
improvement of hypoxemia after management of acute bronchi-
olitis in children. The basic parameters of inflammation were
increased, and pO2 and O2 saturation which are indicators of
lung function in children.

Authors’ Statements

Competing Interests
The authors declare no conflict of interest.

References

1. Scottish Intercollegiate Guidelines Network (SIGN). Bron-
hiolitis in children. A National Clinical Guideline. 2006. pp.
5-19.

2. American academy of Paediatrics Subcommittee on Diag-
nosis and Managment Of Bronhiolitis. Diagnosis and man-
agment of bronhiolitis. Paediatrics 2006;118:1774-93.

3. Bordley WC, Viswanathan M, King VJ, Sutton SF, Jackman
AM, Sterling L, Lohr KN: Diagnosis and testing in bron-
chiolitis: a systematic review. Arch Pediatr Adolesc Med
2004;158:119-126.

4. Ferronato AE, Gilio AE, Ferraro AA, Paulis M, Vieira SE:
Etiological diagnosis reduces the use of antibiotics in infants
with bronchiolitis. Clinics 2012;67:1001-1006.

5. Pappas R, Pardue J, Quinonez R, Fine BR, Ryan M: De-
creasing unnecessary utilization in acute bronchiolitis care:
results from the value in inpatient paediatrics network. J
Hosp Med 2013;8:25-30.

6. Purcell K, Fergie J. Lack of the usefulness of an abnormal
white blood cell count for predicting a concurrent serious
bacterial infection in infants and young children hospital-
ized with respiratory syncytial virus lower respiratory tract
infection. Pediatr Infect Dis J. 2007;26:311-15.

7. Øymar K, Skjerven H, Mikalsen BI. Acute bronchiolitis in in-
fants, a review. Scand J Trauma Resusc Emerg Med, 2014;22-
23

8. Johnson LW, Robles J, Hudgins A, Osburn S, Martin D,
Thompson A: Management of bronchiolitis in the emer-
gency department: impact of evidence-based guidelines?
Paediatrics 2013;131(Suppl 1):S103-S109.

9. Nagakumar P, Doull I: Current therapy for bronchiolitis.
Arch Dis Child 2012, 97:827-830.

10. Saijo M, Ishii T, Kokubo M, Murono K, Takimoto M, Fujita K.
White blood cell count, C-reactive protein and erythrocyte
sedimentation rate in respiratory syncytial virus infection of
the lower respiratory tract. Acta Paediatr Jpn 1996;38(6):596-
600.

11. Mallory MD, Shay DK, Garrett J, Bordley WC. Bronchiolitis
management preferences and the influence of pulse oxime-
try and respiratory rate on the decision to admit. Paediatrics
2003;111(1):e45-51.

12. Prat C, Dominguez J, Rodrigo C, Gimenez M, Azuara M,
Jimenez O, et al. Procalcitonin, C-reactive protein and leuko-
cyte count in children with lower respiratory tract infection.
Pediatr Infect Dis J 2003;22(11):963-7.

13. Martinez-Baylach J, Retana Castan A, Cubells Riero J. Clin-
ical and epidemiological study of acute bronchiolitis in
patients less than one year of age. Acta Pediatr Esp
2004;62(7):275-280.

14. Mulholland EK, Olinsky A, Shann FA. Clinical findings and
severity of acute bronchiolitis. Lancet 1990;335(8700):1259-
61.

15. Maneker AJ, Petrack EM, Krug SE. Contribution of routine
pulse oximetry to evaluation and management of patients
with respiratory illness in a paediatric emergency depart-
ment. Ann Emerg Med 1995;25(1):36-40.

16. Wang EE, Law BJ, Stephens D. Paediatric Investigators
Collaborative Network on Infections in Canada (PICNIC)
prospective study of risk factors and outcomes in patients
hospitalized with respiratory syncytial viral lower respira-
tory tract infection. J Pediatr 1995;126(2):212-9.

Amina Selimović et al./ International Journal of Surgery and Medicine (2016) 2(3): 171-175


