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A B S T R A C T   

Background: Although Transient tachypnea of the newborn (TTN) is one of the most common causes of respi
ratory distress in the newborn period, there is no laboratory parameter used to diagnose it. Immatur granulocyte 
(IG) measurement is accepted as a useful indicator that can be used in early detection of many infectious con
ditions, especially neonatal sepsis. In this study, it was aimed to determine if IG and other complete blood count 
(CBC) parameters could be used as laboratory findings supporting TTN diagnosis. 
Materials and methods: This study, which was retrospectively planned, was conducted in the neonatal intensive 
care unit (NICU) a public hospital between January 1, 2019 and January 31, 2021. Randomly selected 50 infants, 
hospitalized with the diagnosis of TTN, constituted the patient group of the study. 50 infants hospitalized with 
the diagnosis of hyperbilirubinemia and did not have any additional problems accepted as the control group. IG 
and other CBC parameters of infants in the patient and control groups were compared in the study. 
Results: There was no significant difference between the patient and control groups in terms of demographic data 
and types of delivery (p > 0.05). The rate of delivery by elective cesarean section (C/S) was significantly higher 
than the rate of normal spontaneous vaginal (NSV) delivery in the patient group (p < 0.001). The IG number and 
percentage, WBC (white blood cell) count, RDW (red cell distribution width), number and percentage of NRBC 
(nucleated red blood cell), neutrophil and lymphocyte ratio, count and percentage of basophil and PLR (platelet/ 
lymphocyte ratio) of the patient group was significantly higher than the control group (p < 0.05). 
Conclusion: According to the findings obtained in the study, it was concluded that IG and other CBC parameters 
may be used to support clinical and imaging findings to diagnose transient tachypnea of the newborn.   

1. Introduction 

Transient tachypnea of the newborn (TTN), a clinical syndrome 
associated with respiratory distress, was first defined in 1966 by Avery 
et al. [1,2]. It is known to be the most common (40%) cause of respi
ratory distress in late preterm and term infants [3]. Although real fre
quency of TTN is not exactly known; it is estimated that 0.33–0.50% of 
infants develop this disease at birth [4]. 

Elective C/S, low gestational age, male sex, low birth weight, low 
Apgar score, maternal asthma, maternal sedation during delivery and 
perinatal asphyxia are the main known risk factors for TTN [5,6]. 
However, the etiology of TTN is not exactly known yet. Delay in the 
removal of fetal lung fluid in the early postnatal period and the resulting 
enlargement of interstitial spaces, alveolar air retention and decreased 
lung compliance have been suggested in the pathogenesis of TTN [7]. 

Transient tachypnea of the newborn is expressed as a benign and self- 

limiting disease. Usually, the disease is expected to be resolved within 
24–72 h with short-term oxygen therapy (FiO2<40%). If respiratory 
distress symptoms persist longer than 72 h in TTN, other possible di
agnoses should be investigated [8]. In addition factors like associated 
hypoxemia, respiratory failure and pulmonary air leak syndromes may 
increase the risk of morbidity [9–11]. It has been reported that in the 
first 1 year of life the risk of hospitalization due to respiratory syncytial 
virus bronchiolitis in infants undergoing TTN in the neonatal period is 
higher than in infants without TTN [12]. 

2. Material and method 

2.1. Study design 

This retrospective study was conducted between January 1, 2019 
and January 31, 2021, in the Neonatal Intensive Care Unit (NICU) of a 
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public hospital in Kastamonu/Turkey. The study consisted of 50 
randomly selected infants diagnosed with TTN. 50 infants, treated for 
hyperbilirubinemia and had no additional problems with similar age, 
gestational week and gender distribution characteristics were the con
trol group of the study. 

The study was registered at researchregistry (https://www.research 
registry.com/browse-the-registry#home/registrationdetails/616008 
cdd3ff83001fe5ddbd/). 

2.2. Exclusion criteria 

Infants with birth asphyxia (pH < 7.1 in umbilical cord blood gas, 
HCO3>12, base deficit < -10,5.min Apgar score <3), congenital lung 
anomaly, diseases that can change CBC parameters and inflammatory 
markers (ex: sepsis, malignancy); infants born before 36 weeks and 
without CBC data were excluded from the study. 

2.3. Data collection 

Data on laboratory tests, age and gender of the patients were ob
tained from the hospital Laboratory Information System. CBC parame
ters of the patients at their first hospitalization (before the treatment) 
were measured with Automatic hematological analyzer (XN-1000-He
matology-Analyzer-Sysmex Corporation, Japan). 

2.4. Ethics 

Prior to the study, the requisite approvals were obtained from Kas
tamonu University Ethics Committee (2020-KAEK-143-99). 

2.5. Statistical analysis 

“Statistical Package for Social Sciences 18.0 for Windows” (SPSS Inc., 
Chicago, USA) were used for the data analysis. In the descriptive sta
tistics of the data, for categorical variables number and % were used. For 
numerical variables, median (25 Percentiles, 75 Percentiles) values were 
used. 

For the comparison of the data between the groups in cases that did 
not show normal distribution, the Mann Whitney U test was used. The 
chi-square test was used to determine whether there was a significant 
difference between the two groups in terms of age and gender. Area 
Under Curve (AUC), cut-off, sensitivity and specificity values was 
determined by Receiver Operating Characteristic (ROC) analysis and 
Youden’s index. P-Value<0.05 was considered statistically significant in 
the interpretation of the data. 

3. Results 

Our study was carried out with a total of 100 infants (50-patient 
group/50-control group). 30 (60%) of the infants in the patient group 
were male and 20 (40%) were female. Males were significantly higher 
than females (p < 0.05). In the control group, there were 29 (%58) male, 

21 (%42) female infants. There was no significant difference between 
the groups in terms of gender distribution (p > 0.05). (Table 1). 

Mean maternal age was 26.53 ± 5.68 years and 27.92 ± 5.75 years in 
the patient and control groups, respectively. The mean gestational week 
was 37.4 ± 1.49 weeks in the patient group and 37.6 ± 1.89 weeks in the 
control group. No significant differences were found between the groups 
in terms of mean maternal age and mean gestational week (p > 0.05) 
(Table 1). 

The delivery type of 80% of the patient group was C/S (74% elective, 
6% emergency) 20% was NSV (Normal Spontaneous Vaginal), 76% of 
the control group was C/S and 24% was NSV. There was no significant 
difference between the two groups in terms of delivery type (p > 0.05) 
(Table 1). The rate of elective C/S delivery in the patient group was 
significantly higher than the rate of NSV delivery (p < 0.001) (Table 2). 
The birth weight of the infants ranged between 2500 and 4000 g, and 
there was no significant difference between the groups in terms of birth 
weight (p > 0.05). 

The WBC, RDW, NRBC, neutrophil count, lymphocyte count, baso
phil count and percentage, monocyte percentage, PLR, IG number and 
percentage were found to be statistically significantly higher in the pa
tient group than in the control group (Table 3) in the comparison of CBC 
parameters. There was no statistically significant difference between the 
groups in terms of other CBC parameters. Platelet mass index (PMI) was 
calculated with the formula of “platelet count x mean platelet volume 
(MPV)/103 (fl/nl)” [13], and no statistically significant difference was 
found between the two groups (p > 0.05). 

ROC curve analysis was performed to determine the cut-off values of 
CBC parameters for predicting the TTN diagnosis (Fig. 1). ROC curve 
analysis values of CBC parameters, which are especially important in 
predicting the diagnosis of TTN, are listed in Table 4. 

In the study, we concluded that the development of pneumothorax 
and use of chest tube among the infants in the patient group was only 2 
(4%). We did not conclude any other complications or mortality. 

4. Discussion 

The C/S is the most frequently performed surgical operation world
wide. Over the past few decades, the rate of CS delivery has been rised 
rapidly. The long standing WHO advice of 10–15% of deliveries by CS, 
but this percent is exceeded in many high-income places (average rate of 
27%) and low to middle-income settings (up to 29%) [14]. 

In the study of Eyi et al. in Turkey, the overall C/S ratio was found to 
be 51.2% [15]. Elective C/S delivery has been defined as a modifiable 
risk factor for TTN in the literature [16]. The fact that the activation of 
the hypothalamic-pituitary-adrenal axis induced by labor and the 
resulting increase in corticosteroid hormone levels does not occur in 
elective C/S delivery is thought to delay lung maturation [17]. In the 
study of Özkilinç et al.; 53.4% of infants were born with elective C/S and 
24.4% were born with NSV [18]. Kheir et al. Concluded in their study 
that, 68.7% of infants diagnosed with TTN were born with elective C/S 
[19]. Similarly, in our study, it was determined that elective C/S de
livery was significantly higher than NSV delivery. 

The immature granulocytes (IG) in peripheral blood reflect an active 
bone marrow response to bacterial infection. IG are classified as pro
myelocytes, myelocytes, and metamyelocytes by microscopic examina
tion [20,21]. The advances in technology have enabled automated 
hematology analyzers to identify and count IGs, resulting in improved 
quality and cost in the laboratory [22]. 

In our study, we concluded that the number and percentage of IG was 
significantly higher in the patient group than in the control group. As a 

Table 1 
The Demographic data of infants (patient and control groups).   

Patient Group Control Group P 

Gender (n, %) 
Male 30 (60) 29 (58) 0.2 
Female 20 (40) 21 (42)  
Mean maternal age (year) 26.53 ± 5.68 27.92 ± 5.75 0.8 
Mean gestational week 37.4 ± 1.49 37.6 ± 1.89 0.4 
Delivery Type (n, %) 
C/S 40 (80) 38 (76)  

Elective 37 (74)  0.6 
Emergency 3 (6)   

NSV 10 (20) 12 (24)   

Table 2 
The Comparison of delivery types in the patient group.  

Patient Group Elective C/S NSV P 

n, % 37 (74) 10 (20) <0.001  
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result of the ROC analysis, the cut-off value of the IG number for TTN 
was found to be 0.23 (78% sensitivity, 72% specificity), and the cut-off 
value of the IG percentage was found to be 1.65 (76% sensitivity, 68% 
specificity). In the light of these findings, we think that neonatal tran
sient tachypnea may be an infectious/inflammatory condition that 
stimulates the bone marrow and causes IG production. 

Yorulmaz et al. [23] reported that the WBC count, neutrophil count, 
lymphocyte count, and RDW ratio were significantly higher in infants 
hospitalized in NICU due to neonatal sepsis compared to infants hospi
talized due to neonatal jaundice and had no other problems. We found 
that the same parameters were significantly higher in infants with a 
diagnosis of TTN than in the control group. Considering these results, we 
think that TTN may be an infectious/inflammatory condition like 
neonatal sepsis. The positive effect of starting empirical antibiotic 
therapy for TTN in the NICU on the patient’s clinic supports this 
thought. 

Ilhan et al. [13] concluded a negative correlation between platelet 
count and PMI and the duration of tachypnea in TTN (r = − 0.43, p <
0.001). They reported that as the platelet count and PMI decreased in 

infants with TTN, the duration of tachypnea was prolonged. In our 
study, PLR was significantly higher in infants with TTN compared to the 
control group, but there was no significant difference between the two 
groups in terms of platelet count and PMI. 

Nucleated red blood cell (nRBC), a premature red blood cell, is an 
indicator of hematopoiesis in a newborn infant and has been known to 
be associated with hypoxia [24,25]. In different studies, it was 
concluded that NRBC was an important marker showed that newborn 
babies went through the hypoxic process. 

In their study, Boskabadi et al. [26] found that NRBC increased 
significantly in the first 6 h in infants with hypoxic ischemic encepha
lopathy. According to Sarah et al. [27] the high NRBC in infants in the 
NICU was an indicator for severe hypoxia; and they stated a significant 
relationship between the number of NRBCs and mortality. In our study, 
we found that the NRBC level was higher in infants with TTN compared 
to infants in the control group who did not experience hypoxia. Ac
cording to this result we thought that infants with TTN had gone through 
an important hypoxic period. Ozkilinc et al. [18] reported that only one 
infant (2.2%) developed pneumothorax due to TTN. In our study, we 
found that pneumothorax developed in only 2 (4%) infants which was 
consistent with the literature. 

In summary, we found that IG and other CBC parameters can be 
useful to support clinical and imaging findings to diagnose TTN. 

Limitations of the Study: One of the main limitations of the study is 
that it has been carried out retrospectively. Therefore, prospective 
studies are required to reach more definite conclusions about the func
tionality of these parameters in diagnosing the disease. 

Table 3 
The Comparison of CBC parameters of groups.  

CBC parameters Patient Group Control Group P 

Median (IQR) 
WBC 17.1(12.6; 20.4) 11.43(9.93; 15.06) <0.001 
RDW_SD 59.5(56.5; 65.8) 57.6(51.8; 63.3) 0.022 
RDW_CV 16.5(15.9; 18.1) 15.7(14.8; 17.2) 0.007 
NRBC# 0.55(0.15; 1.45) 0.01(0.00; 0.13) <0.001 
NRBC% 3.2(0.9; 10.6) 0.1(0.00; 0.67) <0.001 
NEUT# 7.42(4.37; 11.4) 4.37(2.76; 8.68) 0.014 
LYMPH# 6.01(4.23; 8.42) 5.11(3.74; 6.66) 0.012 
BASO# 0.17(0.12; 0.22) 0.1(0.06; 0.13) <0.001 
MONO% 10.7(8.1; 13.4) 8.7(7.8; 10.6) 0.008 
BASO% 1.1(0.8; 1.4) 0.8(0.57; 1.1) 0.009 
IG# 0.38(0.25; 0.69) 0.11(0.06; 0.28) <0.001 
IG% 2.3(1.7; 3.4) 1.0(0.6; 2.02) <0.001 
PLR 56.2(42.4; 68) 44.6(32.5; 57) 0.009 

WBC: White blood cell, RDW: Red cell distribution width, NRBC: Nucleated red 
blood cells, NEUT: Neutrophil LYMPH: Lymphocyte, BASO: Basophil, MONO: 
Monocyte, IG: Immature granulocyte, PLR: Platelet/lymphocyte ratio. 

Fig. 1. The ROC Curve analysis of CBC parameters of TTN patients.  

Table 4 
The ROC curve analysis values of TTN patients.   

Cut-off AUC 95%CI p Sensitivity Specificity 

WBC 12,06 ,727 0,62-0,82 ,000 84 58 
NRBC# 0,19 ,823 0,73-0,90 ,000 74 80 
NRBC% 0,55 ,810 0,72-0,89 ,000 82 72 
BASO# 0,13 ,745 0,64-0,84 ,000 68 76 
IG# 0,23 ,765 0,49-0,66 ,000 78 72 
IG% 1,65 ,753 0,50-0,65 ,000 76 68  
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