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Abstract
Introduction. Infections in newborns are a widely studied topic worldwide. Neonatal infections are of two
types: those with early onset, acquired from microorganisms from the female genital tract or peripartum and
those with late onset, which appeared as a result of invasive procedures, due to nosocomial or invasive
germs peri- or postpartum.
Objectives. The aim of the study was to identify predictors of early-onset neonatal infections.
Material and methods. We conducted a prospective study at the Neonatology Clinic within the County Clinical
Hospital in Tg. Mures, Romania, between January 2017 and March 2019.
Results. The study included 120 newborns, of which 15 (12.5%) had an APGAR score of 10 per 1 minute.
At 5 minutes, 57 (47.5%) had an APGAR score of 10. Type of birth: 59 (49.2%) of the patients were born
vaginally and 61 (50.8%) by cesarean section. The average of the gestational age was 39.04 weeks. The average weight at birth was 3,197.33 g, and at discharge was 3,126.12 g. The average length of the new-borns
was 51.62 cm, and the average of the cranial perimeter was 33.48 cm. Most frequently, patients presented
infectious pathologies, early neonatal (n = 40), frequently associated with the damage of the lung system.
The average length of time spent in hospital was of 4 days, with an average of 6.15 days. The APGAR score
at 1 minute and 5 minutes was statistically significantly correlated with the number of days of hospitalization
and parity of the mother.
Conclusions. The APGAR score at 1 minute and 5 minutes was the most accurate indicator for the risk of
neonatal infection in our study. Its values correlated with the number of days of hospitalization. The number
of hospitalization days was also correlated with parity.
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INTRODUCTION
Infections in newborns are a widely studied topic
worldwide. The increased vulnerability of newborns
to infections compared to other ages has been demonstrated at both the cellular and molecular levels (1,2).
Immaturity and inexperience of the innate and adap-

tive immune system make newborns, especially those
born prematurely, much more susceptible to infections, both bacterial and viral (3).
The pathophysiological mechanisms involved in
the development of neonatal infections are not fully
understood. It appears that immune immaturity and
virulence of microbial agents, partly explain the dif-
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ferences between infected infants with the same pathogens, frequently acquired in the neonatal period. The
discovery of the role of maternal antibodies (Abs) –
such as streptococcal group B anti-capsular polysaccharides (GBS) – in protecting newborns against neonatal sepsis was a milestone in discovering the
molecular basis of the susceptibility to neonatal infection (1).
Neonatal infections are divided into early-onset,
acquired infections with microorganisms from the female genital tract, most often caused by ascending
amniotic infection or peripartum, and those with lateonset, which occur as a result of invasive procedures
due nosocomial germs or peri or postpartum invasion.
Susceptibility to infection is aggravated as a result to
the relatively immaturity immunity, and the incidence
of infection is inversely proportional to gestational
age and birth weight (BW) (4,5).
Globally, the World Health Organization (WHO)
estimates that neonatal deaths represent 44% of global deaths, of which 26% are caused by infections
(6,7).
Acquisition of the infection can take place at any
time: ante, per or postnatal. Postnatal infections can
be transmitted through direct contact with hospital
staff, mothers, family members, breastfeeding or various contaminated surfaces (8).
Another very important aspect in the evolution of
infections in newborns is sepsis. Neonatal sepsis is a
major cause of morbidity and mortality worldwide. In
2015, infections were responsible for 15% of the 2.7
million neonatal deaths globally. It is estimated that
150,000 babies die from sepsis on the first day after
birth and 300,000 by the end of the first week (9).
Globally, of the three million annual cases of neonatal
sepsis (2,202 / 1,000,000 live births), India has the
highest incidence of clinical sepsis (17,000 / 1,000,000
live births) (10).
In the early 1950s, in America, Virginia Apgar developed the APGAR score, currently used, to assess
the health of the newborn. The 5 parameters on the
basis of which the APGAR index is assessed are: respiration, heart rate, reactivity to stimuli, muscle tone,
skin appearance - parameters that will be marked each
with points from 0 to 2, so that the score can be between 0 and 10 (11).

OBJECTIVE
The aim of the study was to identify predictive factors for early-onset neonatal infections.
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MATERIAL AND METHODS
We conducted a prospective study at the Neonatology Clinic within the County Clinical Hospital in
Târgu Mureș, Romania, between January 2017 and
March 2019, which included 120 newborns. Informed
consent from parents or legal guardians was obtained
for each patient.
The variables studied were the APGAR score at 1
minute and 5 minutes, type of birth, weight at childbirth and at discharge, hospitalization diagnoses,
complete blood count, antibiotic therapy, number of
days of hospitalization and patient evolution. Data
were extracted from patient records.
Analytical statistics were performed using SPSS
v17.0 software, and GraphPad Prism 8 and XLSTATLite 2015 software for Windows 10 Pro were used for
descriptive statistics. The Grubbs test was used to
eliminate aberrant values. The Kolmogorov-Smirnov
test was used to identify the Gaussian distribution of
data; for the parametric data the Pearson test was applied, respectively the Spearman test for the non-parametric data. The results were considered statistically
significant for p values less than 0.05.
The study was conducted according to the principles of the Helsinki Declaration and was approved by
the Ethics Commission of the „George Emil Palade”
University of Medicine, Pharmacy, Science and Technology, Tg. Mures no. 71/27.4.2018.

RESULTS
The study included 120 newborns, 52 (43.3%) females and 68 (56.7%) males; of which 8 were included in the category of social cases. 15 (12.5%) of the
120 patients included in the study had a score of 10 on
the APGAR score at 1 minute. At 5 minutes, 57 patients (47.5%) had a score of 10. Regarding the type
of birth and gestational age, 59 (49.2%) patients were
born vaginally and 61 (50.8%) by cesarean section;
the average gestational age being 39.04 weeks. The
average weight at birth was 3,197.33 g and at discharge was 3,126.12 g. The average length of the fetus was 51.62 cm, and the average of the cranial perimeter was 33.48 cm.
Most frequently the patients presented infectious
pathologies (n = 40), frequently associated with the
damage of the lung system. The incidence of diseases
depending on the organ systems at birth is represented
in Figure 1.
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Figure 1.The incidence of the diseases based on organ systems

Figure 2. Distribution of cases by number of days of hospitalization

Early neonatal infection was present in the 40
newborns with infectious pathology. Most of them
were hospitalized for 4 days, with an average of 6.15
days. The distribution of patients by hospitalization
days was performed in Figure 2.
In the study, the correlations between the values of
the parameters obtained from the complete blood
count (hemoglobin, hematocrit, leukocytes, lymphocytes, neutrophils, monocytes and platelets) and the
number of hospitalization days, the APGAR score at
one minute and at five minutes and the values of Creactive protein were analyzed.
In our study, we obtained an average of C-reactive
protein values ollected in the first 24 hours of hospitalization, among newborns with infections of 8.87
mg/dl. We considered this value a predictive factor in
terms of the infectious status of newborns.

Among the analyzed parameters, we obtained a
negative statistically significant correlation between
the APGAR score level at one minute (p = 0.0054, r =
-0.2558) and at five minutes (p = 0.0003, r = -0.3276),
in relation with the days of hospitalization. Also, for
parity of the mother, in relation with the days of hospitalization, we obtained a negative correlation statistically significant (p = 0.0426, r = -0.1894).
Following the implementation of the Chi 2 test, a
statistically significant dependency relationship was
identified (p = 0.0264) between the APGAR score at
1 minute and the infectious status of the patients.
Of the 120 patients included in the study, 50
(41.66%) received antibiotic treatment, of which 10
patients (12%) received prophylactic treatment. 33
(27.5%) of the patients received Ampiplus together
with Amikacin or Gentamicin; 15 (12.5%) received
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Table 1. Statistical correlations for APGAR score (1 ‚and 5’)
Analyzed variables
Hospitalization days
Birth weight

APGAR 1`
n
p
0.0054
119
r = -0.2558
120
0.4382

n
119
120

APGAR 5`
p
0.0003
r = -0.3276
0.2246

Gravidity
n
p

Parity
n

118

0.3652

119

118

0.5012

116

p
0.0426
r = -0.1894
0.79603

Figure 3. Patients’ discharge status

Ampicilin together with Gentamicin. Of these, 19 patients (38%) recovered and 25 (50%) had an improved
condition.
At discharge, 60 (50%) patients were cured, 51
(42.5%) had an improved condition, 5 (4.16%) had a
steady evolution, and 4 (3.33%) had a aggravated status (Figure 3).

DISCUSSIONS
Neonatal infection is one of the most important
causes influencing the rate of mortality and morbidity
in newborns. Low birth weight, anemia and young
age of the mother are considered to be important risk
factors in terms of the infectious status of the newborn. The severity of the infection in newborns is
given by the fact that it can easily progress to sepsis,
which represents 10% of the causes of mortality in
newborns, currently being one of the biggest challenges in the field of neonatology (12,13).
In the literature, neonatal infection is subclassified
into early-onset infection, occurring at less than 72
hours after birth, and late-onset infection at more than
72 hours after birth (14). Although late-onset neonatal
infection is much more common than early-onset infection, the latter one has a more aggressive course,
with a more reserved prognosis. The worldwide inci-

dence of late-onset neonatal infection is of 61 per
1,000 newborns, respectively of early-onset neonatal
infection is of 9 per 1,000 newborns. Most cases of
early-onset infections (80-90%) occur in the first 48
hours of life (15). In our study, we followed the evolution of 40 newborns included in the study group (n =
120), who developed infections in the first 72 hours
after birth. Another difference in terms of pathogens
identified in each type of neonatal infection is that in
late-onset neonatal infection are found Streptococcus
type B (in 54% of cases), Enterobacteriaceae (21%)
and Staphylococcus aureus (18%), and in the case of
early-onset infections, Streptococus agalactiaei belonging to group B, representing 58%, and Escherichia coli with 18% of infections are found. Agents
that cause congenital or perinatal infections can lead
to permanent hearing loss, vision loss, cognitive impairment, cerebral palsy, developmental delay, behavioral disorders, or epilepsy. Carrying out blood culture
and identifying the pathogen are essential in establishing the appropriate and effective treatment.
Knowledge of maternal symptoms and history, as
well as screening results for maternal infections in the
last trimester of pregnancy should also be considered.
Usually, Ampicillin in combination with an aminoglycoside are administered in the treatment of these
infections, they are being considered broad-spectrum
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antibiotics, covering infections with Streptococcus, E.
coli or other common pathogens (16-18). This correlates with the data from our study, where in most cases Ampiplus was administered with Amikacin or Gentamicin, the last two belonging to the class of
aminoglycosides.
International recommendations indicate 7-10 days
of treatment in the presence of microbiologically confirmed bacterial infections or in the case of unconfirmed ones, but with a strong clinical presentation. In
the presence of a negative blood culture test after 3648 hours and in the absence of a strong clinical suspicion of neonatal infection, interruption of antibacterial therapy should be considered. The scientific
literature does not recommend any other lenght of
treatment and, therefore, a lenght of antibiotic therapy
of 5 or 6 days raises doubts about the effectiveness of
antibiotic therapy in such circumstances. The average
number of days of hospitalization in our study at patients with infection is 8.4 days, this coincides in most
cases with the number of days of antibiotic administration. Medical treament compliance is also observed
in the fact that only 4 of the 50 newborns who underwent antibiotic therapy had an unfavorable evolution
(19,20). Respiratory distress is the accumulation of
fluid in the lungs that causes difficulty in breathing. It
is common in the first stage in newborns, especially
those born after cesarean section and is often remedied in just a few hours. Newborns considered stable
and with no perinatal risk factors for developing sepsis may be monitored for up to 6 hours to determine if
respiratory function syndrome resolves before continuing sepsis investigations and initiating antibiotic
therapy (21). In our study, it was present in 10 newborns, and 6 of them had a serious evolution towards
aspiration pneumonia, respectively sepsis. All underwent antibiotic treatment.
In some publications, the association between normal C-reactive protein (CRP) levels in serological
tests with a significantly lower probability of infection has been reported, with probability ratios ranging
from 0.03 to 0.16. Maximum PCR levels greater than
3 mg/dl have positive predictive values greater than
20% for early and late onset infections, but only those
with values above 6 mg/dl have a very high positive
predictive value for neonatal infections, respectively
sepsis with early onset (6). Blood levels of C-reactive
protein are useful in the diagnostic evaluation of the
newborns who are suspected of having an infectious
syndrome. Previous studies have shown that two lev-

els of C-reactive protein less than 1 mg/dl obtained 24
hours apart, between 8 to 48 hours after presentation,
indicate that bacterial infection is unlikely. The sensitivity of a normal C-reactive protein value at the initial assessment is not sufficient to justify the lack of
antibiotic therapy (22,23).
In our study we obtained a statistically significant
relationship between the APGAR score (1 minute and
5 minutes) and the infectious status of newborns. The
relationship between APGAR score less than 7 at
birth and infant mortality is mainly attributed to anoxia or infections, but a relatively normal APGAR
score between 7 and 9 may be followed by the presence of a neonatal infection and may also be associated with high level risks of neonatal mortality and
morbidity. The lower the APGAR score is at 5 minutes, the greater is the risk. The strong relationships
between APGAR scores of 7, 8, and 9 and neonatal
morbidity observed in our study provide insight into
the increased risk of infections at these values compared to a score of 10 at 1 minute and 5 minutes.
Therefore, more and more studies are focusing on
the prophylaxis required for an APGAR score of 10
(24). Similar to the data in the literature, we obtained
in our study the fact that of the 15 (18%) newborns
included in the study who obtained the APGAR score
10 at 1 minute, none suffered from infectious pathologies and required the fewest days of hospitalization.
In 10 patients (21.2%) of the 47 newborns who were
initially evaluated with an APGAR score of less than
10, between 7 and 9 at one minute and subsequently at
5 minutes, obtained an APGAR score of 10, suffered
from infectious pathologies.
The most important limitation of the study was the
relatively small number of patients (n = 120). Other
limitations: we analyzed data from a single neonatology clinic and we did not include in the study premature newborns, who were treated in another center.

CONCLUSIONS
The most common pathology encountered in newborns was infectious. The APGAR score at one minute
and at five minutes was the most accurate indicator for
the risk of neonatal infection in our study. Its values
were also correlated with the number of days of hospitalization. Also, the number of days of hospitalization
was correlated with parity. The treatment followed by
most patients was the combination of a beta-lactam and
an antibiotic from the class of aminoglycosides.
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