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ABSTRACT 

Background: Early-onset neonatal sepsis is recognized as a common and serious problem for neonates. The clinical 
manifestations of neonatal sepsis are nonspecific and have varied clinical features. Therefore, their diagnosis is based 
on a combination of clinical presentation, the use of biological tests, and anamnestic arguments. The present study 
aimed to describe the infection risk factors, as well as clinical, paraclinical, and evolutionary characteristics of 
newborns with suspected early-onset neonatal sepsis and highlight the importance of C-reactive protein(CRP) to 
diagnose neonatal sepsis.  
Methods: This retrospective analytical study was conducted at the National Reference Center for Neonatology and 
Nutrition at Children's Hospital, University Hospital Centre IbnSina of Rabat, from January 1 to December 31, 2016. 
Results: During the study period, 1,199 newborns met the inclusion criteria. Upon admission, 52% of cases were 
under the age of one day. Symptomatic newborns represented 67.4% of the cases. The hospitalized cases with one or 
more infection risk factors were represented 80.3% of cases. The CRP was positive (> 20 mg/L) in 698 (58%) 
newborns. Univariate analysis pointed out that CRP value was significantly associated with age groups (P<0.001), 
presence of at least one infectious risk factor (P<0.001), as well as the presence of respiratory (P<0.001), cutaneous 
(P<0.001), circulatory (P=0.02), and neurological (P=0.008) symptoms. The diagnosis of early-onset neonatal infection 
with a meningeal, pulmonary, or ocular location was retained in 5%, 2%, and 0.2% of cases, respectively. The mortality 
rate was reported as 7%. 
Conclusion: Screening, management, and reduction of early-onset neonatal infection remain a crucial challenge, 
requiring coordination between pediatricians and obstetricians to obtain reliable data and identify newborns  
at risk. 
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Introduction 

Neonatal sepsis is a systemic condition of 
bacterial, viral, or fungal origin associated  
with hemodynamic changes and other clinical 
manifestations. It is recognized as one of the 
leading causes of morbidity and mortality in term 

and preterm neonates (1, 2). Neonatal sepsis is 
classified as either early-onset or late-onset 
depending on the age of onset and timing of the 
sepsis episode (3). Early-onset neonatal sepsis 
(EONS) occurring in the first three days of life is 

https://link.springer.com/article/10.1007/BF02760574
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.577.3342&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.577.3342&rep=rep1&type=pdf
https://www.linguee.fr/anglais-francais/traduction/newborn+child.html
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transmitted vertically from mother to neonate 
before or during delivery (4). Streptococcus 
agalactiae (GBS) and Escherichia coli (E. coli) are 
the most common organisms associated with 
EONS (5). According to the National Survey of 
Population and Family Health carried out by the 
Ministry of Health in Morocco in 2004, EONS was 
the third leading cause of death, followed by birth 
asphyxia and prematurity (6). The EONS is 
responsible for 30%-40% of neonatal deaths in 
developing countries (7). 

In Morocco, EONS is recognized as a major 
public health problem and a constant concern in 
neonatology units due to its frequency and 
severity. It results from newborns' immature 
immune systems and increases the risk of 
mortality (8). Due to the non-specificity of clinical 
signs of EONS, diagnosis is based on a range of 
clinical and biological arguments (9, 10) and 
remains challenging. Blood culture is considered 
the "gold standard" for the diagnosis of neonatal 
infections; nonetheless, blood cultures may come 
back negative in case of meningeal, pulmonary, 
ocular, or urinary tract infections. Other biological 
tests, such as the assay of biomarkers, have long 
attracted the interest of neonatologists for 
neonatal sepsis diagnosis, making it possible to 
identify the newborns at risk of infection instead 
of just those who are actually infected.  The use of 
inflammatory markers, such as C-reactive protein 
(CRP), limits the overuse of antibiotics and 
reduces hospital stays (11,12). 

In light of the aforementioned issues, the 
present study aimed to describe infection risk 
factors, as well as clinical, paraclinical, and 
evolutionary characteristics, of newborns with 
suspected EONS admitted to the National Reference 
Centre for Neonatology and Nutrition at Children’s 
Hospital of Rabat, and highlight the importance of 
CRP in the diagnosis of neonatal sepsis.  

 
Design of study 

This retrospective analytical study was 
conducted at the National Reference Center for 
Neonatology and Nutrition at Children’s Hospital 
of Rabat from 1 January to 31 December 2016. 
The study concerned hospitalized newborns for 
the management of suspected EONS. 

 
Inclusion criteria 

Symptomatic or asymptomatic newborns 
hospitalized for clinical management of suspected 
EONS and/or newborns with infection risk factors 
(IRF) were included in the study. 

The IRF is defined by the presence of at least 

one of the following elements (11-13): 
 Premature rupture of membranes (PROM) 

before labor exceeding 12h 
 Unexplained prematurity 
 Maternal fever before or during birth ≥ 38ºC 
 Unexplained neonatal hypoxia 
 Maternal genital tract infection or urinary tract 

infection, treated or untreated, for less than 72 h 
before delivery  

 Intrauterine infection (Clinical chorioamnionitis) 
occurring as a result of ascending bacterial 
infection. It is an acute inflammation of the 
membranes and chorion of the placenta and is 
clinically defined by a maternal fever above 
38ºC and at least two of the following signs: 
maternal tachycardia ≥100 beats per min 
(BPM), fetal tachycardia ≥ 160 BPM, maternal 
hyperleukocytosis, inflammatory syndrome, 
uterine pain, fetid leucorrhea, or infected 
amniotic fluid. 

 Documented positive maternal GBS status 
without prepartum treatment or with 
inadequate prepartum treatment. 

 

Exclusion criteria 
All newborns whose medical records were not 

retrieved and newborns with non-bacterial 
neonatal infections were excluded from this study. 

 

Data collection 
The data collection was carried out by a 

documentary technique consisting of consulting 
the medical records of each neonate. All data were 
entered using an information sheet containing the 
following sections: 
 Epidemiological data 
 Maternal and obstetrical characteristics 
 Clinical characteristics of the newborn  
 Paraclinical characteristics  
 Clinical evaluation of the patient 

 
Definitions of used terms  

The following definitions were used: 
- Primigravida: a woman pregnant for the first 

time 
- Multigravida: a woman who has had multiple 

pregnancies 
- Primiparous: a woman who has had one birth 
- Multiparous: a woman who has had multiple 

births 
- Multiple pregnancies: a pregnancy with more 

than one fetus  
- PROM: is a rupture of membranes before labor 

begins 
- Well monitored pregnancy: a pregnancy is 

https://www.ncbi.nlm.nih.gov/books/n/nicecg149/ch15/def-item/abbreviations.gl1-d12/


Hattoufi K et al       Early-onset Neonatal Sepsis in Moroccan Newborns 
 

32  Iranian Journal of Neonatology 2021; 12(4) 

considered well monitored if the woman has 
had at least three antenatal visits and one 
obstetrical ultrasound. 

- Hyperleukocytosis: Laboratory abnormality is 
defined as increased production of leukocytes up 
to 30,000 cells / mm3 in the newborn’s 
bloodstream.  

- Leukopenia: A decrease in the number of 
leukocytes unless 10 000 elements/mm³ in the 
newborn’s bloodstream 

- Thrombocytopenia: abnormally low levels of 
platelets. Normal newborn platelet count ranges 
from 200 x 109/L to 350 x 109/L. 

- Meningitis: The inflammation of the meninges 
most often caused by viral or bacterial invasion 
of cerebrospinal fluid (CSF) 

- Cranial ultrasonography (cUS): This is the 
preferred modality to image neonatal brains. It is 
an excellent tool to detect brain abnormalities 
and follow brain maturation (14).  

 
Statistical analysis 

Data were analyzed in SPSS software (version 
19). Firstly, a descriptive analysis was performed, 
and the qualitative variables were expressed as 
frequency and percentages. Thereafter, the data 
were analyzed using the Chi-square (χ²) test. A p-
value of less than 0.05 was considered statistically 
significant.  

 

Results 
Maternal and Obstetric Characteristics  

A total of 1,186 mothers were included in the 
current study, 58 of whom gave birth to twins, 
resulting in the birth of 1,199 newborns. The mean 
maternal age was 28±6 years. The majority of 
women (63%) were in the age range of 19-30 years. 
Multiparous women represented 41% of cases. The 
pregnancies of 916 (77%) women were well-
monitored, with at least three antenatal care visits 
and one obstetrical ultrasound. The medicalization 
of childbirth was documented in 1167 (98%) 
mothers. Vaginal delivery was the predominant 
mode with a distribution of 60% (Table 1). 

 
Newborns’ Characteristics 

During the study period, a total of 2,787 
newborns were admitted to our department, 
1,253 (45%) of whom were admitted for the 
management of suspected EONS. The medical 
records of 1,199 newborns were analyzed (Figure 
1), the majority of whom (60%) were male. The 
gender ratio was 1.51. A number of 52 newborns 
were admitted within the first 24 h after birth 
(Table 2). Moreover, 80.3% of hospitalized cases  
 

  Table 1. Maternal and Obstetric Characteristics (n=1186) 
Variable  n % 
Maternal Age (Years old) 

 
Mean± SD 
≤18  
19-30  
31-40  
≥40  

 
Marital status  
Married 
Single 
Divorced 

 
Gravidity 
Primigravida 
Multigravida 
Parity  
Primiparous 
Multiparous 

 
Simple pregnancy  
Multiple pregnancies  

 
Monitoring of pregnancy  
Well monitoring 
Poor monitoring 
Unknown 

 
Medicalized delivery 
Non-medical delivery 

 
Delivery method 
Vaginal delivery 
Cesarean section 

 
28±6 

46 
744 
368 
28 
 

1156 
28 
2 

 
 

642 
544 
 

700 
486 
 

1128 
58 
 

916 
80 

119 
71 
 

1167 
20 
 
 

708 
478 

 
4 

63 
31 
2 

 
 

97.5 
2.3 
0.2 
 
 
54 
46 
 
59 
41 
 
95 
5 

 
77 
7 

10 
6 

 
98 
2 

 
 
60 
40 

   SD : Standard deviation     

 
had one or more IRF. The PROM (50.2%), 
maternal fever (18.7%), and intrauterine infection 
(17.8%) were the most frequently reported IRF. 
The distribution of newborns according to the 
type of IFRs is displayed in Table 3. 

 
Clinical characteristics 

Regarding clinical data, symptomatic newborns 
accounted for 67.4% of cases. The most frequent 
clinical findings were respiratory distress (58.7%), 
jaundice (42.5%), and neonatal hypoxia (21.7%). It 
is noteworthy that other symptoms (respiratory, 
circulatory, and neurological) were also observed 
(Table 4). 

 
Paraclinical characteristics 

The serum CRP level was measured for all 
newborns (the CRP positivity threshold is set at 
20 mg/L). The CRP was found positive in 698 
(58%) newborns. Median CRP value was reported 
as 39 mg/L.  In addition, 32.6% of cases were 
asymptomatic and diagnosed based on risk 
factors, and 59% of them had raised CRP levels. 
Univariate analysis demonstrated that CRP value 
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was significantly associated with age groups 
(P<0.001), presence of at least one infectious risk 
factor (P<0.001), and the presence of respiratory 
(P<0.001), cutaneous (P<0.001), circulatory 
(P=0.02), and neurological (P=0.008) symptoms 
(Table 5). 

Lumbar puncture (LP) was performed in 
645(54%) cases, 57 (9%) of whom obtained 
positive results; therefore, it was positive in 5% of 
all cases. No pathogens were isolated from CSF. 
Moreover, all blood culture tests came back 
negative. A complete blood count was carried out 
in 765 (64%) neonates, 5%, 6%, 14%, and 18% of 
whom had anemia, hyperleukocytosis, leukopenia, 
and thrombocytopenia. The cUS was performed 
for newborns 216(18%), 13% and 6% of whom 
were abnormal and had intracranial hemorrhage, 
respectively. Thoraco-abdominal X-ray was 
performed for 83 (7%) cases, demonstrating 

pneumonia in 22 cases. 
 

Diagnosis 
The diagnosis of neonatal bacterial meningitis 

was retained in 57 (5%) cases, 91% of whom 
underwent cUS analysis.  It showed complications 
in 7 cases, 13% of whom had intracranial 
hemorrhage, one newborn with hydrocephalus, 
and another had left choroid plexus cystic lesions. 
Neonatal conjunctivitis due to neonatal bacterial 
infection was diagnosed in 2 (0.2%) cases, and a 
computed tomography (CT) scan revealed a right 
preseptal periorbital cellulitis in the first case. The 
bacterial pathogen detected in intra-ocular 
suppuration was Serratiamarcescens. The second 
case of neonatal conjunctivitis showed non-
collected bilateral preseptal cellulitis. As a result of 
clinical and radiological examinations, 22 cases 
were diagnosed with pulmonary neonatal infection.

 

 
Figure 1. Flow chart of the distribution of study cases depending on the symptomatology, the infection risk factors, the results of the CRP 
levels, and the diagnosis 
EONS: Early-onset neonatal sepsis 
IRF: Infection risk factors 
CRP+: Positive C-reactive protein level  
CRP-: Negative C-reactive protein level 
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                                  Table 2. Newborns characteristics (n=1199) 
Variable  n % 
Gender 
Male 
Female 
 
Age at hospitalization  
1 HRS- 24 HRS 
1-7 day 
 
Gestational age  
Full time 
Premature 
Premature <34 WA 
Premature ≥34 WA 
Post-term 
 
Birth weight  
Hypotrophic (<2500g) 
Eutrophic (2500- 4000g) 
Macrosomia (>4000g) 
 
Birthplace 
Maternity 
Birthing center 
Clinic 
Non-medical delivery 
 
 
Birth weight (g) 
Height at birth (cm) 
Cranial perimeter (cm) 

 
723 
476 

 
 

618 
581 

 
 

794 
265 
43 

222 
140 

 
 

303 
798 
98 

 
 

1147 
8 

23 
21 

 
Mean± SD 
2999±836 

48±4 
33±3 

 
60 
40 

 
 

52 
48 

 
 

66 
22 
4 

18 
12 

 
 

25 
67 
8 
 
 

95 
1 
2 
2 
 

Extreme 
[700-5580] 

[30-63] 
[14-50] 

                                  HRS: Hours, SD: Standard deviation, WA: weeks of amenorrhea 

 
                                   Table 3. Infection risk factors (n=1199) 

Variable  n % 

Presence of IRF  
Absence of IRF  
PROM greater than 12h 
PROM: >12h - <18h 
   PROM: ≥18h 
Intrauterine infection  
Maternal fever ≥38 ° C  
Unexplained prematurity  
Urinary tract infection 
Unexplained neonatal hypoxia 
Positive maternal GBS status 

963 
236 
602 
103 
499 
214 
224 
122 
32 

175 
2 

80.3 
19.7 
50.2 
8.2 

41.6 
17.8 
18 .7 
10.2 
2.7 

14.6 
0.2 

                                   IRF: Infection risk factors, PROM: Premature rupture of membranes, GBS: Group B Streptococcus 

 
                                    Table 4. Clinical symptoms of newborns included in our study (n= 808) 

 n % 

Symptomatic newborns  
Asymptomatic newborns 

808 
391 

67.4 
32.6 

   
General signs  
Hyperthermia  
Hypothermia 
Neonatal Hypoxia 
Dehydration 
Refusal to breastfeed 

 
41 
82 

175 
2 

16 

 
5.1 

10.1 
21.7 
0.2 
2.0 

   
Respiratory symptoms 
Respiratory distress 
Polypnea 
Apnea  
Cyanosis 

 
474 
24 
13 
30 

 
58.7 
3.0 
1.6 
3.7 

https://www.ncbi.nlm.nih.gov/books/n/nicecg149/ch15/def-item/abbreviations.gl1-d12/
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Table 4. Continued 
 
Skin symptoms 
Jaundice  

 
 

343 

 
 

42.5 
   
Circulatory symptoms 
Greyish tint 
Hypotension  
Tachycardia 
Bradycardia 

 
2 
3 

10 
49 

 
0.2 
0.4 
1.2 
6.1 

   
Neurological symptoms 
Convulsion  
Hypotonia 

 
36 
15 

 
4.5 
1.9 

 
                     Table 5. Association of C-reactive protein levels with age, infection risk factors, and clinical symptoms (n= 1,199) 

Variable  
Positive 

CRP level 
Negative 
CRP level 

P-value 

Age at hospitalization 
1 HRS- 24 HRS 
1-7 (day) 
 
IRF  
Presence 
Absence 
 
PROM greater than 12 hours   
PROM: >12 HRS - <18 HRS 
 PROM: ≥18 HRS 
Intrauterine infection 
Maternal fever ≥38°C 
 
Asymptomatic newborns 
Symptomatic newborns  
 
Respiratory symptoms 
Skin symptoms 
Circulatory symptoms 
Neurological symptoms 
Hyperthermia  
Hypothermia 

 
239 (39) 
459 (79) 

 
 

513 (53) 
185 (78) 

 
327 (54) 
70 (68) 

257 (52) 
100 (47) 
104 (46) 

 
234 (59) 
464 (57) 

 
231 (48) 
227 (66) 
41 (48) 
37 (75) 
38 (95) 
33 (40) 

 
379 (61) 
199 (21) 

 
 

450 (47) 
51 (22) 

 
275 (45) 
33 (32) 

242 (48) 
114 (53) 
120 (54) 

 
157 (40) 
344 (43) 

 
248 (52) 
116 (34) 
45 (52) 
12 (25) 

2 (5) 
49 (60) 

 
<0.001 

 
 
 

<0.001 
 
 

0.004 
0.02 

<0.001 
<0.001 
<0.001 

 
0.2 

 
 

<0.001 
<0.001 

0.02 
0.008 

<0.001 
0.001 

                      HRS: Hours, IRF: Infection risk factors, PROM: Premature rupture of membranes   
                   P-value was calculated using the chi-square (χ²) test 

 
Evolution 

The evolution was favorable in 1,081 (90%) 
cases.  A total of 87 (7%) newborns died, with 
septic shock being the most common cause of 
death recorded in 43 (49%) cases. The majority of 
deaths occurred in symptomatic newborns (97%), 
and the difference between symptomatic and 
asymptomatic cases was statistically significant 
(P<0.001). The mortality was significantly 
associated with the presence of lung 
abnormalities (P<0.001).  

 

Discussion  
The first 48 hours after birth is the most 

critical time in a newborn's life (15). Neonatal 
infection is expressed within the neonatal period, 
as early as day one, in the first week, or in the first 
four weeks after birth (16). The EONS is expressed 
during the first week of life, most often in the first 

three days after birth (17).  
The management of suspected EONS varies 

depending on different teams and countries. 
Therefore, there is a vast variety of inclusion 
criteria in different studies, making comparison 
difficult. Consequently, several countries have 
adopted best-practice recommendations for the 
management of EONS. According to French 
publications, the diagnosis of EONS is based on a 
combination of clinical and/or biological 
abnormalities. They include symptomatic or 
asymptomatic newborns and focus on 
inflammatory markers concentration in the 
serum. On the other hand, the Anglo-Saxon 
publications limit the diagnosis of EONS to sepsis 
documented by the positivity of a blood culture or 
a CSF culture (18, 19).  

Newborns are exposed to infection risk due  
to perinatal contamination, including both 
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asymptomatic and symptomatic cases (20). In the 
present study, the IRF was positive in 73.6% of 
newborns. It was predominated by PROM (50.2%), 
maternal fever ≥38°C (18.7%), and intrauterine 
infection (17.8%). It is worth noting that maternal 
GBS colonization was documented in two cases. 
Currently, due to maternal antibiotic prophylaxis, 
the majority of EONS caused by GBS occurs with 
negative vaginal culture for GBS. However, this is 
not realized in some countries, such as Morocco, 
where systematic screening of maternal GBS 
colonization is not routinely managed. The IRF, 
which was positive in 72% of cases according to 
Chemsi and Benomar, was dominated by PROM and 
maternal prepartum fever. Nonetheless, it was 
dominated by PROM and intrauterine infection 
according to Aseri et al., and PROM and 
unexplained neonatal hypoxia according to Nouri-
Merchaoui et al. (7, 8, 11, 21). Furthermore, 
maternal prepartum fever and intrauterine 
infection are the most frequent factors used to 
identify newborns at risk for EONS (22).  

The clinical manifestations of EONS are very 
heterogeneous and non-specific; however, their 
early occurrence (in the first 48 hours after birth) 
should indicate the condition (23). The EONS 
diagnostic criteria vary from one study to another 
due to their dependency on practitioners' 
knowledge and experience. They are most often 
based on clinical presumption and biological 
assessment. The bacteria responsible for EONS are 
rarely isolated from samples, making definitive 
diagnosis difficult (24, 25, 26).  In the current 
study, clinical symptoms were highly variable and 
insufficient for the diagnosis of EONS. Therefore,  
it is necessary to build on a combination  
of anamnestic, clinical, and paraclinical data, 
including the CRP assay. 

The CRP is a protein of the acute phase of 
inflammation largely used for EONS diagnosis. 

The CRP has been reported in several studies 
to be of interest in the diagnosis of neonatal 
infections (8, 23, 27, 28). The serum CRP 
concentration rises 6-12 h after the onset of 
infection (greater than 20mg/L); thereafter, it 
decreases after 24-48 h and normalizes after 4-7 
days (29, 30, 31). The sensitivity and specificity of 
the CRP were reported as 74%-98% and 71%-
94% in several studies, respectively (30, 32, 33).  
In the current study, the CRP level was positive in 
58% of cases, compared to 67.3% and 77.8% as 
reported by Chemsi et al. (8) and Folquet et al., 
respectively (34). 

According to best-practice recommendations 
of the French Society of Neonatology and the 

French Society of Pediatrics, the CRP test is not 
recommended in the first 12 h after birth. The CRP 
test is performed in suspected cases at the event 
of antibiotic initiation after 12 h of life. If the blood 
culture is negative within 48 h, the CRP test will be 
performed 24 and 48 h after antibiotic 
administration to stop antibiotic treatment. 
Therefore, the CRP test is useful for the 
assessment of antibiotic treatment effectiveness 
(18, 35). Most of the publications concerning 
EONS only refer to those confirmed through 
pathogenic bacteria isolated from newborn’s 
sample (36,37). In the present study, a germ was 
isolated in a sample of intra-ocular suppuration 
culture.  

According to the study conducted by Chemsi 
and Benomar at the Casablanca University 
Hospital Centre, a pathogen germ was isolated in 
6.2% of cases by CSF culture and blood culture; 
moreover, the most predominant pathogens were 
GBS and E. coli.  This result is similar to the finding 
of a study conducted in Tunisia by Ben Hamida 
Nouaili et al. who reported that  GBS and E. coli 
represented 50% and 29 % of the isolated germs, 
respectively (8, 38). In a similar vein, according to 
Gaschignard et al., GBS and E.coli were isolated in 
59% and 28% of neonatal meningitis cases, 
respectively (39). The most common germs 
causing EONS, including meningitis, are GBS, E. 
coli, and Enterobacteriaceae (40). 

In the present study, neonatal bacterial 
meningitis was diagnosed in 5% of cases. It occurs 
when the pathogenic bacteria invade the blood-
meningeal barrier at the level of the brain 
capillaries and/or choroidal plexuses (41). The 
absence of meningism in newborns can make 
diagnosis challenging. It is recommended to 
perform an LP in the event of positive blood 
culture and general health deterioration with the 
presence of neurological symptoms (35, 42, 43, 
44, 45, 46). The LP must be performed before or 
immediately after taking antibiotics to avoid 
skewing the bacterial analysis results. 
Nevertheless, if the newborn’s state does not 
allow performing LP, antibiotic therapy should not 
be delayed (47, 48). Gastric aspirate and 
superficial bacteriological samples are not 
recommended in the management of EONS (35). 

The suspected cases of EONS should receive 
antibiotic treatment immediately after performing 
infectious screening tests. The antibiotherapy 
must be adapted to the pathogens which are more 
frequently involved in EONS, such as GBS and E. 
coli. Antibiotic resistance of those germs varies 
with each study; for instance, according to the 
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general literature, 20%-70% of E. coli strains are 
resistant to ampicillin, while according to Sutkin 
et al., 63% of E. coli cultures were resistant to 
ampicillin, and all E. coli cultures were sensitive to 
gentamicin and cefotaxime. In the same study, 
among 14 GBS cultures, only one was resistant to 
clindamycin, while none of them was resistant to 
penicillin, ampicillin, and erythromycin (30, 49). 
Multiple studies have assessed GBS resistance to 
antibiotics; for instance, Sahnoun et al. reported 
an increase in GBS strains with high-level 
resistance to kanamycin and gentamicin  
(50). Therefore, the resistance of GBS to 
aminoglycosides (e.g., gentamicin, kanamycin, 
and amikacin), which are frequently used to treat 
EONS, should be continuously monitored. In their 
study, Hays et al. reported a sensitivity of all GBS 
cultures to penicillin G, amoxicillin, and 
vancomycin. High-level resistance to amikacin 
was higher (8.8%), compared to resistance to 
gentamicin (0.3%). It is therefore recommended 
to use gentamicin in the treatment of EONS 
caused by GBS (51). It is reported that GBS 
resistance to macrolides, aminoglycosides, and 
fluoroquinolones is higher among adults, as 
compared to neonatal infections. Although GBS 
resistance to clindamycin has been widely 
reported in pregnant women, it is not well 
documented among newborns (52, 53, 54, 55).  

If there is no bacteriological guidance, a 
combination of antibiotics is recommended to 
cover all the germs implicated in EONS. In the 
setting of the present research, the management 
of symptomatic newborns started by combining 
third-generation cephalosporins, aminoglycosides, 
and ampicillin, while associating ampicillin and 
aminoside is used for the treatment of 
asymptomatic newborns. The duration of 
antibiotic therapy is based on the 
symptomatology, as well as bacteriological and 
inflammatory test results. If bacteriological and 
inflammatory tests are negative and a newborn 
has no symptoms, the treatment will be 
interrupted within 48 h. If the newborn has 
symptoms and/or a positive bacterial culture test 
and/or positive inflammatory tests, the length of 
the antibiotic treatment ranges from 5-21 days. In 
the following phases of patient management, any 
antibiotic therapy must be re-evaluated. 

The results of the present study pointed to the 
limited contribution of bacteriology to the 
diagnosis of EONS. The CRP helped to confirm or 
remove the suspicion of EONS, and therefore stop 
treatment. Other Inflammatory biomarkers, such 
as interleukin 6, are also detected in the sera of 

infected newborns within the first hours of 
infection (56). Umbilical cord blood procalcitonin 
(PCT) has a good predictive value in the detection 
of bacterial infection. Therefore, PCT assays have 
higher sensitivity and specificity, compared to CRP 
(57, 58, 59). 

 

Conclusion 
As evidenced by the obtained results, the 

frequency of EONS in Morocco is worrisome, 
presenting a serious public health problem. 
Diagnosis and management of EONS are critical  
in preventing severe and life-threatening 
complications. Diagnosis of EONS remains a major 
challenge due to nonspecific clinical presentation; 
therefore, it requires coordination among a team 
of pediatricians, obstetricians, and biologists. 
Furthermore, the optimization of diagnostic 
criteria can decrease the use of antibiotics and 
limit the length of treatment.  

 

Acknowledgments 
None. 
 

Conflicts of interest 
The authors declare that they have no conflict 

of interest. 
 

References 
1. Shane AL, Sánchez PJ, Stoll BJ. Neonatal sepsis. 

Lancet. 2017; 390(10104):1770-80. 
2. Camacho-Gonzalez A, Spearman PW, Stoll BJ. 

Neonatal infectious diseases: evaluation of neonatal 
sepsis. Pediatr Clin North Am. 2013; 60(2):367-89. 

3. Simonsen KA, Anderson-Berry AL, Delair SF, Davies 
HD. Early-onset neonatal sepsis. Clin Microbiol Rev. 
2014; 27(1):21-47.  

4. Hornik CP, Fort P, Clark RH, Watt K, Benjamin DK Jr, 
Smith PB, et al. Early and late onset sepsis in very-
low-birth-weight infants from a large group of 
neonatal intensive care units. Early Hum Dev. 2012; 
88(Suppl 2):S69-74. 

5. Stoll BJ, Hansen NI, Sanchez PJ, Faix RG, Poindexter 
BB, Van Meurs KP, et al. Early onset neonatal sepsis: 
the burden of group B Streptococcal and E. coli 
disease continues. Pediatrics. 2011; 127(5):817-26. 

6. Kettani H. Muslim population in Africa: 1950-2020. 
Int J Environ Sci Dev. 2010; 1(2):136. 

7. Matha E, Christopher U, Mathai M, Jana AK, Rose D, 
Bergstrom S. Is C-reactive protein level useful in 
differentiating infected from uninfected neonates 
among those at risk of infection? Pediatrics. 2004; 
41(9):895-900.  

8. Simonsen KA, Anderson-Berry AL, Delair SF, Davies 
HD. Early-onset neonatal sepsis. Clin Microbiol Rev. 
2014; 27(1):21-47.  

9. Pourcyrous M, Bada H, Korones S, Baselski V, Wong 



Hattoufi K et al       Early-onset Neonatal Sepsis in Moroccan Newborns 
 

38  Iranian Journal of Neonatology 2021; 12(4) 

S. Significance of serial C-reactive protein responses 
in neonatal infection and other disorders. Pediatrics. 
1993; 92(3):431-5. 

10. Hengst JM. The role of C-reactive protein in the 
evaluation and management of infants with 
suspected sepsis. Adv Neonatal Care. 2003; 3(1): 
3-13.  

11. Blond MH, Poulain P, Gold F, Bingen E, Watier H, 
Quentin R. Bacterial maternal fetal infection. EMC-
Gynecol Obstet. 2005; 2(1):28-90. 

12. Alexander JM, McIntire DM, Leveno KJ. 
Chorioamnionitis and the prognosis for term 
infants. Obstet Gynecol. 1999; 94(2):274-8.  

13. Tita AT, Andrews WW. Diagnosis and management 
of clinical chorioamnionitis. Clin Perinatol. 2010; 
37(2):339-54.  

14. van Wezel-Meijler G, Steggerda SJ, Lei-jser LM. 
Cranial ultrasonography in neonates: role and 
limitations. Semin Perinatol. 2010; 34(1):28-38.  

15. Oza S, Cousens SN, Lawn JE. Estimation of daily risk 
of neonatal death, including the day of birth, in 186 
countries in 2013: a vital-registration and 
modelling-based study. Lancet Glob Health. 2014; 
2(11):e635-44. 

16. Fitchett EJA, Seale AC, Vergnano S, Sharland M, 
Heath PT, Saha SK, et al. Strengthening the reporting 
of observational studies in epidemiology for 
newborn infection (STROBE-NI): an extension of the 
STROBE statement for neonatal infection research. 
Lancet Infect Dis. 2016; 16(10):e202-13. 

17. Schrag S, Farley M, Petit S, Reingold A, Weston EJ, 
Pondo T, et al. Epidemiology of invasive early-onset 
neonatal sepsis, 2005 to 2014. Pediatrics. 2016; 
138(6):e20162013. 

18. Gerdes JS. Diagnosis and management of bacterial 
infections in the neonate. Pediatr Clin. 2004; 
51(4):939-59.  

19. National Agency for Accreditation and Health 
Evaluation. Recommandation pour la pratique 
clinique, Prévention anténatale du risque infectieux 
bactérien, rapport. Paris, France: National Agency 
for Accreditation and Health Evaluation; 2006.  
P. 136.  

20. Weston EJ, Pondo T, Lewis MM, Martell-Cleary P, 
Morin C, Jewell B, et al. The burden of invasive early-
onset neonatal sepsis in the United States, 2005-
2008. Pediatr Infect Dis J. 2011; 30(11):937-41.   

21. Nouri-Merchaoui S, Mahdhaoui N, Beizig S, Zakhama 
R, Fekih M, Methlouthi J, et al. Interest of serial C-
reactive protein (CRP) in the management of 
newborns suspected of maternofetal bacterial 
infection: prospective study of 775 cases. J Pediatr 
Childcare. 2009; 22(2):80-8. 

22. Mukhopadhyay S, Taylor JA, Von Kohorn I, 
Flaherman V, Burgos AE, Phillipi CA, et al. Variation 
in sepsis evaluation across a national network of 
nurseries. Pediatrics. 2017; 139(3):e20162845.  

23. Seale AC, Blencowe H, Manu AA, Nair H, Bahl R, Qazi 
SA, et al. Estimates of possible severe bacterial 
infection in neonates in sub-Saharan Africa, south 
Asia, and Latin America for 2012: a systematic 

review and meta-analysis. Lancet Infect Dis. 2014; 
14(8):731-41.  

24. Polin RA; Committee on Fetus and Newborn. 
Management of neonates with suspected or proven 
early-onset bacterial sepsis. Pediatrics. 2012; 
129(5):1006-15.  

25. Macharashvili N, Kourbatova E, Butsashvili M, 
Tsertsvadze T, McNutt LA, Leonard MK. Etiology of 
neonatal blood stream infections in Tbilisi, Republic 
of Georgia. Int J Infect Dis. 2009; 13(4):499-505.  

26. Kayange N, Kamugisha E, Mwizamholya DL, 
Jeremiah S, Mshana SE. Predictors of positive blood 
culture and deaths among neonates with suspected 
neonatal sepsis in a tertiary hospital, Mwanza-
Tanzania. BMC Pediatr. 2010; 10:39.  

27. Ainbender E, Cabatu EE, Guzman DM, Sweet AY. 
Serum C-reactive protein and problems of newborn 
infants. J Pediatr. 1982; 101(3):438-40.  

28. Sann L, Bienvenu F, Bienvenu J, Bourgeois J, 
Bethenod M. Evolution of serum prealbumin, C-
reactive protein, and orosomucoid in neonates with 
bacterial infection. J Pediatr. 1984; 105(6):977-81. 

29. Alt R, Willard D, Messer J, Metais P, Goester C, Mark 
JJ. Value of C-reactive protein in neonatal bacterial 
infections. Arch Fr Pediatr. 1982; 39(10):811-3.  

30. Hofer N, Zacharias E, Müller W, Resch B. An update 
on the use of C-reactive protein in early-onset 
neonatal sepsis: current insights and new tasks. 
Neonatology. 2012; 102(1):25-36.  

31. Lacaze-Masmonteil T, Rosychuk RJ, Robinsom JL. 
Value of a single C-reactive protein measurement at 
18 h of age. Arch Dis Child Fetal Neonatal Ed. 2014; 
99(1): F76-9.  

32. Laborada G, Rego M, Jain A, Guliano M, Stavola J, 
Ballabh P, et al. Diagnostic value of cytokines and C-
reactive protein in the first 24 h of neonatal sepsis. 
Am J Perinatol. 2003; 20(8):491-501.  

33. Wagle S, Grauaug A, Kohan R, Evans SF. C-reactive 
protein as a diagnostic tool of sepsis in very 
immature babies. J Paediatr Child Health. 1994; 
30(1):40-4.  

34. Folqueta MA, Dainguya ME, Diomandea D, Kouakoua 
C, Kamenana M, Mbengue Gbononc VC, et al. Update 
of the profile of bacterial infections of newborns at 
Cocody University Hospital in Abidjan. J Pediatr 
Childcare. 2016; 29(1):8-14.  

35. Puopolo KM, Benitz WE, Zaoutis TE; Committee on 
fetus and newborn; committee on infectious 
diseases. Management of neonates born at ≤34 6/7 
weeks' gestation with suspected or proven early-
onset bacterial sepsis. Pediatrics. 2018; 
142(6):e20182896.  

36. Tsai CH, Chen YY, Wang KG, Chen CY, Chen CP. 
Characteristics of early-onset neonatal sepsis 
caused by Escherichia coli. Taiwan J Obstet Gynecol. 
2012; 51(1):26-30.  

37. Mayor-Lynn K, González-Quintero VH, O'Sullivan MJ, 
Hartstein AI, Roger S, Tamayo M. Comparison of 
early-onset neonatal sepsis caused by Escherichia 
coli and group B Streptococcus. Am J Obstet Gynecol. 
2005; 192(5):1437-9.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Fitchett%20EJA%5BAuthor%5D&cauthor=true&cauthor_uid=27633910
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seale%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=27633910
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vergnano%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27633910
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharland%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27633910
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heath%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=27633910
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saha%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=27633910
https://www.ncbi.nlm.nih.gov/pubmed/27633910


Early-onset Neonatal Sepsis in Moroccan Newborns                      Hattoufi K et al  

39  Iranian Journal of Neonatology 2021; 12(4) 

38. Ben Hamida Nouaili E, Harouni M, Chaouachi S, Sfar 
R, Marrakchi Z. Early-onset neonatal bacterial 
infections: a retrospective series of 144 cases. Tunis 
Med. 2008; 86(2):136-9.  

39. Gaschignard J, Levy C, Romain O, Cohen R, Bingen E, 
Aujard Y, et al. Neonatal bacterial meningitis: 444 
cases in 7 years. Pediatr Infect Dis J. 2011; 
30(3):212-7. 

40. Sutkin G, Krohn MA, Heine RP, Sweet RL. Antibiotic 
prophylaxis and non-group B streptococcal neonatal 
sepsis. Obstet Gynecol. 2005; 105(3):581-6.  

41. Basmaci R, Bonacorsi S, Bidet P, Biran V, Aujard Y, 
Bingen E, et al. Escherichia Coli meningitis features 
in 325 children from 2001 to 2013 in France. Clin 
Infect Dis. 2015; 61(5):779-86.  

42. Bonacorsi S, Bidet P, Geslain G, Cointe A, Doit C, Biran 
V, et al. Specificities of bacteriological examinations of 
newborns suspected of infection Laboratory 
examinations particularities in bacterial infection 
diagnosis of neonates. Francophone J Lab. 2018; 
500:55-62. 

43. Sáez-Llorens X, McCracken GH Jr. Bacterial 
meningitis in children. Lancet. 2003; 361(9375): 
2139-48. 

44. Chin RF, Neville BG, Scott RC. Meningitis is a 
common cause of convulsive status epilepticus with 
fever. Arch Dis Child. 2005; 90(1):66-9. 

45. Ku LC, Boggess KA, Cohen-Wolkowiez M. Bacterial 
meningitis in infants. Clin Perinatol. 2015; 42(1): 
29-45.  

46. Chemsi M, Elmasbahi F, Lami AS, Lehlimi M, Habzi A, 
Benomar S. Lumbar puncture in early bacterial 
neonatal infection: performance and decision. J 
Pediatr Childcare. 2018; 31(1):27-33.  

47. Odabasi IO, Bulbul A. Neonatal Sepsis. Sisli Etfal 
Hastan Tip Bul. 2020; 54(2):142-58.  

48. Kanegaye JT, Soliemanzadeh P, Bradley JS. Lumbar 
puncture in pediatric bacterial meningitis: defining 
the time interval for recovery of cerebrospinal fluid 
pathogens after parenteral antibiotic pretreatment. 
Pediatrics. 2001; 108(5):1169-74.  

49. Montamat S. Antibiotherapie en neonatologie. La 
Lettre de L'infectiologue. 1999; 14(2):66-9.  

50. Sahnoun O, Noomen S, Mastouri M. Antimicrobial 

susceptibility of Streptococcus agalactiae strains in 
Monastir. Med Maladies Infect. 2007; 37(11):734-7.  

51. Hays C, Louis M, Plainvert C, Dmytruk N, Touak G, 
Trieu-Cuot P, et al. Changing epidemiology of group 
B streptococcus susceptibility to fluoroquinolones 
and aminoglycosides in France. Antimicrob Agents 
Chemother. 2016; 60(12):7424-30.  

52. Souza VC, Kegele FC, Souza SR, Neves FP, de Paula 
GR, Barros RR. Antimicrobial susceptibility and 
genetic diversity of Streptococcus agalactiae 
recovered from newborns and pregnant women in 
Brazil. Scand J Infect Dis. 2013; 45(10):780-5.  

53. Martins ER, Andreu A, Correia P, Juncosa T, Bosch J, 
Ramirez M, et al. Group B streptococci causing 
neonatal infections in barcelona are a stable clonal 
population: 18-year surveillance. J Clin Microbiol. 
2011; 49(8):2911-8. 

54. Puopolo KM, Madoff LC, Eichenwald EC. Early-onset 
group B streptococcal disease in the era of maternal 
screening. Pediatrics. 2005; 115(5):1240-6. 

55. Blaschke AJ, Pulver LS, Korgenski EK, Savitz LA, Daly 
JA, Byington CL. Clindamycin-resistant group  
B Streptococcus and failure of intrapartum 
prophylaxis to prevent early-onset disease. J 
Pediatr. 2010; 156(3):501-3.  

56. Zarkesh M, Sedaghat F, Heidarzadeh A, Tabrizi M, 
Bolooki-Moghadam K, Ghesmati S. Diagnostic value 
of IL-6, CRP, WBC, and absolute neutrophil count to 
predict serious bacterial infection in febrile infants. 
Acta Med Iran. 2015; 53(7):408-11.  

57. Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. 
Serum procalcitonin and C-reactive protein levels as 
markers of bacterial infection: a systematic review 
and meta-analysis. Clin Infect Dis. 2004; 39(2): 
206-17.  

58. van Rossum AM, Wulkan RW, Oudesluys-Murphy 
AM. Procalcitonin as an early marker of infection in 
neonates and children. Lancet Infect Dis. 2004; 
4(10):620-30.  

59. Yu Z, Liu J, Sun Q, Qiu Y, Han S, Guo X. The accuracy of 
the procalcitonin test for the diagnosis of neonatal 
sepsis: a meta-analysis. Scand J Infect Dis. 2010; 
42(10):723-33.  

 


