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ABSTRACT

Objective: To determine the incidence and the clinical, bacteriological and cerebrospinal fluid characteristics of neonatal meningitis in Lima hospitals. Materials and methods: An observational, multicenter
study was conducted in six hospitals in the city of Lima during 1 year of epidemiological surveillance.
Results: The cumulative hospital incidence was 1.4 cases per 1000 live births. A total of 53 cases of neonatal meningitis were included, 34% (18/53) were early and 66% (35/53) late. The associated maternal
factors were meconium-stained amniotic fluid and urinary tract infection. Insufficient prenatal checkups were found in 58.8% (30/51). The most associated neonatal factor was sepsis. The main symptoms
were fever, irritability, hypoactivity and respiratory distress. Pleocytosis in cerebrospinal fluid (CSF) was
significant, without predominance of polymorphonuclear lymphocytes (PMN), hypoglycorrhagia and
proteinorrhagia. The most frequent pathogens isolated were Escherichia coli and Listeria monocytogenes.
Conclusions: The hospital incidence of neonatal meningitis was 1.4 per 1000 live births, being ten times
higher in preterm infants. Breathing difficulty was the most frequent symptom in the early stage, while
fever and irritability in the late stage. CSF showed pleocytosis without predominance of PMN. The most
frequent germs were Escherichia coli and Listeria monocytogenes. Ventriculitis and hydrocephalus were
the most common neurological complications.
Keywords: Meningitis; Newborn; Premature; Cerebrospinal Fluid; Peru (source: MeSH NLM).
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Neonatal meningitis (NM) is a devastating disease, known to exist for over a century. Early
publications emphasized its clinical rarity and cumbersome diagnostic process (1,2). However,
over time it has been reported on every continent, and despite scientific and technological
advances, it remains a public health problem (3).
Incidence of NM varies considerably. In developed countries, it is estimated to be around
0.3 cases per 1,000 live births, while in developing countries this incidence can be as high as
6.1 cases per 1,000 live births (3). With the new methods, detection has improved and lethality
has decreased; however, morbidity remains high (20-60%) (4).
In Peru, Oliveros reported 0.47 cases per 1,000 live births in 1993 (6). However, in recent years
an upward trend has been observed, ranging from 0.9 to 1.5 cases per 1,000 live births (5-7). This
incidence could be greater in our population due to the high frequency of maternal-perinatal
factors, such as insufficient prenatal control, sepsis, immaturity due to prematurity and factors
inherent to neonatal intensive care (5).
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NM is classified in 2 types, early and late (8). Early NM
starts within the first 72 hours and is related to contamination through the birth canal with bacteria such as Escherichia
coli, Streptococcus group B and Listeria monocytogenes (9,10).
After 72 hours, late NM is associated with germs from the
hospital environment, such as coagulase-negative Staphylococcus and gram-negative bacilli (Escherichia coli, Klebsiella
pneumoniae, Enterobacter spp.) (9-11).
NM is a health emergency, and as soon as it is suspected, empirical antibiotic treatment should be indicated (12).
However, diagnosis is complex due to the low specificity of
signs and symptoms and the difficulty of isolating the germs
by culture. So, when risk factors are detected, clinical suspicion is the only alternative (2,8).
Given the scarce information on NM in our country regarding aspects such as its frequency, impact on morbimortality and the prevalence of the pathogens involved (9,12), it is
extremely important to know the epidemiological and clinical
profile of the disease. For this reason, the objective of the study
was to estimate the incidence, associated factors, clinical aspects and cerebrospinal fluid (CSF) characteristics, etiology,
and complications of NM in hospitals in the city of Lima.

MATERIALS AND METHODS
Design and population

Multi-center case series study carried out between 2017 and
2018, with the aim of carrying out hospital epidemiological
surveillance of NM for 12 consecutive months in Lima hospitals, without intervening in the diagnosis and treatment
processes.
To be included in the study, hospitals had to have neonatal units, neonatal physicians, specialized nursing staff,
specialists in neurology or neuropediatrics, neuroimaging
equipment and a clinical laboratory suitable for processing
general analysis and cytochemical and bacteriological examination of CSF. For this purpose, 12 hospitals were selected,
from which 6 met the inclusion criteria: Hospital Cayetano
Heredia (HCH), Hospital Nacional Docente Madre Niño
San Bartolomé (HSB), Hospital Nacional Arzobispo Loayza (HNAL), Instituto Nacional Materno Perinatal (INMP),
Hospital Nacional Guillermo Almenara Irigoyen (HNGAI)
and Hospital Nacional Daniel Alcides Carrión (HNDAC).
All were level III health facilities.
A research team was organized with physicians representing each of the six hospitals, who were trained in the
process of inclusion, follow-up and collection of clinical and
laboratory data. All centers had a neonatologist and a neurologist. A new-case alert system was developed. The possibility of a case, was recorded, communicated and confirmed by
https://doi.org/10.17843/rpmesp.2020.372.4772

KEY MESSAGES
Motivation for the study: The frequency of neonatal meningitis in some hospitals and the absence of a treatment protocol motivated an epidemiological surveillance study in Lima.
Main findings: An incidence of 1.4 cases per 1,000 live births
was found, preterm infants represented the highest proportion. Symptoms were non-specific, mainly respiratory distress
in early NM, and fever and irritability in the late type. Cerebrospinal fluid showed moderate pleocytosis with hypoglycorrhachia and hyperproteinorrhachia. Escherichia coli and
Listeria monocytogenes predominated.
Implications: There is a need to standardize the diagnostic
and treatment criteria for NM. Likewise, epidemiological surveillance should continue in the neonatal units of our country.

the representant of each hospital. The monitoring and data
collection continued until discharge. An ad hoc clinical file
was created, with data about filiation, sex, age, gestational
age, prenatal, birth and postnatal data, CSF characteristics
and bacteriological data. There was no interference in management decisions. In all hospitals the objectives of the project were presented to the pediatric medical team.
In order to estimate hospital incidents, the number of
births during the observation period was recorded, according to the perinatal register and statistics office of each hospital. Finally, premature births were recorded by gestational
age and sex

Variables
All full-term infants under 28 days or pre-term infants under 44 weeks corrected gestational age were entered into the
study. The inclusion criteria for all cases of NM were infants
who were symptomatic or at risk of infection; pleocytosis ≥
30 leukocytes/μL in CSF, diagnosis and care at the hospital of
birth. The hospital follow-up concluded with the discharge of
the patient. Neonates with severe cerebral malformations and
spinal dysraphism were excluded
NM categorization was confirmed (germ identified),
probable (high bacterial suspicion), and possible (low bacterial suspicion) (5,11). NM was confirmed when the germ
was identified in the CSF, by culture, polymerase chain reaction (PCR), coagglutination or blood culture. Probable NM
was defined by hypoglycorrhachia (glycorrhachia ≤50% of
serum glucose or absolute glycorrhachia of ≤40 mg/dL) and
hyperproteinuria (proteinuria ≥60 mg/dL) (5,8). Cases of possible NM had any level of glycorrhachia or proteinorrhachia
or normal biochemical values. The viruses were identified by
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PCR or viral indirect immunofluorescence (viral IIF) in the
CSF. The fungi were identified by CSF culture/PCR. In the
case of lumbar punctures (LP), a leukocyte was discounted
for every 500 red blood cells in CSF.
Early MN was defined as, confirmed, probable or possible
cases diagnosed before 72 hours of age. Late NM was defined
as cases diagnosed after 72 hours of age (5,8). Early neurological complications were defined within the first seven days of
detection. The complications considered were hydrocephalus,
ventriculitis, subdural effusion and cerebral infarction, identified by cerebral ultrasound or cerebral magnetic resonance.
In order to measure the burden of disease, out-of-hospital cases were recorded. Out-of-hospital cases are defined
as cases of NM born in other hospitals and admitted during
the study period.
A set of prenatal, natal and postnatal variables were recorded and analyzed. Numerical variables were: maternal
age, antenatal control, gestational age, birth weight; and categorical variables were: maternal urinary infection, maternal fever, chorioamnionitis, presence of meconium amniotic
fluid, pre-eclampsia / eclampsia, asphyxia, intraventricular
hemorrhage, sepsis, anemia, meconium aspiration, fever,
respiratory distress, hypoactivity, irritability, vomiting. Likewise, CSF characteristics and germ frequencies, treatment,
complications and lethality were recorded and analyzed.

Ethical considerations
The identity of the patients was protected by numerical codes. The project was also approved by the Institutional Ethics
Committee of Universidad Peruana Cayetano Heredia and by
the ethics committees of each of the participating hospitals.

Statistical Analysis
The information was collected and stored in a Microsoft
Excel 2016 © database. The accumulated incidence during
one year of observation in each hospital was determined.
The project started in several successive months in 2017
and ended sequentially in 2018. The cumulative incidence
was estimated from the sum of confirmed cases, probable
cases and possible cases divided by the number of live births.
Out-of-hospital cases were not considered for the incidence
calculation.
The frequencies of clinical and laboratorial variables are
presented for early, late and out-of-hospital NM. Numerical
variables were summarized with medians and their interquartile range. Logistic regression was performed to determine the
influence of some factors on early meningitis with respect to
late meningitis, by analyzing all cases. Homogeneity was determined by the Levene and Forsythe-Browne tests. The only few

212

missing data were from the prenatal control variable, so no replacement technique was necessary.

RESULTS
Patient Enrollment

The project started in 2017. Given that the enrollment in
hospitals was carried out gradually, the study was completed
in 2018. During this period a total of 38,513 live neonates
were registered in the six hospitals, of which 51 patients were
included who developed 53 cases of NM, one patient presented three episodes of NM. From the reported cases, 41.5%
(22/53) were neonates who, having left the hospital in good
condition, were readmitted on suspicion of an infectious
process. During the study period, seven out-of-hospital cases were admitted (Figure 1), considered only for the profile
of clinical, etiological and laboratorial analysis.
The average maternal age was 27.2 years and parity was
2.3 per woman. The number of prenatal controls was also
insufficient in 58.8% (30/51) of the mothers. From the neonates, 54.7% (29/53) were born prematurely before 37 weeks.
The population studied was homogeneous among the hospitals included.

Epidemiological characteristics

The hospital incidence was 1.4 cases per 1,000 live births,
with a wide variation among hospitals, from 0 to 3.2 cases
per 1,000 live births. HCH and HNDMNSB had the highest
incidence. In pre-term infants under 37 weeks, the NM incidence was 7.5 cases per 1,000 live births and 0.7 cases per
1,000 live full-term births (Table 1).
The male/female ratio was 1.4; males represented the
58.3% (35/60) and females 41.7% (25/60). The majority of
patients were from northern Lima at 42% (25/60), mainly
from the districts of San Martín de Porres and Los Olivos,
followed by districts of eastern Lima at 15% (9/60). Figure 2 shows that the cases came from areas surrounding the
hospitals.
From the total, 34% (18/53) were early NM cases and
66% (35/53) were late NM cases. Cases of confirmed NM
were 58.5% (31/53), of which 25.8% (8/31) were early and
74.2% (23/31) late. Bacterial NM occurred in 87.1% (27/31)
of the confirmed cases and viral NM in 12.9% (4/31). Probable NM was 22.6% (12/53) of the total of cases and possible
NM was 18.9% (10/53). Regarding outpatients, 4 had confirmed NM, 2 had probable NM and 1 had possible NM.

Clinical characteristics

For early NM, the associated prenatal factors were meconial
amniotic fluid (38.9%), urinary tract infection (33.3%), mahttps://doi.org/10.17843/rpmesp.2020.372.4772
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Population of 38,513
newborns

60 suspected
patients
8 patients who do not meet the pleocytosis
criteria are excluded
1 patient with ventriculitis and spinal
dysraphism is excluded
51 patients
(53 cases)

31 cases
hospitalized
since birth

16 cases
of early NM

7 cases were
born in other
hospitals

22 cases were re-admitted
to the birth hospital

15 cases
of late NM

2 cases of
early NM

20 cases of
early NM

7 cases of
late NM

NM: neonatal meningitis

Figure 1. Patient flow chart.

Cytochemical and bacteriological characteristics
of the CSF

ternal fever (27.8) and chorioamnionitis (22.2%). However,
in the late NM, these factors did not seem to have a major
influence (Table 2).
Sepsis was the most important factor related to NM; and
according to the NM types, 50% (9/18) were early meningitis
cases, 20% (7/35) were late meningitis cases and 42.9% (3/7)
were of out-of-hospital meningitis cases. The average age for
the onset of symptoms in early NM cases was 0.9 days; 18.6
days in late NM; and 11.9 days in the out-of-hospital cases.
Symptoms such as respiratory distress, were more common
in the early NM. In late NM, fever, irritability and hypoactivity predominated (Table 2). Table 5 shows the risk factors
associated with early NM in relation to late NM.

On average, 2.5 and 2 LPs were performed for early and late
NM, respectively. In most cases of early NM, the LP was performed on the first day of hospitalization; and in cases of late
NM, it could take until the third day of illness.
In Table 3, the cytochemical characteristics of the CSF
are presented. The median value for pleocytosis was 225 leukocytes/μL for early NM and 202 leukocytes/μL for late NM,
the median value for polymorphonuclears (PMN) was of
57% and 30%, respectively. Hypoglycorrhachia was similar
in both types of meningitis and hyperproteinorrhachia was

Table 1. Cumulative incidence of neonatal meningitis according to hospital institution.

Institution
Hospital Nacional Cayetano Heredia
Hospital Nacional Docente Madre Niño San
Bartolome
Instituto Nacional Materno Perinatal
Hospital Nacional Arzobispo Loayza
Hospital Nacional Daniel Alcides Carrion
Hospital Guillermo Almenara Irigoyen
Total

Total
Live
births
4,436

Pre-term

14

Cumulative incidence
(per 1,000 live births)
3.2

Live
births
826

6,155

20

3.2

18,138
2,765
3,915
3,104
38,513

17
1
1
0
53

0.9
0.4
0.3
0.0
1.4

Cases

7

Cumulative incidence
(per 1,000 live births)
8.5

395

8

20.3

1634
226
481
280
3842

13
0
1
0
29

8.0
0.0
2.1
0.0
7.5

Cases

Surveillance during a 1-year period
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Carabayllo

Ventanilla

Pte. Piedra

SJL
Los Olivos
SMP
Indepen.
H Rimac
Cercado
H H
Bellavista
H

El Agustino
San Luis

H HCH, HSB, INMP, HNAL
H HDAC
Cases according to districts
0-1
2-3
4-5
6-7

SJM
Chorrillos
VES

HCH: Hospital Cayetano Heredia
HSB: Hospital San Bartolomé
HNAL: Hospital Nacional Arzobispo Loayza
HDAC: Hospital Daniel Alcides Carrión
INMP: Instituto Nacional Materno Perinatal

Figure 2. Distribution of neonatal meningitis cases by district of origin
(Metropolitan Lima)

higher in early NM. In the out-of-hospital type, there was
less pleocytosis and more glycorrhachia (Table 3).
A total of 35 germs were identified, including bacteria,
viruses and a case of Candida albicans. In all clinical types,
Escherichia coli and Listeria monocytogenes predominated.
In 17.1% (6/35) of the cases the germ was isolated both in
blood culture and in the CSF. Escherichia coli was found in
four of those cases, group B Streptococcus and coagulase negative Staphylococcus, in one case each. Cases of influenza
B, coronavirus and adenovirus were identified by indirect
immunofluorescence (IIF). In a single case, PCR was performed, isolating herpes virus VI (Table 4).

Treatment and special conditions
Treatment schedules were highly variable. The mean duration for cases of early NM was 21 days and 19.5 days for
late meningitis. Before the first LP was performed, 62% of
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children received antibiotics. The most commonly used
drugs were ampicillin (60%), cefotaxime (38%), vancomycin
(28%), meropenem (33%) and gentamicin (22%), in different schedules.
In the specific analysis of late meningitis, not including
outpatients, two groups were differentiated (Figure 1). In the
first group, 86.7% (13/15) of patients were pre-term infants,
46.6% (7/15) had respiratory distress, most were diagnosed at seven days of age, and their CSF was characterized
by increased pleocytosis. In the second group, 75% (15/20)
were full-term infants, fever and irritability were the most
frequent symptoms and the diagnosis was made within the
first two days of hospitalization.
Three patients had special presentations. One had minor
pleocytosis and urinary-related bacteremia by Escherichia
coli; another had normal initial cytochemistry, but with a
CSF culture positive for Escherichia coli that later developed
pleocytosis; and the third one had three episodes of meningitis (recurrent) by extended-spectrum beta-lactamase-producing Escherichia coli.

Complications and lethality
At least one neurological complication was observed in 25%
(15/60) of the cases, from which, 73.3% (11/15) were preterm infants. Early and late neurological complications were
ventriculitis and hydrocephalus respectively.
From the cases with late NM, 95.2% (40/42) were discharged with favorable evolution, early NM had a favorable
evolution in 77.8% (14/18) of the cases. Four cases were referred to a hospital with a higher complexity level. Two neonates died (3.3%), one presenting early NM and the other,
the late type.

DISCUSSION
NM had a hospital incidence of 1.4 cases per 1,000 live births, with a higher risk in pre-term than in full-term infants.
The wide variability in incidence leads to the suspicion that
diagnostic protocols for NM were not standarized across
hospitals. A variety of causal germs, mostly bacteria, were
identified, with the frequency of Eschericha coli and Listeria
monocytogenes being particularly noteworthy.
We present a larger NM clinical scenario than those known.
In this scenario the early type is related to birth conditions and
the late type is related to prolonged stay of pre-term infants in
neonatal units (9). We provide a new viewpoint, derived from
the community, which occurs more in full-term infants near
the second week, related to a higher proportion of viral agents.
https://doi.org/10.17843/rpmesp.2020.372.4772
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Table 2. Prenatal, natal and postnatal characteristics, according to the type of meningitis.

Characteristic
Cesarean section delivery
Prenatal controls
<6
6 or more
Prenatal and natal factors
Medications during pregnancy
Maternal fever
Premature rupture of membranes >18 h
Urinary tract infection
Vaginal infection
Pelvic-uterine surgery
Meconium-stained amniotic fluid
Chorioamnionitis
Prolonged labor
Preeclampsia/eclampsia
Intrauterine growth restriction
Male gender
Gestational age (weeks)
<37
≥37
Weight (grams)
<1,500
1,500 to 2,499
≥2,500
Age at the onset of symptoms (days) a
Postnatal factors
Sepsis
Asphyxia
Meconium aspiration
Intraventricular hemorrhage
Anemia
Connatal pneumonia
Pathological jaundice
Symptoms
Fever
Irritability
Hypoactivity
Breathing difficulty
Weak sucking
Vomiting
Jaundice
Apnea
Convulsions
Bulging fontanelle
Hypotonia
Hypertonia
Hiperreflexia
Hyporreflexia
Lethality

Early NM
(n = 18)

Late NM
(n = 35)

Out-of-hospital NM
(n = 7)

n (%)
11 (61.1)

n (%)
18 (51.4)

n (%)
3 (42.9)

10 (55.5)
4 (22.3)

17 (54.8)
14 (45.2)

3 (42.9)
3 (42.9)

0 (0.0)
5 (27.8)
3 (16.7)
6 (33.3)
0 (0.0)
1 (5.6)
7 (38.9)
4 (22.2)
2 (11.1)
2 (11.1)
0 (0.0)
11 (61.1)

1 (2.9)
1 (2.9)
9 (25.7)
7 (20.0)
2 (5.7)
0 (0.0)
9 (25.7)
5 (14.3)
1 (2.9)
5 (14.3)
2 (5.7)
20 (57.1)

1 (14.3)
0 (0.0)
0 (0.0)
2 (28.6)
1 (14.3)
0 (0.0)
1 (14.3)
0 (0.0)
0 (0.0)
1 (14.3)
0 (0.0)
4 (57.1)

11 (61.1)
7 (38.9)

18 (51.4)
17 (48.6)

3 (42.9)
4 (57.1)

4 (22.2)
7 (38.9)
7 (38.9)
0.9 (1.8)

9 (25.7)
10 (28.6)
16 (45.7)
18.6 (20.1)

2 (28.6)
1 (14.3)
4 (57.1)
11.9 (11.6)

9 (50.0)
1 (5.6)
0 (0.0)
4 (22.2)
0 (0.0)
1 (5.6)
0 (0.0)

7 (20.0)
0 (0.0)
1 (2.9)
2 (5.7)
1 (2.9)
0 (0.0)
0 (0.0)

3 (42.9)
2 (28.6)
1 (14.3)
1 (14.3)
0 (0.0)
0 (0.0)
1 (14.3)

7 (38.9)
7 (38.9)
7 (38.9)
13 (72.2)
4 (22.2)
1 (5.6)
4 (22.2)
5 (27.8)
2 (11.1)
3 (16.7)
5 (27.8)
3 (16.7)
1 (5.6)
2 (11.1)
1 (5.6)

19 (54.3)
20 (57.1)
17 (48.6)
10 (28.6)
12 (34.3)
2 (5.7)
4 (11.4)
7 (20.0)
6 (17.1)
2 (5.7)
6 (17.1)
2 (5.7)
3 (8.6)
1 (2.9)
1 (2.9)

5 (71.4)
3 (42.9)
4 (57.1)
3 (42.9)
3 (42.9)
4 (57.1)
5 (71.4)
1 (14.3)
1 (14.3)
3 (42.9)
3 (42.9)
2 (28.6)
1 (14.3)
2 (28.6)
0 (0.0)

NM: neonatal meningitis
a
Mean (SD)
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Table 3. Cerebrospinal fluid characteristics, according to the type of meningitis.
Variable

Early NM (n = 18)

Late NM (n = 35)

Out-of-hospital NM (n = 7)

Median

IQR

Median

IQR

Median

IQR

Leucocytes (cells/μL)

225

130-1912

202

45-530

150

32-866

PMN (%)

57

30-70

30

10-52

60

35-60

Glucose (mg/dL)

36

24-42

32

25-44

43

34-46

Proteins (mg/dL)

188

115-499

125

81-201

139

62-266

Erythrocytes (cells/μL)

100

10-500

3

0-100

32

5-50

NM: neonatal meningitis, IQR: interquartile range (25th and 75th percentiles), PMN: polymorphonuclears

Neonatal meningitis is an under-diagnosed and under-recorded prevalent disease in our country (5,13). In 2016, Zea et al.,
noted that LP is often deferred in confirmed sepsis (14). Likewise,
in a similar population it has been observed that medical criteria
may vary depending on the level of medical specialization (15).
We present an epidemiological surveillance study according the management protocols of each hospital. The incidence of 1.4 per 1,000 live births is an average value worldwide (3), and is initially taken as a reference. This value will
have to be adjusted in the future when the diagnostic criteria

are standardized. However, the high incidence in premature infants alerts us about the need for vigilance in neonatal
units (2,16).
This study was characterized by the inclusion of cases with
defined pleocytosis. This was made to meet the inflammatory
criteria for meningitis, classified as confirmed, probable
and possible, according to the definition of neonatal sepsis.
Therefore, more positive isolates were found in blood cultures.
Less were found to be positive in blood and CSF cultures, and
only a few cases were observed solely in CSF culture. We

Table 4. Isolation of the infectious agent according to the type of meningitis.
Infectious agent
Escherichia coli
Listeria monocytogenes
Coagulase-negative Staphylococcus
Group B Streptococcus
Enterococo faecium
Staphilococus epidermidis
Serratia marcescens
Serratia liquecies
Staphilococus hominis

Cultivated
fluid
CSF

Early
NM
3/18

Late
NM
2/35

Out-of-hospital
NM
0/7

Blood

2/18

7/35

0/7

CSF

1/18

2/35

0/7

Blood

3/18

2/35

0/7

CSF

0/18

1/35

1/7

Blood

1/18

1/35

0/7

CSF

0/18

1/35

1/7

Blood

0/18

0/35

1/7

CSF

0/18

0/35

0/7

Blood

1/18

1/35

0/7

CSF

0/18

0/35

0/7

Blood

0/18

2/35

0/7

CSF

0/18

0/35

0/7

Blood

0/18

1/35

0/7

CSF

0/18

0/35

0/7

Blood

0/18

1/35

077

CSF

0/18

0/35

0/7

Blood

0/18

0/35

1/7

Total
10/60 a
8/60
3/60 a
2/60 a
2/60
2/60
1/60
1/60
1/60

Influenza B (IIF)

CSF

0/18

1/35

0/7

Adenovirus (IIF)

CSF

0/18

1/35

0/7

1/60

Coronavirus (IIF)

CSF

0/18

1/35

0/7

1/60
1/60

Herpes virus VI (PCR)
Candida albicans (PCR)

CSF

0/18

1/35

0/7

CSF

0/18

0/35

0/7

Blood

0/18

0/35

1/7

1/60

1/60

NM: neonatal meningitis; CSF: cerebrospinal fluid; PCR: polymerase chain reaction; IIF: indirect immunofluorescence
a
Isolation of the germ in both blood and CSF
The total represents the burden of disease addressed by all the hospitals.
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Table 5. Factors associated with early neonatal meningitis compared to late
neonatal meningitis.
OR

p-value

95% CI

Maternal fever

Factor

18.51

0.021

1.56-219.87

Sepsis

5.10

0.040

1.08-24.07

Breathing difficulty

4.59

0.043

1.05-20.11

Cesarean section delivery

4.12

0.079

0.85-20.01

OR: Odds Ratio, 95% CI: 95% confidence interval

believe that PCR could have helped to reduce the number of
probable and possible cases, and to identify cases of pleocytosis
as just an inflammatory phenomenon (8,9,17).
All known risk factors for neonatal sepsis are related
to NM (12,18). For the early type, peripartum fever and incomplete prenatal controls were found to be risk factors.
These factors suggest the risk of microbial invasion from
the vaginal flora, the subsequent placental inflammatory
response, initiation of labor and consequently sepsis and
meningitis (8). However, other clinical and sociocultural
factors may not be considered.
Classically, NM is divided into early and late according
to its mechanism of contamination (12,16,19). However, we
have identified a third group of patients who come from
their homes, from the community environment, are term
infants, febrile and irritable with less pleocytosis, contaminated with common respiratory tract agents, both bacterial
and viral, and in some cases by germs that colonize maternal secretions.
The age of symptoms onset for both types of NM was
found to be within the expected ranges, 0.9 days for early
NM cases and 18.6 days for late NM cases. This was found
to be in accordance with other series, and clearly associated with the type of birth and neonatal unit stay (12,16,20). The
group of children of out-of-hospital origin also behaved as
late NM at 11.9 days.
The symptoms were more frequent in early NM than in the
late type, being very nonspecific and related to sepsis. Among
them, respiratory difficulty stood out in 70% of early cases, perhaps due to lung immaturity in the premature group or to respiratory acidosis (3,12,16). In late NM more neurological symptoms
were observed (1,3). However, identification of these symptoms
depends on the experience of the examiner (14,21). Maternal fever,
sepsis, and respiratory distress were three factors found to be
more likely to develop in early NM than in the late type. These
were probably generated by maternal infections, urinary tract
infections and chorioamnionitis (1,8). It will remain for future
studies to ensure the diagnosis of chorioamnionitis by pathological examination of the placenta.
In most cases, more than one LP was carried out, following
international guidelines. Given that NM is a difficult to diagnose
https://doi.org/10.17843/rpmesp.2020.372.4772

multi-symptomatic disease caused by many aggressive agents,
the guidelines recommend that the LP be performed prior to
the use of antibiotics. It is also recommended that a new control
should be performed within 48-72 hours, especially if there
is no clinical improvement, with the purpose of reducing the
bacterial load or achieving sterilization of the CSF (14,21,22).
In both clinical types, moderate pleocytosis without PMN
predominance was noted, they also presented hypoglycorrhachia and proteinorrhachia. This particular characteristic has
already been observed in other national studies (6,7), perhaps,
bacteriological factors, sample processing and patient’s immunological conditions are involved. In bacterial NM, hypoglycorrhachia and proteinorrhachia are common findings. These are
explained by glucose consumption and increased detritus, their
persistence for more than two weeks has been associated with
poor prognosis (23). However, these indicators may be aggravated by the presence of intracranial hemorrhage. Also, on rare
occasions, the first LP may not demonstrate pleocytosis, and a
second sample may be required within 12 to 24 hours (21).
The microbiological behavior of NM has varied regarding time and different geographical areas (2,3,16,24-26). Streptococcus agalactie stands out mainly in developed countries
and gram negative bacteria in non developed countries (3,24).
In this series, Eschericha coli and Listeria monocytogenes
were the prevalent germs in both types of NM, followed by
a variety of gram negative and gram positive bacteria, fewer
virus cases and one case of Candida albicans, all described in
different case series.
NM by Eschericha coli has been known for many decades
(1,2)
to be a part of early neonatal sepsis cases. It can also cause
late NM, usually associated with severe acute and mid term
complications such as hydrocephalus, subdural effusions,
cerebral infarctions and abscesses (2,27). In recent years, the
increased frequency of beta lactamase strains and their antimicrobial resistance has being notable (24,26). Therefore, their
presence in this series alerts about early identification and
treatment.
Listeria monocytogenes is a pathogen that has become
more important in Peruvian series in recent years (5,7). It has
been observed to be 5-20% (26) of the early and late types
reported, and it usually produces a moderate or severe disease, according to some international and national reports.
However, its infectious mechanism is not clearly identified,
but it is understood that the invasion is by genitourinary
route and related to the maternal intestinal flora.
The lethality rate by NM in national reports has been
decreasing over time. In 1993, Oliveros et al. reported 20%
death in a series of 24 cases (6), and in 2017, Lewis reported 3.8% in a series of 53 patients (5). Such decrease may be
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related to early diagnosis and treatment. However, the frequency of neurological complications was 25%, and the high
morbidity in premature infants (75%) was noteworthy (28,29).
Consequently, the use of cerebral ultrasound as a diagnostic
tool for hydrocephalus, ventriculitis and cerebral infarction
is very important in premature infants (30).
Not including certain variables such as prenatal steroid
use, intrauterine infections, histological chorioamnionitis,
invasive procedures, recording of sepsis cases without meningitis, antimicrobial sensitivity and resistance, community
contacts, and not involving more hospitals are among the
main limitations of this study. However, the strengths of the
study were to demonstrate that NM is frequent, that preterm infants are at greater risk, that the disease can present
itself in different ways and that a wide spectrum of causal
infectious agents exists. With these considerations we contribute to the national knowledge of this disease.
In conclusion, the hospital incidence of NM was 1.4
cases per 1,000 live births, and even higher in premature
infants. Respiratory distress was the most frequent symptom
for early NM, while fever and irritability were the most
frequent symptoms of late NM. Moderate pleocytosis, with
hypoglycorrhachia and proteinorrhachia, was noted in the

Neonatal Meningitis in Lima

CSF. The most frequent pathogens isolated were Eschericha coli
and Listeria monocytogenes. The most common neurological
complications were ventriculitis and hydrocephalus. A new
pathogenic scenario for NM is proposed, it consists of three
infection types: vertical infection, by vaginal flora germs;
nosocomial infection, by contamination in neonatal units; and
infection from the community by common germs.
A national epidemiological surveillance study of NM
is recommended. This study should standardize diagnostic
criteria (clinical, cytochemical, culture, PCR), neuroimaging
criteria (ultrasound and resonance) and criteria for identification of perinatal risk factors.
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