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ABSTRACT

Objective: To verify the use and identify advantages of molecular methods for congenital infections
diagnosis in cerebrospinal fluid of neonates.

Data source: The review was registered in the International Prospective Register of Systematic Reviews
(PROSPERO), under CRD42021274210. The literature search was performed in databases: PubMed,
Virtual Health Library/ Latin American and Caribbean Center on Health Sciences Information (VHL/
BIREME), Scopus, Web of Science, Excerpta Medica database (EMBASE), Cochrane, ProQuest, and
EBSCOhost. The search was carried out from August to October 2021 and updated in December
2022, respecting the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The selection sequence was: 1) Duplicate title removal; 2) Examination of titles and abstracts;
3) Full-text retrieval of potentially relevant reports; and 4) Evaluation of the full text according to
eligibility criteria by two independent authors. Inclusion criteria considered randomized and non-
randomized control trials, longitudinal, cross-sectional, and peer-reviewed studies in humans, published
in English, Spanish, Italian, and Portuguese, with newborns up to 28 days old who had congenital
neuroinfections by toxoplasmosis, rubella, cytomegalovirus, herpes simplex (TORCH), and others
such as Treponema pallidum, Zika, parvovirus B-19, varicella zoster, Epstein-Barr, and SARS-CoV2,
diagnosed by polymerase chain reaction (PCR). Two evaluators extracted the following information:
author, year of publication, nationality, subjects, study type, methods, results, and conclusion.

Data synthesis: The most studied pathogen was herpes simplex. Several articles reported only
nonspecific initial symptoms, motivating the collection of cerebrospinal fluid and performing
PCR for etiological investigation.

Conclusions: Molecular methods are effective to detect pathogen genomes in cerebrospinal fluid,
which can impact clinical evolution and neurological prognosis.

Keywords: Congenital toxoplasmosis; Congenital syphilis; Herpes simplex encephalitis virus;
Congenital Zika syndrome; Polymerase chain reaction; Cerebrospinal fluid.

RESUMO

Objetivo: Verificar a utilizagéo e identificar as vantagens dos métodos moleculares para diagnostico
de infeccdes congénitas no liquido cefalorraquidiano de neonatos.

Fontes de dados: A revisdo foi registrada na base PROSPERO (/nternational Prospective Register of
Systematic Reviews) sob CRD42021274210. A busca bibliogréfica foi realizada nas bases de dados
PubMed, Biblioteca Virtual em Satde/ Centro Latino-Americano e do Caribe de Informacéo em Ciéncias
da Saude (BVS/BIREME), Scopus, Web of Science, Excerpta Medica database (EMBASE), Cochrane,
ProQuest, e EBSCOhost. A busca foi feita no periodo de agosto a outubro de 2021 e atualizada em
dezembro de 2022, respeitando as orientacdes do Preferred Reporting Items for Systematic Reviews
e Meta-Analyises (PRISMA). A sequéncia da selecdo dos estudos foi: 1) Remoc¢é&o de duplicatas;
2) Exame de titulos e resumos; 3) Recuperacao dos textos completos potencialmente relevantes; e
4) Avaliacao do texto completo conforme critérios de elegibilidade por dois autores independentes.
O critério de inclus&o considerou ensaios clinicos randomizados e n&o randomizados, estudos
longitudinais, transversais, revisados por pares, estudos em humanos, publicados em inglés, espanhol,
italiano e portugués, com recém-nascidos de até 28 dias que sofreram neuroinfeccdes congénitas
pelos agentes toxoplasmose, rubéola, citomegalovirus, herpes simples (TORCH), e outros como
Treponema pallidum, Zika, parvovirus B-19, varicela zoster, Epstein-Barr, e SARS-CoV-2, diagnosticadas
por reacédo em cadeia de polimerase (PCR). Dois avaliadores extrairam as seguintes informacgoes:
autor, ano de publicacéo, nacionalidade, sujeitos, tipo de estudo, métodos, resultados e conclusédo.

Sintese dos dados: O patdgeno mais estudado foi Herpes Simples. Muitos artigos relataram somente
sintomas iniciais inespecificos, motivando a coleta de liquido cefalorraguidiano e realizacado da
PCR para investigacao etioldgica.

Conclusées: Os métodos moleculares sdo eficazes para detectar o genoma do patégeno no
liquido cefalorraquidiano, o que pode impactar na evolucéo clinica e no progndstico neuroldgico.
Palavras-chave: Toxoplasmose congénita; Sifilis congénita; Virus da encefalite herpes simples;
Sindrome congénita de Zika; Reacdo em cadeia da polimerase; Liquido cefalorraquidiano.
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Congenital neuroinfections by TORCH and SARS-CoV-2

INTRODUCTION

The risk of transmission of congenital infections from mother
to fetus depends on the type of infection and the time of
gestation. Generally, the most severe conditions are acquired
in the first trimester of pregnancy."” Some of these infec-
tions are caused by TORCH agents: toxoplasmosis, rubella,
cytomegalovirus, herpes simplex types 1 and 2 and others,
such as syphilis, varicella zoster, parvovirus B-19, SARS-
CoV-2, and Zika virus.*? The consequences of this can
be stillbirths, prematurity, uterine growth retardation, and
congenital malformations.'0*¢

'These consequences are known; therefore, there must be fast
and sensitive diagnostic methods in order to change the prog-
nosis of these newborns. Detection of deoxyribonucleic and
ribonucleic acids (DNA/RNA) in cerebrospinal fluid (CSF) by
molecular methods, such as polymerase chain reaction (PCR),
is a marker of the congenital infection involvement in the ner-
vous system.'”%

This review aimed to verify the use and advantages of molec-
ular methodologies (PCR, nested-PCR, real-time PCR) to
detect TORCH and coronavirus disease 2019 (COVID-19)
pathogens in CSF of newborns aged from one to 28 days old,

with suspected congenital infection.

METHOD

This is a systematic review about congenital infections diag-
nosed in the nervous system by molecular biology using the
PCR technique registered in the International Prospective
Register of Systematic Reviews (PROSPERO) database, num-
ber CRD42021274210.

The literature search was performed in the following main
databases: PubMed, Virtual Health Library of the Latin American
and Caribbean Center on Health Sciences Information (VHL/
BIREME), Scopus, Web of Science, Excerpta Medica database
(EMBASE), Cochrane, ProQuest,and EBSCOhost. There was
no restriction on publication dates. We included published arti-
cles in English, Spanish, Italian, and Portuguese. The search
was carried out from August to October 2021 and updated in
December 2022.

'The detection of TORCH and COVID-19 congenital infec-
tions in CSF by molecular methods was reviewed, using spe-
cific descriptors and their synonyms according to the Medical
Subject Headings (MeSH) and Health Sciences Descriptors
(Descritores em Ciéncias da Saiide, DeCS). Search terms were

“newborns” or “neonates” and TORCH agents: “congenital
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syphilis” or “congenital toxoplasmosis” or “varicella-zoster virus
encephalitis” or “parvovirus B-19” or “congenital rubella syn-
drome” or “congenital cytomegalovirus” or “herpes simplex virus
encephalitis” or “Epstein Barr virus infection” or “congenital
Zika” or “SARS-Cov-2” or “COVID-19” and “PCR” or “poly-
merase chain reaction” and “cerebrospinal fluid”. In this research,
Boolean operators and symbols such as OR and AND were used
to compose a search string.

The review followed the checklist criteria described by the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).

In the papers’ selection process, the following sequence
was respected:

1. Duplicate title removal;

2. Examination of titles and abstracts;

3. Full-text retrieval of potentially relevant reports; and

4. Evaluation of the full text potentially qualified study

and assessment of the eligibility criteria.

Two authors independently screened the studies by title and
abstract for potential inclusion in this review. Full texts of all
selected articles were subsequently reviewed and assessed for
eligibility. Disagreements or conflicts between reviewers were
resolved by consensus.

Manual searches were performed on the references of the
studies included in the final review process. Information on the
different phases of the selection process was carried out based
on the PRISMA flow diagram (Figure 1).

Randomized controlled trials (RCTs), longitudinal studies
(retrospective, prospective, case-control), cross-sectional stud-
ies,and non-RCTs with newborns up to 28 days old who had
congenital neuroinfections (by TORCH and SARS-CoV-2
agents) were included once the diagnosis of congenital infec-
tions had been investigated by PCR-based techniques applied
to neonatal CSF analysis. Exclusion criteria were: papers with
only abstracts (due to limited information); those on thera-
peutics; editorials; commentaries; unpublished manuscripts;
guidelines (usually based on non-research evidence or expert
opinion); reviews and systematic reviews; meta-analyses of
experimental and controlled observational studies; electronic
websites; conference proceedings, dissertations and PhD
thesis, research reports; animal studies; case series (because
of the small number of patients included in these articles).
Studies with newborns up to 28 days old who underwent
other diagnostic methodologies of congenital infections by

TORCH agents or enrolled infants aged 29 days and older
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Figure 1. Flowchart for studies’ selection.

were also excluded. The final decision was made after a con-
sensus among all the authors.

Two evaluators performed data extraction and analysis of the
selected articles. They extracted the necessary information such as
authors, year of publication, nationality, study design and type, sub-
jects,and more detailed information about molecular methodology
for deoxyribonucleic and ribonucleic acids (DNA/RNA) detection of
TORCH and SARS-CoV-2 pathogens causing congenital infections
in CSF, and results and conclusions of the selected studies. This data
was organized in the Microsoft Office Excel 365 software.

RESULTS

Data extracted from the included articles are summarized
according to etiological agents of congenital neuroinfections
in Table 1, Herpesviridae family agents (herpes simplex virus
[HSV-1 and HSV-2], varicella zoster [VZV], Epstein-Barr
virus [EBV], cytomegalovirus [CMV]) and parvovirus B-19.
In Table 2, Toxoplasmosis; in Table 3, Zika virus (ZIKV); and
in Table 4, Treponema pallidum (syphilis pathogen).

3

DISCUSSION

Infections in the central nervous system (CNS) of neonates
may be caused by several etiological agents. In the literature,

24-27 and

we found that 66% of encephalitis is caused by viruses
26% of newborns who present with seizures have some neu-
roinfection of viral etiology.?

The differential diagnosis of congenital neuroinfections
only by clinical signs is quite difficult, due to the presentation
of nonspecific signs in this age group, that are not pathog-
nomonic of specific pathogens.??® It is, therefore, important
to identify the pathogen in the CSF, which can impact the
evolution and the neurological prognosis of these newborns,
since molecular methods are fast and effective for detecting
these causal agents, allowing the early institution of the rec-
ommended therapy.?

The discussion will focus on each pathogen separately and

the studies that investigated it.

Herpes simplex

The most frequent among the congenital infections studied in
the CSF found in this review was the neuroinfection caused by
HSV (16/29,55%). HSV-1 and 2 were the most common patho-
gens isolated by PCR performed in neonatal CSF. Acute spo-
radic encephalitis is most frequently caused by HSV-1 and 2136°
in patients aged 0-19 years, accounting for about 31-50%"'¢
of all herpetic encephalitis. While HSV type 1 is normally iso-
lated from adults and children, HSV type 2 is detected mainly
in newborns.!”?

Vertical transmission of HSV usually occurs during child-
birth as a result of contact with the maternal infectious secretion
during passage through the vaginal canal; however it can also
occur through the transplacental and postnatal route, but does
not contraindicate breastfeeding.?** This predominant mode
of transmission in the birth canal should explain why HSV-2
predominated over HSV-1 in newborn CSF.}12131617 HSV-1
and 2 can cause different morbidities and establish latent infec-
tions that can be further reactivated, causing lesions located at
the primary site of infection or close to it.

About 30% of infected neonates have HSV in the CNS
and the symptoms are usually nonspecific, similar to a
severe bacterial infection. Skin lesions are an indication of
HSYV infection; however, 35% of newborns do not manifest
this symptom.?” Herpetic encephalitis can have a devastat-
ing course, with a poor prognosis. Approximately 70% of
untreated patients die. Meningitis occurs in 10% of cases of

primary HSV-2 infection.
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Table 1. Data synthesis from the articles about congenital Herpesviridae infections in the review.

Country, Year Subjects Study type Results and Conclusion
Patients with . . PCRis a highly specific test for
Anderson et al! Nzt Z el g clinical HSV prospective Slelehen o HSV DNAwith HSV-1 and HSV-2 encephalitis
1993 PCRin CSF
encephalitis in newborns
Czech- Poland. 2021 168 infants retrospective retrospective (2012-2015) PCR in CSF: 23 positive for
Kowalska et al.> ! with cCMV and prospective  and prospective (2016-2019) CMV, all symptomatic
infants 0-60 case-control HSV: 3,4% by PCR; seizure
Davis et al.6 USA, 2008 days; 88 cases stud PCRin CSF; 1999-2004 associated with decision to
and 83 controls o CSFHSV PCR
. g neonates with . PCR of HSVin CSF; o) e o .
Jeyanthietal®® Singapura, 2015 HSV in CNS retrospective 1998-2011 33% seizures, 44% vesicles
. . Real-time PCR
Neonates with . real-time PCR HSV compared T e
hIs s o/ - 5
Kawada et al. Japan, 2004 HSV encephalitis prospective with nested PCR in 109 CSE sensitivity: 1820/{;:, specificity:
. 100 newborns ) CSF PCR of HSV, VZV, Neonates: only CMV detected
15 4 ’ ’
Kleines et al. German, 2014 5001-2012 retrospective EBV, CMV (%)
Kurtz et 311 United Kingdon, infants with HSV retrospective CSF: HSV PCR were reviewed, HSV PCR should be done in all
’ 2003 encephalitis P follow-up 1996-1999 neonates with encephalopathy
Malm and 36 neonatal HSV . . . in CNS: 29; seven had HSV-1
Forsgren? Sweden, 1999 infections retrospective PCR in CSF; 1973-1996 and 29 HSV-2
. - neonates with . medical record review HSV PCRin CSF: 70% of
S EEEL Lk, 2l HSVin CNS retrospective 1993-2012 neonates with encephalitis
Mustonen Finland/ UK, Neonates with rospective PCR for: HSV-1and 2, VZV Only HSV-2 found in CSF
et al.3 2003 seizures prosp 1995-1997 samples of these neonates
. . o . .
Norero® Panama, 2015 [eorile (60 prospective  prp oreoE 2013 - 201 27 CMVinfection; none HSV
neonates) descriptive in suspicion of sepsis
- 68 newborns, ) PCR for HSV/EBV/VZV/CMV/ None of these pathogens
26
calieiel lizlly, 2005 2012 - 2015 [ERsRess PvB-19 detected in neonates’ CSF
Petel et 3127 Canada, 2020 younger than 90 cross-secthnal PCR in CSF, 2013-2014 Viral CNS infgcpiops more than
days of age retrospective bacterial in infants
Schleede German. 2013 Neonates with retrospective HSV encephalitis diagnosed  difficulty to diagnose because
et al.?? ! encephalitis and prospective by PCR of nonspecific early symptoms

HSV: herpes simplex virus; DNA: deoxyribonucleic acid; PCR: polymerase chain reaction; CSF: cerebrospinal fluid; CMV: cytomegalovirus; cCMV:
congenital cytomegalovirus; USA: United States of America; CNS: central nervous system; VZV: varicella zoster virus; EBV: Epstein-Barr virus;

UK: United Kingdom.

Table 2. Data synthesis from articles about congenital toxoplasmosis included in the review.

Study Country, Year Subjects Study type Methods Results and Conclusion
PCR diagnosis from 2003
4] suspicious Observational to 2013. All positive samples PCR positive for congenital
Belaz F pict o were reanalyzed with both toxoplasmosis in CSF and suggest
2 rance, 2015 congenital longitudinal ) :
et al. toXODI3SMOSS retrospective gene targets in the same that region should be adopted as part
P P PCR. All samples from proven of the standardization
congenitally infected infants.
PCR method: sensitivity was
Cassain prenatal and rospective Between June and October confirmed in positive clinical samples
9 France, 2006  neonatal diagnosis prosp 2003, all samples for suspicion including CSF (50%)
etal4 ; study .
of toxoplasmosis were tested PCR improved the performance of
the diagnosis of toxoplasmosis
PCR in CSF for diagnasis of PCRin %SF: sensmwtg varied
) . : . y age group:
infants ranged in congenital toxoplasmosis. By
Olariu age from 0-180 Studied infants, diagnosed Usitickue = Gl
ot 3125 USA, 2014 daus, born from retrospective clinically and sérologicallg VPP and specificity: 100%
’ ¢ ! CSF PCR can contribute to the early

noninfected, between
1993-2005

Lzl el confirmation of the diagnosis of

congenital toxoplasmosis

PCR: polymerase chain reaction; CSF: cerebrospinal fluid; USA: United States of America; VPP: positive predictive value.

yal
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Table 3. Data synthesis from the articles about congenital Zika infection included in the review.

Study Country, Year

AU Brasil 2016
etal’

Ardio gz 2018
etal.

Pomar French Guiana,
etal® 2018

Subjects

32 case patients
(neonates with
microcephaly)
and 62 controls

(neonates without
microcephaly)

173 controls, 91
cases of neonates
with microcephaly

305 newborns/
fetuses from
pregnant women
with a laboratory-
confirmed Zika virus
infection during the
epidemic period in
French Guiana.

Study type

case-control
study

case-control
study

prospective

Methods

January to May 2016
CSF samples of cases were
tested for Zika virus by RT-PCR.
Laboratory-confirmed Zika virus
infection a positive RT-PCR result
in neonates

January to November 2016
CSF samples of cases tested for
Zika virus, specific IgM and by
quantitative RT-PCR

January to July 2016
Rate of maternal-fetal
transmission of Zika virus CSF,
signs of congenital Zika syndrome,
severe complications or fetal loss.
Associations between laboratory-
confirmed infection and adverse
fetal/neonatal outcomes

Results and Conclusion

80% mothers of cases had Zika
virus infection while 64% mothers
of controls
41% cases and none of controls
had laboratory-confirmed Zika
virus infection.
Microcephaly epidemic is a result of
congenital Zika virus infection

Cases: 43% positive for Zika virus
and had cerebral abnormalities
Association between microcephaly
and congenital Zika virus infection
was confirmed

Positive Zika virus results were
obtained from (57%) CSF
Maternal-fetal transmission seems
to occur in approximately 1/4 of
exposed fetuses and is associated
with early adverse fetal/neonatal
outcomes in 1/3 of infected fetuses

CSF: cerebrospinal fluid; RT-PCR: real-time PCR; PCR: polymerase chain reaction.

Table 4. Data synthesis from the articles about congenital syphilis included in the review.

Study Country, Year Subjects Study type Methods Results and Conclusion
Maranaoni 165 newborn to 151 syphilis rospective CSF analysis PCR, careful CSF examination allowed
ot 3118 9 Italy, 2011 seropositive mothers spurvepillance 2000 through 2010  the identification and treatment of
’ with + RPR at birth prospective follow up high-risk newborns
six presumptive cases
) 133 infants Born to 119 Of doeniizl Suehils careful CSF examination allowed
Marangoni | I~ o . with IgM western blot . =
® taly, 2008 syphilis seropositive prospective L the identification and treatment of
et al. positive results were - ;
mothers high-risk newborns
analysed CSF, from
2000 through 2007
Treponema pallidum detected
in CSF in 22% who had no prior
Michelow 148 infants were included prospectively enrolled antibiotic exposure.
ot 312 USA, 2002 whose mothers had syphilis  prospective  if born between 1989  CNS infection was best predicted
' during pregnancy and 1999 by IgM of serum or PCR of serum

or blood. Only 35% of these
infants had positive CSF PCR.

RPR: rapid plasma regain; CSF: cerebrospinal fluid; PCR: polymerase chain reaction.

In several studies included in this review,>!416202° there are
reports of only nonspecific initial signs, while Mustonen et al.
showed that the incidence of CNS viral infections with neo-
natal seizures must be much higher than previously reported.
Another article mentioned seizures in more than 50% of new-
borns, motivating the collection of CSFs and the performance of
PCR to investigate the causal agent. Petel et al.,” in 2020, stud-
ied infants younger than 90 days of age, hospitalized with HSV
CNS infection at seven pediatric academic centers (a Paediatric
Investigators’ Collaborative Network on Infections in Canada
- PICNIC) and found that ages younger than 21 days and the

presence of seizures or extra-CNS involvement are clues to
HSV infection.

The sensitivity of HSV-1 and 2 in the CSF of neonates with
disease in the CNS detected by PCR, according to some authors,
is around 70%,%**% and it is consistent with the pathogenetic
model that indicates that encephalitis occurs before meningi-
tis?*?"%, According to Jeyanthi et al.,"3 the initial PCR for CSF
HSV was positive in 78% (HSV-2 is the most common). A repeat
CSF study showed HSV positivity of 100%. Diagnosis by PCR
is of great value in identifying the type of herpes virus in cases

of herpetic encephalitis.?’

Rev Paul Pediatr. 2025;43:e2023191
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Norero,? in a study performed in Panama with febrile neo-
nates suspected of sepsis, concluded that PCR in CSF can lead
to less hospital expenses (fewer days staying hospitalized) and

rational use of antibiotics.

Varicella zoster

Primary infection with VZV or human herpesvirus 3 (HHV-3)
during pregnancy brings significant complications for maternal
and fetal health. If the mother acquires varicella infection during
the early gestational period (weeks 8 to 20), the fetus is at risk
of developing congenital varicella syndrome.*'

Congenital varicella syndrome is characterized by an embry-
ofetopathy, which includes cicatricial skin lesions, limb hypoplasia,
muscle atrophy, clubfoot, intrauterine growth restriction, micro-
cephaly, cerebellar and cortical atrophy, hydrocephalus, seizures,
and intracranial and extracranial calcifications.? With neurolog-
ical involvement, the following may occur: cerebellar ataxia (usu-
ally the first sign of encephalitic involvement); acute myelitis and
optic neuritis; polyradiculoneuritis; CSF with an eventual increase
in lymphocytic cellularity; meningoencephalitis; and seizures.

Among the studies included in the review with molecular
analysis of the CSF by PCR for pathogens that cause congeni-
tal infections, there were four that investigated, beyond the pres-
ence of HSV-1 and 2, the VZV,3153:% and other agents of the
Herpesviridae family, such as CMV and the EBV. There were no
positive PCR for VZV in CSF samples of neonates in these studies.

Epstein-Barr Virus

EBV is also called human herpesvirus 4 (HHV-4). The trans-
mission can occur through saliva, but also through the transpla-
cental route (vertical transmission). During the first trimester
of pregnancy, it can infect the fetus, causing a syndrome with
several congenital anomalies (micrognathia, cryptorchidism, and
cataracts), hypotonia, thrombocytopenia, persistent monocyto-
sis, proteinuria, and metaphysitis at birth. The presence of this
agent was investigated in studies that looked for several patho-
gens of the Herpesviridae family by Molecular Biology in the
CSF of neonates.>*** None of them found EBV by PCR in
the CSF of the studied neonates.

Cytomegalovirus

CMV is the human herpesvirus 5 (HHV-5) that is usually
found in the urine and saliva of infected people, intermittently,
but can also be found in the CSF, as well as in the mucus of the
uterine cervix, semen, feces, and breast milk. Therefore, it can be

transmitted sexually, non-sexually, and vertically (from mother

6

to child). It is known as the most frequent cause of congenital
infections in the world.3>10:11:15.24.26

Perinatal infection is asymptomatic in most full-term new-
borns.® However, it may be associated with clinical conditions
of varying severity, such as the “sepsis-like” syndrome, cholesta-
sis, thrombocytopenia, neutropenia, and pneumonitis, when it
affects preterm newborns weighing less than 1.500g and/or ges-
tational age of less than 32 weeks.'""* The involvement of the
CNS must be evaluated with special attention in the presence
of sensorineural deafness and, neuropsychomotor development
delay. In this review, 7/29 (24%) studies identified this pathogen
in CSF by PCR'3,5,10,11,15,24,26

Czech-Kowalska et al.’ performed PCR in CSF and found
145 negative (6 asymptomatic and 139 symptomatic) results and
23 positive for CMV (all symptomatic), concluding that there
was a higher rate of CNS damage associated with positive PCR.

Syphilis
Syphilis is a systemic infection caused by the spirochete Treponema
pallidum, which is of particular concern during pregnancy due to
the risk of transplacental infection. Congenital infection is asso-
ciated with several adverse outcomes. When Treponema pallidum
invades the CNS, it can cause varied clinical conditions, from
alterations in CSF in asymptomatic patients, to more serious
conditions such as progressive general paralysis.'®"
Molecular tests show better results than serological tests,
with a sensitivity of 91% for diagnosing syphilis. However, due
to their high cost and complexity of performing, they are not
widely distributed to routine laboratories. In contrast, serological,
treponemal, and non-treponemal tests are used in clinical prac-
tice for the increasing prevalence of this pathology in pregnant
women, with PCR being limited to research centers.? This review
included three articles with CSF analysis identifying Treponema
by molecular tests.'®'*?! In two of these studies,'®! presumptive
cases of congenital syphilis with positive Western Blot IgM results
were found. Of these, only some had CSF with positive PCR for
Treponema. These observations confirmed that prenatal syphilis
screening facilitates treatment during pregnancy and reduces the
risk of mother-to-child transmission. In addition, the use of IgM
Western Blot and careful examination of CSF allowed the iden-
tification and treatment of high-risk newborns. In these studies,
PCR was less sensitive because it detected fewer cases than sero-
logic tests.’%?! In another study, only 35% of these children had
positive CSF syphilis identified by PCR.? On the other hand,
13 of 14 children with positive PCR for syphilis in CSF (93%)

had positive serum IgM immunoblotting results.
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Treponema pallidum infection of the CNS can be identified
in most children by physical examination, standard laboratory

tests, and radiographic studies.

‘Toxoplasmosis

Toxoplasmosis is a disease caused by the protozoan Toxoplasma
gondii that has a wide geographic distribution and high sero-
logical prevalence, up to 60% of the population in certain coun-
tries.? Congenital toxoplasmosis may occur when the mother
acquires an acute infection during pregnancy and consequences
for the fetus will depend on factors such as degree of exposure
of the fetus and period of gestation.* In this review, three stud-
ies analyzing this agent were identified.>**

In one study, the PCR performed was positive in CSF,
with sensitivity in the neonates’ group of 60%. In newborns of
mothers who were not treated for toxoplasmosis during preg-
nancy, CSF PCR can contribute to the early confirmation of
the diagnosis of congenital toxoplasmosis, especially in those

with clinical signs.”

Parvovirus B-19

Transmission of parvovirus B-19 occurs through secretions
from the respiratory system or vertical transmission in 30% of
cases of maternal infection. The risk of transplacental trans-
mission is highest in the first and second trimesters of preg-
nancy. Laboratory tests, such as immunoglobulins IgG, are
necessary, especially when the mother presents with skin rash.
However, there are cases of asymptomatic infections that do
not exclude transmission to the fetus. In this review, an article
was found analyzing the CSF of 29 neonates by PCR for this
pathogen but there were no positive samples.?® Detection rate

was low, probably because it was an unselected cohort.

Zika virus
ZIKV is an arbovirus that belongs to the Flaviviridae family.
In 2015, the circulation of the ZIKV was confirmed in Brazil,
as well as the acute exanthematous disease caused by this eti-
ological agent, and microcephaly in newborns who acquired
this infection through vertical route.”® Other signs of this con-
genital infection (calcifications, ventriculomegaly, and cortical
development disorder) made up the congenital Zika syndrome,?
whose epidemic was established in 2015, and 2,205 cases were
confirmed by the end of 2016.7*
In this review, three articles
identification of the ZIKV as a pathogenic agent of the CNS
in CSF identified by PCR.

7828 were included with the

7

Two of these studies were case-controls. The cases included
newborns with microcephaly and controls were neonates without
microcephaly. Mothers of newborns with microcephaly (cases)
had more serological markers of previous ZIKV infection com-
pared to mothers of controls (without microcephaly), although
mothers in both groups were PCR negative.! Among newborns,
33 of 91 cases (35%) and 173 control infants had no labora-
tory-confirmed ZIKV infection. Among the 23 neonates that
tested positive for ZIKV, there were 10 that had brain abnor-
malities (43%) and 13 that had no brain abnormalities, while 11
of 56 (20%), that were laboratory-confirmed negative for ZIKV,
had brain abnormalities. The association between microcephaly
and congenital ZIKV infection has been confirmed.®

In another study, maternal-fetal transmission appears to
occur in approximately 1/4 of exposed fetuses and is associated
with adverse fetal and early neonatal outcomes in 1/3 of infected

fetuses: fetal loss or severe signs of congenital Zika syndrome.?

SARS-CoV-2

In this review, one study presented patients who met the crite-
ria of the Centers for Disease Control and Prevention (CDC)
for confirmed COVID-19 infection and underwent lumbar
puncture in the same admission.”> Among patients diagnosed
with SARS-CoV-2, there were newborns with CSF results
that changed treatment decisions, either by adjusting antibiot-
ics, influencing therapeutic decision, or providing an alterna-
tive diagnosis. The real-time PCR (RT-PCR) in the CSF for
SARS-CoV-2 was performed in 30% of patients, with nega-
tive results in all samples. More studies are needed to define
whether CSF SARS-CoV-2 PCR is recommended in certain
clinical settings.?

In the general context of congenital infections, there is a
lack of information regarding PCR in CSF samples in the lit-
erature. This finding can be explained by one of two reasons:
either it is a neglected subject that deserves more investiga-
tion, or it reflects that, in general, neonatologists do not sus-
pect of CNS involvement in neonates presenting with con-
genital infections.

However, it is well known that the detection of pathogens
in CFS is limited in daily care. The detection rate of pathogens
in the CSF is low, even using molecular methods in infected
infants with confirmed involvement of the CNS by neuroim-
aging. In consequence, a negative result in CFS by PCR does
not rule out CNS damage in congenital infections. Despite this
fact, PCR is relevant to identifying the pathogens in congenital

neuroinfections, being herpes simplex the most studied agent.

Rev Paul Pediatr. 2025;43:2023191



RPPed

Congenital neuroinfections by TORCH and SARS-CoV-2

REFERENCES

10.

1L

12.

13.

14

Anderson NE, Powell KF, Croxson MC. A polymerase chain reaction
assay of cerebrospinal fluid in patients with suspected herpes simplex
encephalitis. J Neurol Neurosurg Psychiatry. 1993;56:520-5. https:/
doi.org/10.1136/jnnp.56.5.520

Belaz S, GangneuxJP, Dupretz P, Guiguen C, Robert-Gangneuxa FA.
10-year retrospective comparison of two target sequences, REP-529
and BJ, for Toxoplasma gondii detection by quantitative PCR. J Clin
Microbiol. 2015;53:1294-300. https:/doi.org/101128/JCM.02900-14

Bhaskaran A, Racsa L, Gander R, Southern P, Cavuoti D, Alatoom
A. Interpretation of positive molecular tests of common viruses in
the cerebrospinal fluid. Diagn Micrabiol Infect Dis. 2013;77:236-40.
https:/doi.org/10.1016/j.diagmicrobio.2013.07017

Cassaing S, Bessieres MH, Berry A, Berrebi A, Fabre R, Magnaval JE
Comparison between two amplification sets for molecular diagnosis
of toxoplasmosis by real-time PCR. J Clin Micrabiol. 2006;44:720-4.
https:/doi.org/10.1128/JCM44.3720-724.2006

(zech-Kowalska J, Jedlinska-Pijanowska D, Kasztelewicz B, Ktodzirska
M, Pietrzyk A, Sarkaria E, et al. The limitations of cutomegalovirus DNA
detection in cerebrospinal fluid of newborn infants with congenital CMV
infection: a tertiary care neonatal center experience. Pediatr Infect Dis J.
2021;40:838-45. https:/doi.org/101097/INFO000000000003205

Davis KL, Shah SS, Frank G, Eppes SC. Why are young infants tested
forherpes simplex virus? Pediatr Emerg Care. 2008;24:673-8. https:/
doi.org/10.1097/PECOb013e318188773a

Aratjo TV, Rodrigues LC, Ximenes RA, Miranda-Filho DB, Montarroyos
UR, Melo AP, et al. Association between Zika virus infection and
microcephaly in Brazil, January to May, 2016: preliminary report of
a case-control study. Lancet Infect Dis. 2016;16:1356-63. https:/doi.
0rg/101016/S1473-3099(16)30318-8

Arauljo TV, Ximenes RA, Miranda-Filho DB, Souza WV, Montarroyos
UR, Melo AP, et al. Association between microcephaly, Zika virus
infection, and other risk factors in Brazil: Final report of a case-control
study. Lancet Infect Dis. 2018;18:328-36. https:/doi.org/101016/
S1473-3099(17)30727-2

Diamond C, Mohan K, Hobson A, Frenkel L, Corey L. Viremia in neonatal
herpes simplex virus infections. Pediatr Infect Dis J. 1999;18:487-9.
https:/doi.org/10.1097/00006454-199906000-00002

Goycochea-Valdivia WA, Baquero-Artigao F, Del Rosal T, Frick MA, Rojo
P, Echeverria MJ, et al. Cyutomegalovirus DNA detection by polymerase
chain reaction in cerebrospinal fluid of infants with congenital infection:
associations with clinical evaluation at birth and implications for follow-up.
Clin Infect Dis. 2017;64:1335-42. https:/doi.org/101093/cid/cix105

Halwachs-Baumann G, Genser B, Pailer S, Engele H, Rosegger H,
SchalkA, et al. Human cytomegalovirus load in various body fluids of
congenitally infected newborns. J Clin Virol. 2002;25:S81-7 https:/
doi.org/101016/51386-6532(02)00188-9

Hanson KE, Alexander BD, Woods C, Petti C, Reller LB. Validation
of laboratory screening criteria for herpes simplex virus testing of
cerebrospinal fluid. J Clin Microbiol. 2007;45:721-4. https:/doi.
0rg/101128/ICM.01950-06

JeyanthiJC, Ong |, GuanYJ, Subramania KS, Cheng TK. Epidemiology
and outcome in neonatal and pediatric herpes simplex encephalitis: a
13-year experience in a Singapore tertiary children’s hospital. J Pediatr
Infect Dis. 2015;10:16-21. https:/doi.org/10.1055/5-0035-1554972

Kawada JI, Kimura H, Ito Y, Hoshino Y, Tanaka-Kitajima N, Ando VY,
et al. Comparison of real-time and nested PCR assays for detection
of herpes simplex virus DNA. Microbiol Immunol. 2004,48:411-5.
https:/doi.org/10.1111/j.1348-0421.2004.tb03530.x

8

15.

16.

17

18.

19

20.

2L

22.

23.

2L

25.

26.

27

28.

29.

Kleines M, Scheithauer S, Schiefer J, Hausler M. Clinical application
of viral cerebrospinal fluid PCR testing for diagnosis of central
nervous system disorders: a retrospective 11-year experience. Diagn
Microbiol Infect Dis. 2014,;80:207-15. https:/doi.org/10.1016/j.
diagmicrobio.2014.07010

Kurtz J, Anslow P Infantile herpes simplex encephalitis: diagnostic
features and differentiation from non-accidental injury. J Infect.
2003;46:12-6. https:/doi.org/101053/jinf2002.1079

Malm G, Forsgren M. Neonatal herpes simplex virus infections: HSV
DNAin cerebrospinal fluid and serum. Arch Dis Child Fetal Neonatal
Ed. 1999;81:F24-9 https:/doi.org/101136/fn.811f24

Marangoni A, Moroni A, Tridapalli E, Capretti MG, D’Antuono A,
Biagi M, et al. Congenital syphilis surveillance. Microbiologia Medica.
2011;26:108-11. https:/doi.org/104081/mm.2011.2368

Marangoni A, Moroni A, Tridapalli E, Capretti MG, Farneti G, Faldella G,
et al. Antenatal syphilis serology in pregnant women and follow-up of
theirinfants in northern Italy. Clin Microbiol Infect. 2008;14:1065-8.
https:/doi.org/10.1111/}.1469-0691.2008.02066.x

Melvin AJ, Mohan KM, Schiffer JT, Drolette LM, Magaret A, Corey
L, et al. Plasma and cerebrospinal fluid herpes simplex virus levels at
diagnosis and outcome of neonatal infection. J Pediatr. 2015;166:827-
33, https:/doi.org/10.1016/ jpeds.2014.11.011

Michelow IC, Wendel Jr GD, Norgard MV, Zeray F, Leos NK, Alsaadi
R, et al. Central nervous system infection in congenital syphilis. N Engl
J Med. 2002;346:1792-8. https:/doi.org/10.1056/NEJMoa012684

Miller EH, Namale VS, Kim C, Dugue R, Waldrop G, Ciryam P, et al.
Cerebrospinal analysis in patients with COVID-19 Open Forum Infect
Dis. 2020;7:0faa50L. https:/doi.org/10.1093/0fid/ofaa501

Mustonen K, Mustakangas P, Uotila L, Muir P, Kaskiniemi M. Viral
infections in neonates with seizures. J Perinat Med. 2003;31:75-80.
https:/doi.org/10.1515/JPM.2003.011

Norero X. Infecciones virales en neonatos febriles con sepsis clinica.
Hospital del Nifio. Panama Diciembre 2013-2014. Pedatric Panama.
2015;44:12-22.

Olariu TR, Remington JS, Maontoya JG. Polymerase chain reaction
in cerebrospinal fluid for the diagnosis of congenital toxoplasmosis.
Pediatr Infect Dis J. 2014,;33:566-70. https:/doi.org/10.1097/
INFOOO0000000000256

Parisi SG, Basso M, Del Vecchio C, Andreis S, Franchin E, Dal Bello
F, et al. Virological testing of cerebrospinal fluid in children aged less
than 14 years with a suspected central nervous system infection: A
retrospective study on 304 consecutive children from January 2012
to May 2015. Eur J Paediatr Neurol. 2016;20:588-96. https:/doi.
0rg/10.1016/j.ejpn.2016.04.002

Petel D, Barton M, Renaud C, Ouchenir L, Brophy J, Bowes J, et al.
Enteroviral and herpes simplex virus central nervous system infections
in infants <90 days old: a Paediatric Investigators’ Collaborative
Network on Infections in Canada (PICNIC) study. BMC Pediatrics.
2020;20:252. https:/doi.org/101186/512887-020-02151-4

Pomar L, Vouga M, Lambert V, Pomar C, Hcini N, Jolivet A, et al.
Maternal-fetal transmission and adverse perinatal outcomes in
pregnant women infected with Zika virus: Prospective cohort study
in French Guiana. BMJ. 2018;363:k4431. https:/doi.org/10.1136/
bmij k4431

Schleede L, Bueter W, Baumgartner-Sigl S, Opladen T, Weigt-Usinger
K, Stephan S, et al. Pediatric herpes simplex virus encephalitis: a
retrospective multicenter experience. J Child Neurol. 2013,28:321-31.
https:/doi.org/10.1177/0883073812471428

Rev Paul Pediatr. 2025;43:€2023191


https://doi.org/10.1136/jnnp.56.5.520
https://doi.org/10.1136/jnnp.56.5.520
https://doi.org/10.1128/JCM.02900-14
https://doi.org/10.1016/j.diagmicrobio.2013.07.017
https://doi.org/10.1128/JCM.44.3.720-724.2006
https://doi.org/10.1097/INF.0000000000003205
https://doi.org/10.1097/PEC.0b013e318188773a
https://doi.org/10.1097/PEC.0b013e318188773a
https://doi.org/10.1016/S1473-3099(16)30318-8
https://doi.org/10.1016/S1473-3099(16)30318-8
https://doi.org/10.1016/S1473-3099(17)30727-2
https://doi.org/10.1016/S1473-3099(17)30727-2
https://doi.org/10.1097/00006454-199906000-00002
https://doi.org/10.1093/cid/cix105
https://doi.org/10.1016/s1386-6532(02)00188-9
https://doi.org/10.1016/s1386-6532(02)00188-9
https://doi.org/10.1128/JCM.01950-06
https://doi.org/10.1128/JCM.01950-06
https://doi.org/10.1055/s-0035-1554972
https://doi.org/10.1111/j.1348-0421.2004.tb03530.x
https://doi.org/10.1016/j.diagmicrobio.2014.07.010
https://doi.org/10.1016/j.diagmicrobio.2014.07.010
https://doi.org/10.1053/jinf.2002.1079
https://doi.org/10.1136/fn.81.1.f24
https://doi.org/10.4081/mm.2011.2368
https://doi.org/10.1111/j.1469-0691.2008.02066.x
https://doi.org/10.1016/j.jpeds.2014.11.011
https://doi.org/10.1056/NEJMoa012684
https://doi.org/10.1093/ofid/ofaa501
https://doi.org/10.1515/JPM.2003.011
https://doi.org/10.1097/INF.0000000000000256
https://doi.org/10.1097/INF.0000000000000256
https://doi.org/10.1016/j.ejpn.2016.04.002
https://doi.org/10.1016/j.ejpn.2016.04.002
https://doi.org/10.1186/s12887-020-02151-4
https://doi.org/10.1136/bmj.k4431
https://doi.org/10.1136/bmj.k4431
https://doi.org/10.1177/0883073812471428

