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Abstract

Background: Pseudo-TORCH syndrome (PTS) is a group of autosomal recessive
disorders that clinically and radiologically mimic TORCH congenital infections. The
prevalence of pseudo-TORCH syndrome 2 is 1 in 1,000,000 cases worldwide. This
novel disorder is extremely rare, and is generally detected by prenatal diagnosis
through next generation sequencing (NGS) during pregnancy. In this study, a famili-
al case of pseudo-TORCH syndrome 2 with novel non-sense mutation in the ubiqui-
tin-specific peptidase 18 (USP 18) gene in the parents was reported, who are hetero-
zygous asymptomatic carriers; however, all children have inherited a homozygous
pathogenic form of USP18, which is an important negative regulator of type I inter-
feron (IFN) signal transduction. To the best of our knowledge, this is the first case of
a novel mutation of USP18 seen in a family with pseudo-TORCH syndrome 2 (PTS
2) from India.

Case Presentation: A 23-year-old pregnant woman with bad obstetric history, in-
cluding intrauterine and neonatal mortality was referred to the Institute of Genetics
in the year 2021 for clinical and genetic evaluation. Advanced clinical exome se-
guencing of the parents and the fetus revealed heterozygous carrier status in parents
and homozygous mutation in USP 18 gene in the progeny leading to pseudo-
TORCH-2 syndrome.

Conclusion: The present case highlights the significance of carrier screening, prena-
tal diagnosis, and genetic counseling in couples with bad obstetric history for the de-
tection of rare genetic disorders with poor prognosis.

Keywords: Next generation sequencing, Prenatal diagnosis, Pseudo-TORCH syndrome 2,
Type | interferon signal transduction, Ubiquitin-specific peptidase 18.
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Introduction

of autosomal recessive disorders that clini-

cally and radiologically mimic TORCH con-
genital infections which were first described by
Baraitser et al. (1). The incidence of all pseudo-
TORCH disorders is less than one in a million
globally (2), and till date no cases have been re-
ported from India. The pseudo-TORCH syndrome
is a multisystemic disorder characterized by find-
ings of the central nervous system that mimic

Pseudo-TORCH syndromes (PTS) are a group

those of congenital intrauterine infections alt-
hough serological tests are negative (3) for classic
TORCH infections (toxoplasmosis, rubella, cyto-
megalovirus, herpes and syphilis) as well as brain
malformations, intrauterine growth retardation, re-
spiratory failure, seizures, and septic shock in ne-
onates. A repeated negative TORCH profile in
cases of intrauterine and neonatal mortality is in-
dicative for the diagnosis of this syndrome, and
the importance of intracranial calcification and
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neonatal seizures is emphasized as a diagnostic
assistance. Mutations in the USP18 gene lead to
inappropriate activation of the interferon (IFN)
immunological pathway and cause TORCH syn-
drome. Type | interferonopathies are monogenic
autoinflammatory disorders described by an in-
creased production or response to type | interfer-
ons. USP18 inhibits type I interferon signaling by
preventing Janus-associated kinase 1 (JAK1) from
binding to the type I interferon receptor. The defi-
ciency of USP18 causes unregulated interferon-
mediated inflammation, which is fatal during the
perinatal period (4).

Case Presentation

A third-degree consanguineous couple with 4
years of married life and a chief complaint of bad
obstetric history including intrauterine and neona-
tal deaths were referred to the Institute of Genet-
ics and Hospital for Genetic Diseases, India for
clinical and genetic evaluation. The couple's phys-
ical and clinical examination were normal, and the
obstetric history included intrauterine and neona-
tal deaths with no family history of any genetic
abnormalities (Figure 1). The study was approved
by institutional ethics committee and the informed
consent was obtained from the couple before in-
cluding in the study. The woman's reproductive
history shows the first pregnancy (2018) was un-
complicated until 26 weeks of gestation followed
by preterm premature rupture of membranes
(PPROM), resulting in preterm birth and the death
of the female child (IV-1) 5 days after birth.

The second pregnancy (2019) was uneventful
until the woman suffered a PPROM at 30 weeks
of gestation, resulting in a premature delivery.
This neonate had seizures, a dilated third ventri-
cle, corpus callosum with wavy appearance, and
echogenic brain parenchyma. Periventricular leu-
komalacia was revealed on postnatal MRI and
small intestinal obstruction along with unconju-
gated hyperbilirubinemia, no dysmorphic features,
and negative TORCH profile were the other find-
ings. It was suggested that the child (1\V-2) died of
sepsis 7 days after delivery.

The third pregnancy (2020) was an intrauterine
death (IUD, IV-3) at 5 month of gestation. The
fourth pregnancy (2021) continued smoothly with
normal results of targeted imaging for fetal anom-
alies (TIFFA) and nuchal translucency (NT) scan.
After 17 weeks, an amniocentesis was performed
for prenatal diagnosis. The fetus (IV-4) died in
utero at 26 weeks of gestation and was aborted.
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Figure 1. Four generation pedigree of a family with pseudo-

TORCH syndrome

Results

The IV-1 female infant sample was unavailable
for testing since the neonate died five days after
birth. The clinical exome sequencing of the sec-
ond child (IV-2) revealed a novel homozygous
nonsense mutation in exon 9 of the USP18 gene,
which resulted in a stop codon and premature
truncation of protein (Ubiquitin, p:Tyr302Ter)
(Figure 2). Interpretation of pathogenic variant
was reported based on the recommendations of
American College of Medical Genetics (5). Carri-
er status of the parents was then assessed, and it
was determined that the parents were asympto-
matic heterozygous carriers of the same pathogen-
ic variant of the USP18 gene. The prenatal diag-
nosis by next generation sequencing (NGS) of
USP18 mutations for 1V-4 indicated that the fetus
had inherited USP18 in homozygous form, indi-
cating that the fetus was affected by this autoso-
mal recessive disorder.

Discussion
Pseudo-TORCH syndrome 2 is a severe neuro-
logical disorder with an early onset (perinatal)
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Figure 2. Parents (F and M) whole exome sequencing (WES)
indicating heterozygous USP18(+) Exon 9 ¢.906 T>G (p.Tyr
302 Ter) and fetal WES indicating homozygous USP18(+)
Exon 9 ¢.906 T>G (p.Tyr302 Ter)

136 S 5 Reprod Infertil, Vol 23, No 2, Apr-Jun 2022

Arul-mamay/:dny wody papeojumod



marked by cerebral calcification, white matter
abnormalities, and microcephaly, which mimics
congenital viral infections (3). The high rate of
consanguinity in PTS families implies that many
instances are hereditary, with an autosomal reces-
sive pattern of inheritance. The spectrum of clini-
cal findings includes microcephaly, seizures, brain
atrophy, intracranial calcifications (6), hepatosple-
nomegaly, thrombocytopenia (7), and develop-
mental delay. Pseudo-TORCH syndrome exhibits
genetic heterogeneity with three different forms
based on pathogenic variation (8, 9). Pseudo-
TORCH syndromes have an extremely rare inci-
dence and prognosis with neonatal mortality oc-
curring during the first year of life, as well as sig-
nificant developmental delay and other clinical
symptoms.

Pseudo-TORCH syndrome 2 is genetically het-
erogeneous with a nonsense mutation in the USP-
18 gene acting as one of the pathogenic forms
which maps to chromosome 22g11.2 in human.
Ubiquitin-specific peptidase 18 (USP18) is known
as ISG15 isopeptidase and is a negative regulator
of type I and type Il interferon signal transmis-
sion. The expression of USP18 is evident at vari-
ous levels in different tissues, with a high expres-
sion of USP18 detected in the liver, spleen, and
thymus (10). However, there was a low but clear-
ly identifiable amount of USP18 expression in
bone marrow, adipose tissue, and lung tissue (11).
A severe type | interferonopathy is ubiquitin-
specific peptidase 18 (USP18) deficiency which
inhibits. USP18 inhibits type | interferon signaling
by preventing Janus-associated kinase 1 (JAK1)
pathway from binding to type | interferon recep-
tor. The lack of USP18 causes unrestricted inter-
feron-mediated inflammation, which is fatal dur-
ing the perinatal period.

A study conducted by Malakhova et al. (2003) in
knockout mice reveals that USP18 deficiency
causes severe type | interferonopathy, resulting in
neonatal mortality (12), neurological symptoms
and brain inflammation, suggesting that a defi-
ciency of USP18 has an effect on the central ner-
vous system that varies in intensity depending on
the genetic background (13).

In 2016, a case study was conducted by Meuwis-
sen et al. in two distinct families; in the Turkish
consanguineous family, three children were af-
fected by PTS with severe brain damage and neo-
natal presentation leading to death of neonates
within two weeks and in a German non consan-
guineous couple, two children had PTS-like phe-
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notype with perinatal onset and died within the
first week after birth. Molecular diagnosis reveal-
ed loss of function in the USP 18 gene homozy-
gous and heterozygous variant (c.652C>T) in both
families (14).

The most recent case was reported by Alsohime
et al. (2020) about a Saudi infant with pseudo-
TORCH syndrome 2 born to first-cousin parents
after in vitro fertilization with neonatal respiratory
distress, disseminated intravascular coagulopathy,
without organomegaly, and grade Il intraventricu-
lar hemorrhage. At the age of seven months, a
molecular diagnostic test showed a homozygous
splice site variant in the USP18 gene at exon 10
(c.1073+1G—A). This infant was started on rux-
olitinib, a JAK1/2 inhibitor, and remained on that
dose until he was three years old, with full remis-
sion of clinical signs. The kid with USP18 defi-
ciency was the only patient who lived for at least
7 months on supportive therapy. The boy was
three years old at the time when the article was
published and was still receiving oral ruxolitinib.
He continues to grow properly, but at a slower
rate in terms of developmental milestones (4).

In the present study, two of the pregnancies end-
ed in intrauterine death (IV-3,4) and two neonatal
deaths (IV-1,2), with no medical information of
IV-1. Seizures, a dilated third ventricle, corpus
callosum with wavy appearance, echogenic brain
parenchyma, periventricular leukomalacia, and
small intestinal obstruction along with unconju-
gated hyperbilirubinemia were all observed in the
preterm female newborn (I\V-2) as described in
the previous case in 2016 and 2020. A pathogenic
variation observed in the homozygous and hetero-
zygous form of USP18 (+) Exon 9 ¢.906 T>G in
the present study was not reported so far to the
best of our knowledge. The USP 18 genotype is
likely to be responsible for the phenotypic distress
causing intrauterine death and neonatal death in
the present study. Parents (111-4,5) were heterozy-
gous carriers for the same mutation and are heal-
thy; thus, there was no medical indication to per-
form diagnostic testing to assess them.

Based on the available information, the couple
was provided genetic counselling, and the recur-
rence risk was estimated and the options for the
couple for further procedures were explained. As
the couple were heterozygous carriers for the USP
18 gene mutation, they were counseled regarding
the 25% of risk in each pregnancy for pseudo-
TORCH syndrome 2. Extensive counselling was
provided on the available management option for
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this syndrome on a global scale, namely ruxoli-
tinib therapy, which has been shown to improve
clinical manifestations in afflicted children.

Conclusion

In conclusion, the present study reports the novel
pathogenic mutation in USP18 gene in a pseudo
TORCH syndrome 2. Thus, the improved genetic
testing , pedigree analysis and genetic counselling
are recommended for the diagnosis and manage-
ment of rare genetic disorders in future pregnan-
cies.

Acknowledgement
Authors would like to thank Department of Bio-
technology, Government of India, New Delhi for
providing financial support (No. BT/HRD/01/02/
2017).

Conflict of Interest
Authors declare no conflict of interest.

References
1. Baraitser M, Brett EM, Piesowicz AT. Microceph-
aly and intracranial calcification in two brothers. J
Med Genet. 1983;120(3):210-2.

2. Sakthi Seethalakshmi P, Kumaravel KS, Sampath-
kumar P, Babu T, Rani SR. Intracranial Calcifi-
cations With Dandy Walker Malformation. Pediatr
Oncall J. 2019;16(2):58-9.

3. Reardon W, Hockey A, Silberstein P, Kendall B,
Farag TI, Swash M, et al. Autosomal recessive con-
genital intrauterine infection-like syndrome of mic-
rocephaly, intracranial calcification, and CNS dis-
ease. Am J Med Genet. 1994;52(1):58-65.

4. Alsohime F, Martin-Fernandez M, Temsah MH, Al-
abdulhafid M, Le Voyer T, Alghamdi M, et.al. JAK
Inhibitor therapy in a child with inherited USP18
deficiency. N Engl J Med. 2020;382(3):256-65.

5. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-
Foster J, et al. Standards and guidelines for the in-
terpretation of sequence variants: a joint consensus
recommendation of the American college of medical
genetics and genomics and the association for mole-

cular pathology. Genet Med. 2015;17(5):405-24.

6. Abdel-Salam GM, Zaki MS. Band-like intracranial
calcification (BIC), microcephaly and malformation
of brain development: a distinctive form of con-
genital infection like syndromes. Am J Med Genet
A. 2009;149A(7):1565-8.

7. Knoblauch H, Tennstedt C, Brueck W, Hammer H,
Vulliamy T, Dokal I, et al. Two brothers with find-
ings resembling congenital intrauterine infection-
like syndrome (pseudo-TORCH syndrome). Am J
Med Genet. 2003;120A(2):261-5.

8. O'Driscoll MC, Daly SB, Urquhart JE, Black GC,
Pilz DT, Brockmann K, et al. Recessive mutations
in the gene encoding the tight junction protein oc-
cludin cause band-like calcification with simplified
gyration and polymicrogyria. Am J Hum Genet.
2010;87(3):354-64.

9. Duncan CJ, Thompson BJ, Chen R, Rice Gl, Gothe
F, Young DF, et.al. Severe type | interferonopathy
and unrestrained interferon signaling due to a homo-
zygous germline mutation in STAT2. Sci Immunol.
2019;4(42):eaav7501.

10. Malakhov MP, Malakhova OA, Kim KI, Ritchie
KJ, Zhang DE. UBP43 (USP18) specifically re-
moves ISG15 from conjugated proteins. J Biol
Chem. 2002;277(12):9976-81.

11. Yang L, Jing Y, Kang D, Jiang P, Li N, Zhou X, et
al. Ubiquitin-specific peptidase 18 regulates the
differentiation and function of Treg cells. Genes
Dis. 2020;8(3):344-52.

12. Malakhova OA, Yan M, Malakhov MP, Yuan Y,
Ritchie KJ, Kim KI, et.al. Protein ISGylation mo-
dulates the JAK-STAT signaling pathway. Genes
Dev. 2003;17(4):455-60.

13. Ritchie KJ, Malakhov MP, Hetherington CJ, Zhou
L, Little MT, Malakhova OA, et al. Dysregulation
of protein modification by ISG15 results in brain
cell injury. Genes Dev. 2002;16(17):2207-12.

14. Meuwissen ME, Schot R, Buta S, Oudesluijs G,
Tinschert S, Speer SD, et al. Human USP18 defi-
ciency underlies type 1 interferonopathy leading to
severe pseudo-TORCH syndrome. J Exp Med.
2016;213(7):1163-74.

138 S 5 Reprod Infertil, Vol 23, No 2, Apr-Jun 2022

Arul-mamay/:dny wody papeojumod



