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Abstract
BACKGROUND
Lymphocytic choriomeningitis virus (LCMV) is a neglected rodent-borne arenavirus associated with transplacental transmission and fetal infection. 

AIM
To summarize the epidemiological, clinical, and diagnostic features of reported patients with congenital LCMV infection.

METHODS
A literature search was conducted in PubMed, Medline, Google Scholar, and ResearchGate. The keywords used were ‘congenital lymphocytic choriomeningitis virus,’ and 48 studies were included. In addition, we conducted a relevant search by Reference Citation Analysis (RCA) (https://www.referencecitationanalysis.com).

RESULTS
The results have shown 27 reports of congenital LCMV infection in 86 patients, with 52.73% of them being males. Patients presented with chorioretinitis (83.53%), hydrocephalus (54.12%), and psychomotor retardation or developmental delay (54.12%). Computed tomography and/or magnetic resonance imaging most often demonstrated ventriculomegaly (74.07%), periventricular calcifications (66.67%), and microcephaly (40%). Most mothers of congenitally infected infants were exposed to rodents during pregnancy, predominantly mice, with flu-like symptoms mainly occurring during the first two trimesters of gestation. Mortality in congenitally infected children was 16.47%. The diagnosis of congenital LCMV infection was confirmed serologically in most patients (86.67%).

CONCLUSION
LCMV is still an insufficiently recognized fetal teratogen that often leads to long-term neurologic sequelae. Clinicians need to be familiar with LCMV and its potential teratogenic effect and as well as to effectively differentiate LCMV from other TORCH (T: Toxoplasma gondii, O: Other pathogens, R: Rubella virus, C: Cytomegalovirus, H: Herpes simplex virus) pathogens.
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Core Tip: Lymphocytic choriomeningitis virus (LCMV) is an under-recognized rodent-borne arenavirus associated with transplacental transmission and fetal infection. Patients often present with chorioretinitis, hydrocephalus, and neurologic sequelae. Maternal exposure to rodents during gestation is a risk factor for developing viral infection. The golden standard for diagnosis is the detection of LCMV antibodies in fetal and maternal serum samples. This mini-review systematically summarizes the epidemiological, clinical, and diagnostic features of 86 reported patients with confirmed congenital LCMV infection.


INTRODUCTION
Lymphocytic choriomeningitis virus (LCMV) is a neglected rodent-borne arenavirus associated with acquired or congenital human infections. Armstrong and Lillie first described it in 1933 as a cause of aseptic meningitis[1]. In the following years, the house mouse (Mus musculus, M. domesticus) was found to be a natural reservoir host of the virus[2]. Nevertheless, other rodents such as bank vole, yellow-necked mice, pet hamsters, rats, and guinea pigs could also be the origin of infection in humans[3-6]. Most infections occur during autumn and winter, reflecting mice migration and invasion into human habitats during cold periods[7]. LCMV can be transmitted by inhalation or ingestion of infected rodent excreta in direct contact with rodents and their bites[5]. Person-to-person transmission has not been detected; however, there are reports of viral transmission among solid organ transplant recipients and transplacentally infected fetuses[8,9]. Congenital LCMV infection with a fatal outcome 12 d after birth was first reported in England in 1955[10]. Numerous patients diagnosed with congenital LCMV infection have been documented across Europe two decades later. They predominantly presented with hydrocephalus, chorioretinal degeneration, and long-term neurologic abnormalities[11-13]. In the early 1990s, the first case of congenital LCMV infection was reported in the United States[14]. Since then, sporadic cases have been documented every few years. Due to a lack of commercially available tests, the true prevalence of congenital LCMV infection is undetermined. This mini-review analyzed reported cases and systematically summarized the epidemiological, clinical, and diagnostic features of patients with confirmed congenital LCMV infection.

MATERIALS AND METHODS
A literature search was conducted in PubMed, Medline, Google Scholar, and ResearchGate with no restrictions placed on the year of publication and study language. The used keywords included: ‘congenital lymphocytic choriomeningitis virus.’ A total of 252 articles were initially found. Studies involving animal models and duplicate papers were excluded. After the list of abstracts was assembled, studies appearing to meet inclusion criteria were reviewed in full. Additional studies were identified by reviewing reference lists of retrieved articles. Finally, 48 studies (original research articles, review articles, and case reports) were included (Figure 1). In addition, we conducted a relevant search by Reference Citation Analysis (RCA) (https://www.referencecitationanalysis.com).

RESULTS
Until January 30, 2022, there have been 27 reports of congenital LCMV infection in 86 patients, mainly in the United States (Table 1 and Figure 2). In 70% of cases, pregnancies were full term (≥ 37 wk). The median birth weight of infected infants was 3080 g (interquartile range [IQR] 2550-3600 g), and 52.73% of them were males. Patients presented with chorioretinitis (83.53%), hydrocephalus (54.12%), psychomotor retardation or developmental delay (54.12%), microcephaly (38.82%), spastic quadriplegia (36.47%), epilepsy or epilepsy-like symptoms (35.29%), and optic nerve atrophy (21.18%). Visual and hearing impairment was documented in 18 patients. The median time to diagnosis was 2 mo after birth (IQR 8-270 d). Computed tomography (CT) and magnetic resonance imaging (MRI) scans most often displayed ventriculomegaly (74.07%), periventricular calcifications (66.67%), microcephaly (40%), gyral malformations (36.67%), and cerebral atrophy (22.22%). Serology was the mainstay for diagnosing congenital LCMV infection in 73 patients, whereas reverse transcription-polymerase chain reaction (RT-PCR) was used in only 2 patients. The indirect immunofluorescence assay (IFA) and enzyme-linked immunoassay (ELISA) were used almost equally (44% and 42.67%, respectively). Mortality in congenitally infected children was 16.47%, with four terminated pregnancies and one intrauterine death. The median age of infants at the time of decease was 19 d (IQR 8-90 d). Epidemiological and clinical features of maternal LCMV infections are presented in Table 2. A total of 43 mothers were serologically tested, and IFA was predominantly used compared to ELISA (69.77%, 23.26%, respectively). Serology tests were not performed in two mothers, and one mother was negative for LCMV infection, whereas serology data were not available in 38 cases.

DISCUSSION
Seroprevalence studies conducted in the general population have shown that up to 15% of individuals are LCMV seropositive. In rodents, LCMV antibodies have been detected in 2.90% to 66% of mice and 0.40% to 25% of rats[9]. However, the true prevalence of congenital LCMV infection is still unknown. Congenital LCMV infection is associated with transplacental transmission of the virus to the fetal central nervous system during maternal viremia[15]. Sheinbergas et al[12] conducted a serologic study in 833 healthy newborns, 110 infants under the age of 2 with various neurologic symptoms, and 40 infants under the age of 1 with hydrocephalus. Among the patients’ selected groups, the prevalence of LCMV antibodies was 0.8%, 2.7%, and 30%, respectively. A recent study by Enninga and Theiler[16] used human placental explants infected with LCMV to model viral infection and observe differences in the innate immune response during the first and the third trimester of pregnancy. Viral replication was detected in the first trimester, whereas it was absent in the third trimester placentae, which was in accordance with the findings of a more robust immune response of human placental tissue to LCMV infection in the third trimester compared to the first trimester. These findings may explain a decrease in transplacental transmission of the virus and subsequent less severe congenital manifestations in the later stages of gestation. LCMV demonstrates a strong neurotropism, especially for neuroblasts. Infection of mitotically active neuroblasts in the periventricular region of the human fetal brain can explain findings of periventricular calcifications during CT/MRI examinations[9]. Viral replication in ependymal cells and periventricular germinal matrix results in inflammation and cell necrosis, leading to necrotizing ependymitis, aqueductal obstruction, and development of hydrocephalus and intracranial lesions[15,17]. Gyral malformations in congenitally infected children can be explained by LCMV disruption of neuronal migrations[9]. Brain tissue analysis of deceased neonates unveiled lymphocytic infiltration, encephalomalacia, glial proliferation, and perivascular edema[18]. Other histologically examined tissues revealed lymphocytic myocarditis and extramedullary hematopoiesis[18]. 
According to the analyzed results, 70% of pregnancies were full term, and the median birth weight of infected infants was 3080 g. A study by Wright et al[17] reviewed reported cases of congenital LCMV infection up to that time. Most infants were the product of term gestation, and their median birth weight was 3520 g. In another study, 14 of 20 infected newborns had birth weight appropriate for gestational age[19]. These data suggest that congenitally acquired LCMV infection does not cause significant intrauterine growth restriction. This review’s descriptions of clinical manifestations were available for 85 congenitally infected children. Most of them presented with neurologic manifestations: chorioretinitis, hydrocephalus, psychomotor retardation or developmental delay, microcephaly, spastic quadriplegia, epilepsy or epilepsy-like symptoms, and optic nerve atrophy. These findings were expected since LCMV infection transmitted in utero damages the brain and retina in 87.50% of cases[20]. Besides the above-mentioned, ocular findings also included visual impairment (12 patients), nystagmus (5), esotropia (3), microphthalmia (2), exotropia (2), cataract (2), blepharoptosis (1), glaucoma (1), conjunctivitis (1), and retinal coloboma (1). Previous studies have shown that chorioretinitis is the most common manifestation of congenital LCMV infection in 88%-100% of patients[17-19,21]. Based on 34 eye examinations in 17 reported United States cases, generalized chorioretinal scars in the periphery (71%) and macular chorioretinal scars (29%) were the most prevalent findings, followed by optic nerve atrophy and nystagmus (24%). Hearing loss is seldom associated with congenital LCMV infection[7,20,22], and to date, it has been documented in only 6 patients (7.06%). In the review by Cohen et al[23], a similar incidence was noted (7.40% of cases), while the hearing deficits were often bilateral. In a study by Bonthius et al[19], the auditory sensation was preserved in 15 of 18 evaluated children. A low number of detected hearing deficits in infected infants may be due to under-diagnosis; therefore, a baseline auditory assessment in these patients is recommended[20]. Among other rare features of congenital LCMV infection, 3 patients presented with fetal hydrops, 3 with skin lesions, 2 with splenomegaly or hepatosplenomegaly, and 1 with heart abnormality (single ventricle with pulmonary atresia), and 1 with limb dysplasia (clinodactyly)[17,20,24,25]. 
Imaging techniques such as CT and/or MRI have been used to assess structural intracranial anomalies in patients with congenital LCMV infection. The most common findings were periventricular calcifications, ventriculomegaly, microcephaly, and gyral malformations. CT scans have also displayed parenchymal, ependymal, or subependymal calcifications (7 patients in total), encephalomalacia (3), cerebellar hypoplasia (2), shizencephaly (1), and colpocephaly (1). MRI demonstrated cerebellar dysgenesis (6), colpocephaly (3), encephalomalacia (2), agenesis of the septum pellucidum or corpus callosum (2), migration disorders (1), and porencephaly (1). In a study from 2007, Bonthius et al[19] reported similar findings on a sample size of 20 patients. By the time of birth, many of newborns with congenital LCMV infection no longer harbor the virus; therefore, in these cases, serological testing is the mainstay for the diagnosis[9]. However, transplacentally transferred maternal immunoglobulin G (IgG) antibodies may interfere with serology results, and for this reason, it is advised to include both IgM and IgG titers on both infant and maternal serum samples[9]. IFA and ELISA were used almost equally in the reported cases, while RT-PCR detected LCMV in 2 infected infants. The usual gene target for RT-PCR was LCMV nucleoprotein[26]. Information regarding outcomes was available in 85 children. There were 14 deaths in documented cases, including four terminated pregnancies and one intrauterine death. In total, mortality in congenitally infected children was 16.47%. This data differed from the previously reported mortality rate of 35%[17]. A possible explanation is a larger number of confirmed cases and better recognition due to the greater availability of different diagnostic methods. Long-term neurologic sequelae after congenital LCMV infection are common and may be severe in 66-67% of patients[27,28]. In this review, some form of developmental delay or psychomotor retardation was present in 63.38%, epilepsy or epilepsy-like symptoms in 35.21%, and spastic quadriplegia in 33.80% of children.
In a study by Bonthius et al[19], 12 of 20 women who gave birth to congenitally infected children with LCMV were exposed to mice during pregnancy, and the same number of mothers developed flu-like illness during gestation. A study by Vilibic-Cavlek et al[29] showed that the significant predictors for LCMV seropositivity were the presence of rodents in the house or yard or cleaning their nests. The risk of LCMV infection in individuals who reported such information was three times higher[29]. Data regarding rodent exposure, development of flu-like illness, and the period (trimester) of first symptoms were available in 45, 46, and 33 cases, respectively. This review showed that 71.11% of mothers reported exposure to rodents, 44.44% mice. The flu-like illness developed in 60.71% of women. According to the available studies, transplacental LCMV infection primarily occurs during the first and second trimesters[5]. In addition, acquired maternal LCMV infection during the first trimester has been associated with an increased risk of spontaneous abortion[9,18,27]. There is a limited number of studies about the prevalence of LCMV in pregnant women. Riera et al[30] found that 1.6% of Argentinian mothers have been seropositive to LCMV, but the absence of LCMV antibodies in the newborn excluded infection during pregnancy. A French study found no positive serology in 155 maternal serum samples[31]. Similar results were obtained in the recent Croatian study, where 3.9% of pregnant women have been seropositive to LCMV but with no detection of IgM antibodies[29].
Due to similar clinical symptoms, the major pathogens of expanded TORCH (T: Toxoplasma gondii, O: Other pathogens, R: Rubella virus, C: Cytomegalovirus [CMV], H: Herpes simplex virus [HSV]) acronym (parvovirus B-19, varicella-zoster virus [VZV], and Treponema pallidum) should be included in the differential diagnosis of congenital LCMV infection[18,32,33]. Congenital toxoplasmosis and congenital LCMV infection may significantly overlap in clinical presentation since both can cause microcephaly or macrocephaly, intracranial calcifications, and chorioretinitis[18,33]. However, congenital toxoplasmosis usually manifests with diffuse intracranial calcifications in contrast to congenital LCMV infection, which has been mostly associated with periventricular calcifications[18]. Parvovirus B-19 is a known cause of fetal hydrops. However, there have been several cases of fetal hydrops in infants with congenital LCMV infection, which must be taken into consideration in the differential diagnosis. Clinical manifestations of congenital varicella syndrome include chorioretinitis, optic nerve atrophy, microcephaly, hydrocephalus, limb hypoplasia, congenital cataract, microphthalmia, and Horner syndrome. The four latter features are rare in congenitally infected infants with LCMV[32,33]. Congenital rubella syndrome is associated with heart abnormalities (atrial and ventricular septal defects, patent ductus arteriosus), cataracts, and hearing loss, which are uncommon manifestations of LCMV. Generalized salt-and-pepper retinopathy, also a manifestation of congenital rubella syndrome, has never been documented in LCMV-infected infants[18,24,34]. Congenital CMV infection can be particularly difficult to differentiate from LCMV infection since its main ocular finding is chorioretinitis, which can also be combined with microcephaly or macrocephaly and intracranial calcifications[18,24,32-34]. However, fetal CMV infection is also associated with hepatosplenomegaly, hearing impairment, and skin lesions, which was a rarity in reported cases of congenital LCMV infection[18,33,34]. There may be some overlap between congenital HSV and LCMV ocular manifestations, yet acute retinal necrosis syndrome and scarring after HSV infection are quite distinctive from LCMV[24,34]. Characteristic signs of congenital syphilis include skin lesions, lymphadenopathy, hepatosplenomegaly, salt-and-pepper retinopathy, and bone abnormalities. All of these are infrequent or non-existent in congenital LCMV infection[18,24,33,34]. Reports have demonstrated systemic and ocular similarities between congenital LCMV infection and Aicardi syndrome, an X-linked chromosomal disorder fatal for males, occurring only in females[22,35]. The clinical features distinctive of Aicardi syndrome are hemivertebrae or fused vertebrae and agenesis of the corpus callosum[17,22,35]. However, Yu et al[35] have found agenesis of the corpus callosum in an infant boy who was congenitally infected with LCMV. Therefore, in patients suspected of having Aicardi syndrome, besides genetic testing, it is advisable to perform serologic analysis for LCMV antibodies[22,35]. In terms of genetic disorders, congenital LCMV infection must not be mistaken for Aicardi-Goutières syndrome, a completely distinct from similarly named Aicardi syndrome. The syndrome has four known genotypes, and it is distinguished from congenital LCMV infection by progressive clinical course, worsening of acute neurological episodes, high levels of interferon alpha in cerebrospinal fluid, and intracranial calcifications mainly located in basal ganglia[36]. 
Effective antiviral therapy for congenital LCMV infection has yet to be developed. Ribavirin was the first to demonstrate inhibitory activity against LCMV in vitro, however, clinical trials have not confirmed its efficacy and is limited to off-label use only, particularly due to possible teratogenic effects[5]. During the past decade, favipiravir has emerged as a promising antiviral agent with low cytotoxicity and robust in vitro activity against arenaviruses but with no clinical trials to determine the anti-LCMV effect to this date[7]. Most recent in vitro studies also showed that umifenovir and human monoclonal antibodies may be possible therapeutic options against LCMV[9]. 
This literature mini-review has some limitations regarding certain unavailability of previously discussed data, and potential conclusions were drawn from analysis of small size samples. Further studies with a larger number of participants are needed to better understand congenital LCMV infection.

CONCLUSION
In summary, LCMV is a rodent-borne arenavirus that should be recognized as an emerging fetal teratogen and included in the TORCH acronym. There have been 86 patients with congenital LCMV infection reported to date, mainly presenting with neurologic symptoms and long-term developmental disorders. Maternal exposure to rodents during pregnancy is a risk factor for developing LCMV infection and consequent transplacental transmission of the virus. The mainstay of diagnosis is the detection of LCMV antibodies in fetal and maternal serum samples. Specific epidemiological, clinical, and radiological findings differentiate LCMV from other congenital pathogens. Primary prevention of congenital LCMV infection is crucial, with a need for improvement in public education about reducing rodent household migrations and avoiding unnecessary contact with infected rodents and their excreta. Furthermore, clinicians should also become more familiar with this pathogen and its importance in congenital infections. In cases of unresolved fetal hydrocephalus and/or chorioretinitis, the diagnosis of congenital LCMV infection should always be suspected.

ARTICLE HIGHLIGHTS
Research background
Lymphocytic choriomeningitis virus (LCMV) is a rodent-borne arenavirus that can be transmitted transplacentally and cause congenital infection.

Research motivation
Data on LCMV infection are scarce.
Research objectives
To summarize the epidemiological, clinical, and diagnostic features of reported patients with congenital LCMV infection.

Research methods
A literature search was conducted in PubMed, Medline, Google Scholar, and Researchgate using ‘congenital lymphocytic choriomeningitis virus’ keywords.

Research results
In this mini-review, 48 studies (original research articles, review articles, and case reports) describing 86 children with congenital LCMV infection from 1955 to 2021 were included. Patients were from England (the first reported case), United States, Germany, Lithuania, France, and Canada. The main clinical presentations were chorioretinitis (83.53%), hydrocephalus (54.12%), and psychomotor retardation or developmental delay (54.12%). The most common findings on computed tomography/magnetic resonance imaging scans were ventriculomegaly (74.07%) and periventricular calcifications (66.67%). Congenitally infected children showed a mortality rate of 16.47%, with four terminated pregnancies and one intrauterine death.

Research conclusions
Children with congenital LCMV infection mainly presented with neurologic symptoms and long-term developmental disorders. LCMV should be considered in the differential diagnosis in cases of unresolved fetal hydrocephalus and/or chorioretinitis.

Research perspectives
Further studies on congenital LCMV infections are needed to determine the prevalence and clinical significance of this neglected viral pathogen.
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Figure 1 PRISMA flow diagram.
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Figure 2 Geographical distribution of reported cases of congenital lymphocytic choriomeningitis virus infection.



Table 1 List of reported congenital lymphocytic choriomeningitis virus infections
	Country (yr)
	Cases, n
	Clinical characteristics
	CT/MRI imaging
	Ref.

	England (1955)
	1
	Fever, epilepsy-like symptoms, opisthotonus, intracranial hemorrhage, skin lesions, hydrocephalus
	 ND
	Komrower et al[10], 1955

	Germany (1974, 1999)
	8 (2- twins)
	hydrocephalus, chorioretinitis, myopia, hyperbilirubinemia, developmental delay, heart failure, psychomotor retardation, epilepsy-like symptoms, dystrophia, microcephaly, visual impairment, intracranial calcifications
	 ND
	Ackermann et al[11], 1974; Enders et al[37], 1999

	Lithuania (1976, 1981)
	22
	Hydrocephalus, spastic quadriplegia, epilepsy-like symptoms, chorioretinitis, optic nerve atrophy, psychomotor retardation, blepharoptosis, microphthalmy, cataract, cerebral palsy, microcephaly
	 ND
	Sheinbergas[12], 1976; Sheinbergas et al[38], 1981 

	France (1978, 2000, 2009, 2017)
	6 (2- twins)1
	hydrocephalus, chorioretinitis, fetal hydrops, hepatosplenomegaly, cardiomegaly, microcephaly, abnormal gyration, cerebral atrophy, periventricular calcifications, ascites, anemia, thrombocythemia
	MRI: normal
	Chastel et al[13], 1978; Brézin et al[40], 2000; Meritet et al[39], 2009; Delaine et al[28], 2017 

	United States (1993, 1995-1997, 2000, 2002, 2003, 2006, 2007, 2013, 2014, 2017, 2018, 2021)
	47 (3- twins)2
	microcephaly, optic nerve atrophy, nystagmus, chorioretinitis, developmental delay, hydrocephalus, microphthalmia, visual impairment, psychomotor retardation, periventricular calcifications, intracranial calcifications, nystagmus,   exotropia, dolichocephaly, cortical thumb, skin lesions, spastic quadriplegia, epilepsy-like symptoms, esotropia, heart abnormality (single ventricle with pulmonary atresia), glaucoma, conjunctivitis, clinodactyly, hearing impairment, progressive supranuclear palsy, epilepsy, ataxia, spastic diplegia, fetal hydrops, ascites, cataract, retinal coloboma
	 CT: subependymal        calcifications, cerebral atrophy, ventriculomegaly,    ependymal calcifications, calcification of the lens, periventricular calcifications, shizencephaly, microcephaly,             colpocephaly, encephalomalacia, gyral malformations, cerebellar  dysgenesis, periventricular cysts, basal ganglia, and parenchymal calcifications   MRI: ventriculomegaly and ventricular dysmorphology, cerebral atrophy, gyral malformations, corpus callosum atrophy, brain stem and cerebellum displacement, ‘migration disorder’, prominent cortical sulci, cortical lesions, cerebellar dysgenesis, agenesis of the corpus callosum  colpocephaly, agenesis of the septum pellucidum, periventricular calcifications, microcephaly, encephalomalacia, porencephaly, periventricular cysts, fetal hydrops, ascites, intracranial hemorrhage, subependymal calcifications, porencephalic cysts 
	 Larsen et al[14], 1993; Barton et al[41], 1993;   Barton[42], 1995; Barton et al[43], 1996; Wright et al[17], 1997; Bechtel et al[44], 1997; Mets et al[24], 2000; Barton et al[45], 2002; Greenhow et al[25], 2003; Schulte et al[15], 2006; Yu et al[35], 2006; Bonthius et al[19], 2007; El Feghaly et al[27], 2013; Anderson et al[20], 2014; Bou Ghannam et   al[46], 2017; Kinori et al[22], 2018; Ansari et   al[47], 2021

	Canada, 2015
	2
	Microcephaly, abnormal gyration, hydrocephalus, pontocerebellar hypoplasia 
	 ND
	Fallet-Bianco et al[48], 2015


1Second twin clinically unremarkable, never examined serologically; 
2Two pairs of twins: one twin was clinically unremarkable, serologically negative. CT:  Computed tomography; MRI: Magnetic resonance imaging; ND: No data.


Table 2 Epidemiological and clinical features of maternal lymphocytic choriomeningitis virus infections
	Characteristic
	Prevalence

	Rodent exposure
	71.11%

	Type of rodent
	

	 Mice
	44.44%

	 Hamster
	8.89%

	 Rat
	4.44%

	 Mice + hamster
	8.89%

	 Mice + rat
	4.44%

	Flu-like illness
	60.71%

	First symptoms (trimester)
	

	 First
	27.27%

	 Second
	33.33%

	 Third
	6.06%

	 No symptoms
	33.33%
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