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ABSTRACT
Background: 
Lymphocytic choriomeningitis virus (LHMV) infection 
is a neglected rodent-borne zoonotic infection but it is 
found all over the world because of the cosmopolitan 
distribution of its reservoirs. The diagnostic of this 
disease is not widely applied that is why it has been 
underreported. The aim of this study is to investigate 
infection with LCMV in hospitalized patients in 2015-
2022 in Bulgaria and to analyse the data compared to 
the worldwide data available in this field of research.
Materials/methods: A total of 66 serum samples 
and 25 cerebrospinal fluid (CSF) samples from 
73 patients with suspected LCMV infection from 
different hospitals in Bulgaria were collected. All 
samples were tested with a commercial enzyme-
linked immunosorbent assay (Human LCMV-Ab 
ELISA, SSBT, China), based on the principle of double-
antibody sandwich technique to detect Human 
LCMV-Antibody.
Results: A total of 11/91 (12.09%) positive samples 
were found in 5 males and 6 females throughout 
the study period. The positive samples were from 
patients from the cities: Sofia, Stara Zagora, Montana. 
A total of 3/25 (12%) positive samples were from CSF 
samples and 8/66 positive samples (12.12%) were 
from serum samples. 
Conclusions: It’s found that this infection occurs in 

our country and should not be underestimated, due 
to the possible severe neurological course and the 
danger of fetal damage in pregnant women. The 
diagnosis of LCMV infection is based on previous 
experience, placed in the light of the continuous 
introduction of new more sensitive and specific 
approaches.
Key words: Lymphocytic choriomeningitis virus, 
diagnosis, serology  

INTRODUCTION
Lymphocytic choriomeningitis virus (LCMV) infection 
is an acute viral disease, zooanthroponosis, occurring 
in various forms in humans, and causing intrauterine 
infection with fetal damage in pregnant women. 
In the recent decades, LCMV has been prevalent 
among mice in the Americas, Africa, Asia, Europe, 
Australia; it circulates practically worldwide. It can 
cause aseptic meningitis, especially in patients who 
report contact with rodents, although clinical cases 
are rarely recorded. The diagnosis of this disease, 
mainly serological, is limited to a small number 
of laboratories and it is difficult to determine the 
incidence and seroprevalence rates [1, 2]. LCMV was 
the first isolated arenavirus, detected accidently in 
1933 by Armstrong and Lillie during an encephalitis 
outbreak (St. Louis, Missouri, USA). In Bulgaria, 
LCMV was isolated for the first time in 1956 [3]. 
LCMV infection is detected in 20% of the cases of 
aseptic meningitis [3]. There are about 30 strains 
of LCMV that have been isolated from rodents and 
humans in the USA, Europe, Japan that show distinct 
patterns of tissue tropism. [4, 5]. Traub identified 
the common house mouse (Mus musculus) as the 
natural reservoir host of the virus in 1935 [6]. Mice 
infected in the intrauterine period cannot mount an 
immune response and develop asymptomatic life-
long infection with large quantities of virus in nasal 
secretions, saliva, milk, semen, urine, and feces 
[7]. Hamsters and pet mice have been identified as 
sources of infection [8, 9]. In animals, horizontal and 
vertical transmission is possible and bites also play a 
role. Human infections occur after mucosal exposure 
to aerosols contaminated with rodent excreta, direct 
contact with rodents or through rodent bites [10]. 
Transmission from human to human has not been 
documented, except through organ transplantation 
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[11, 12] and vertical transmission from infected 
pregnant women to fetus [13]. The portal of entry 
is the mucosal lining of the digestive system or the 
respiratory tract. The viruses attach to cell surface 
receptors during the infection and are internalized 
by endocytosis. The incubation period is 3-13 
days. The clinical forms of LCMV infection are: 
inapparent, flu-like, meningitis, meningoencephalitis, 
hemorrhagic, fetal infections. LCMV infection may 
be asymptomatic in immunocompetent persons 
(one third of infected or present as a non-specific, 
self-limiting febrile disease. However, the illness can 
progress to meningitis or meningoencephalitis. Most 
cases recover fully within one to three weeks [14]. 
In immunocompromised patients, such as organ 
transplant recipients, infection can resemble the 
Lassa hemorrhagic fever with a very high fatality 
rate [11,12]. Many reports from Germany, Lithuania, 
and France in the 1970s have shown the association 
of intrauterine LCMV infection with spontaneous 

abortion and a congenital LCMV infection that 
occurs with hydrocephalus, chorioretinitis and 
periventricular calcifications in 87.5% of the cases 
[15-17]. Mortality among newborns with congenital 
infection is about 35% and 70% of them show long-
term neurologic consequences [18]. There are also 
asymptomatic forms of the infection, as evidenced 
by the presence of antibodies in non-diseased 
individuals. The prevalence of LCMV in patients with 
fever and neurologic manifestations and healthy 
persons was analyzed in southern Iraq (2012-2016). 
The seroprevalence was 12.2% in the healthy control 
group and 7% in the acute febrile patients [19]. 
The most typical classic form is meningitis. Fever 
lasts 7-14 days and often has a two-wave pattern. 
During the second phase, which develops after 8-10 
days, neurological manifestations also appear. The 
disease has a long undulating course with periods 
of improvement and deterioration but the prognosis 
is favorable. The meningoencephalitis form is less 

3 1 3 1 1 1 0 1

17

22

14 13
11

3
5 6

2015 2016 2017 2018 2019 2020 2021 2022

Fig. 1. Distribution of number of 
positive samples over all samples 

tested

Number of positive Total number

Figure 1. Distribution of number of positive samples over all samples tested. 

2

0

1

0 0

1

0

11 1

2

1 1

0 0 0

2015 2016 2017 2018 2019 2020 2021 2022

Fig. 2. Distribution of positive samples 
of the patients by sex

Men Women

Figure 2. Distribution of positive samples of the patients by sex. 



13

LYMPHOCYTIC CHORIOMENINGITIS VIRUS INFECTION- WHAT IS DONE AND PROSPECTS FOR FUTURE STUDIES

common but more severe, with more neurological 
symptoms and mental disorders. The CSF is often not 
clear, with elevated protein levels and pleocytosis, 
mainly lymphocytes (98-100%).
The aim of this study is to investigate infection 
with LCMV in hospitalized patients in 2015-2022 in 
Bulgaria and to analyse the data compared to the 
worldwide data available in this field of research. 

MATERIALS AND METHODS
A total of 66 serum and 25 cerebrospinal fluid 
(CSF) samples from 73 patients with suspected 
LCMV infection from different hospitals in Bulgaria 
were collected as follows: 13 serum samples and 
4 CSF samples in 2015, 16 serum samples and 6 
CSF samples in 2016, 11 serum samples and 3 CSF 
samples in 2017, 8 serum samples and 5 CSF samples 
in 2018, 8 serum samples and 3 CSF samples in 
2019, 3 serum samples in 2020, 3 serum samples 
and 2 CSF samples in 2021, 4 serum samples and 
2 CSF samples in 2022. The samples were taken 
from 35 men and 38 women. The patients had the 
following diagnoses: encephalitis - 12, meningitis 
- 26, meningoencephalitis - 28, cerebral edema - 3. 
There were only 4 patients with flu-like symptoms 
and with epidemiological data of contact with 
rodents. Human LCMV-Ab ELISA kit (Shanghai Sunred 
Biological Technology Co., Ltd., China), based on the 
principle of double-antibody sandwich technique to 
detect Human LCMV-Antibody was used according to 
the manufacturer's instructions. 

RESULTS AND DISCUSSION
A total of 11/91 (12.09%) positive samples were 
found in the patients throughout the study period 
in 5 males and 6 females (Fig.1, Fig.2). In 2015 
three cases of LCMV infection (3/17, 17.65%) were 
detected in patient samples (two males and one 
female) using the ELISA method (Fig.1, Fig.2). The 
men had meningoencephalitis and cerebral edema, 
and the woman had meningitis (Fig.5). One of the 
men also had reported contact with rodents. In 2016 
one positive sample (1/22, 4.55%) was found from 
a woman with meningoencephalitis (Fig.1, Fig.2, 
Fig.5). The number of laboratory positive samples 
in 2017 was three (3/14, 21.43%), from two women 
with meningitis and one man with encephalitis 

(Fig.1, Fig.2, Fig.5). In the period 2018-2020 infection 
was proven in three patients altogether – one in 
each year (1/13, 7.69%; 1/11, 9.09%; 1/3, 33.33%, 
respectively). Of the three, two were women with 
meningoencephalitis and the third was a man with 
meningitis (Fig.1, Fig.2, Fig.5). The small number 
of samples examined in 2020 is explained by the 
COVID-19 pandemic that started in 2020, when all 
other infections were neglected for a certain period 
of time. In 2021 only five samples from suspected 
patients were tested, but no positive samples were 
found among them. Of the six examined samples in 
2022 one positive sample (1/6, 16.67%) was found 
from a man with meningitis (Fig.1, Fig.2, Fig.5). The 
four samples from patients with flu-like illnesses 
were tested but the results were negative.
High rates of positive samples were found in the 
years 2015, 2017, 2022, 17.65%, 21.43% and 16.67%, 
respectively. The highest percentage of positive 
samples was found in 2020, but too few samples 
were tested (1/3, 33.33%). The distribution of 
positive cases by age was as follows - two in each of 
the age groups 0 to 9 years, 40 to 49, 50 to 59 and 60 
to 69 and one in the age groups: 10 to 19, 20 to 29, 
30 to 39 years (Fig.3). The positive samples for LCMV 
infection were from patients from the cities: Sofia - 6, 
Stara Zagora - 4, Montana - 1. 
A total of three (3/25, 12%) positive CSF samples 
and eight (8/66, 12.12%) positive serum samples 
were found (Fig.4). They were from patients with 
the following diagnoses: meningitis (5 cases), 
meningoencephalitis (4 cases), encephalitis (1 
case), cerebral edema (1 case) (Fig.5). According to 
literature data, the most common form of infection 
is meningitis, which was also confirmed by us. A 
resent publication from 2021 for a study conducted 
in our country on the etiological structure of 
neuroinfections showed the presence of LCMV in 3% 
of the cases of viral and bacterial neuroinfections in 
the University hospital of Stara Zagora [20]. Several 
studies showed higher LCMV seropositivity in 
individuals exposed to rodents. LCMV was detected 
in 8% of hospitalized patients with neuroinvasive 
disease in 1950s in the United States, especially 
during winter when mice move indoors [21]. In the 
1990s, the seroprevalence rates were found to be 
2.3% in Argentina [22], 2.4% in Texas (USA) [23], 4% 
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in Canada [24], and 4.3-5.1% in Alabama (USA) [23]. 
Two studies from 2000s showed a seropositivity of 
1.7% in Spain [25] and 3.3% in Argentina [26]. A study 
from Finland (2013-14) found that 5.0% of patients 
with neuroinvasive disease tested positive for LCMV 
IgG antibodies. Seropositivity was equally distributed 
between female and male patients [27], as our results 
also showed. A study in Gabon (2015-17) showed 
a high LCMV seropositivity of 21.5% [28]. Another 
study conducted in the continental Croatian regions 
(2017-18) showed an overall seroprevalence of 6.8%, 
ranging from 3.9% in non-exposed populations to 
9.8% in professionally exposed individuals (forest 
workers, hunters, persons in frequent contacts with 
rodents) [29, 30]. Seroprevalence studies conducted 
among the general population have revealed that 
up to 15% seropositivity [31, 27, 25, 26, 32, 33]. This 
data correlates well with our results. An Austrian 
study found that 13% of employees of the Vienna 
zoo were LCMV seropositive [34]. A study from Italy 
conducted among forest workers showed an increase 
in the LCMV seroprevalence from 2.5% in 2002 [32] 
to 7% in 2015. Additionally, seroprevalence was high 
among hunters (12.9%) [35]. In 2012, 8 to 47% of 
the employees of rodent breeding facilities in the 
USA tested LCMV seropositive [36]. In our country, 
seroepidemiological studies conducted by Katsarov 
in the 80s showed the presence of antibodies among 
livestock breeders and forest workers between 6.8% 
and 24.6% [3].
Antiviral therapeutic options in human LCMV infection 
are currently exceptionally limited and the majority 
of research and future prospects are focused on re-
purposing antiviral drugs approved for the treatment 
of other infectious diseases. The first antiviral drug 
repurposed for the treatment of transplantation-
associated LCMV infection in humans was ribavirin, 
a guanosine analogue with complex mechanisms of 
action including direct inhibition of RNA-dependent 
RNA polymerase [37]. The antiviral drug favipravir 
(pyrazinecarboxamide derivative) inhibits the activity 
of RdRp of various RNA viruses. It is currently used 
and evaluated in clinical trials for the therapy of 
COVID-19 [38]. Umifenovir (arbidol) is an indolyc 
carboxylic acid that inhibits various stages of viral 
replication [39]. It is used for the prevention and 
treatment of influenza virus infection and is currently 

being evaluated in clinical trials as a COVID-19 
antiviral drug. Kim et al. (2019) identified 10 anti-
LCMV compounds inhibiting different steps in the 
replication cycle that represent promising candidates 
for further pre-clinical evaluation [40]. Bösch et al. 
(2020) showed that landornamide A inhibits LCMV 
infection in mouse cells in vitro. [41]. Encouraging 
data comes from a related field, the treatment of 
Lassa virus infection. Mire et al. (2017) reported 
that combinations of human monoclonal antibodies 
(huMAbs) specific for glycoproteins of Lassa virus 
provided a 100% rescue, even when treatment was 
initiated at advanced stages of the disease [42]. 
Several of these huMAbs cross-react with LCMV 
glycoprotein complex in vitro, suggesting that further 
studies specifically focusing on monoclonal-antibody 
based treatment of LCMV are warranted [43, 44]. 
The treatment of LCMV infection is pathogenetic and 
symptomatic. Immunity is humoral and cellular, and 
remains lifelong after recovery. There is no vaccine 
prophylaxis available. General epidemiological 
measures (control of rodents, protection of water 
sources and food, etc.) are carried out in the cases of 
infectious outbreak. Reverse genetically engineered 
recombinant LCMV (rLCMV) is an important candidate 
for the development of vector-based vaccines [45]. 
Schmidt et al. (2020) constructed a new vaccine TT1-
E7E6 based on replicating attenuated LCMV [46]. 
An assay based on RT-PCR has been developed for 
the detection of LCMV RNA in blood and CSF. The 
highly sensitive assays target the envelope precursor 
glycoprotein (GPC) and nucleoprotein (NP) genes [47, 
48]. Testing of serum and CSF by both serology and 
RT-PCR is recommended to improve diagnostic yield 
[49]. Additionally, next-generation sequencing has 
been used retrospectively for donor-derived LCMV 
infection [50]. The application of these new methods 
of diagnosis of LHMV infection and new drugs for 
its treatment, based on modern achievements in 
science are good future prospects for our country.
Many epidemiological studies showed that wild 
mice are infected with LCMV in some regions of the 
world. LCMV antibodies were detectedin 25% of 
Norway rats (Rattus norvegicus) from the UK [51], 
in 5.6% of wild rodents (6.1% Apodemus flavicollis, 
3.3% Clethrionomys glareolus and 14.3% Microtus 
arvalis) in Trentino, Italy [32], in 2.9% of wild mice 
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(Mus musculus) in China [52], in 6.9- 20.1% of M. 
musculus in urban areas of Argentina [22]. Another 
data showed LCMV antibodiesin 2.4% of rodents 
trapped in Turkey [53], in 9% of mice (M. musculus, 
M. spretus) caught in Spain [25], in 10% among 
mice in Sincelejo, Colombia, [54]. The prevalence 
was highest in locations with high anthropogenic 
influence (53.33%), while it was significantly lower in 
rodents from natural habitats [55]. The seropositivity 
of trapped rodents from breeding facilities in the 
USA varied from 20.8% to 66% [36]. Only 0.4% of 
rats trapped in the Mekong Delta or purchased in 
wet markets in Vietnam (2012 - 2013) were LCMV 
seropositive [33]. There are currently no studies 
available on the presence of specific antibodies 
against LCMV in rodents in Bulgaria and this is a 
perspective field for future research.

CONCLUSIONS
Although the general clinical interest for the disease 
is low and LCMV is rarely considered, our study found 
12.09% positive samples from hospitalized patients 
suspected for LCMV infection. Fatal LCMV infection 
in several cases of transplant recipients highlight the 
pathogenic potential and clinical significance of this 
neglected human pathogen. Even hough we have not 
conducted studies among pregnant women, other 
studies show that LCMV should be considered as a 
fetal teratogen [56, 57, 58] and obstetricians should 
be aware of an emerging role of LCMV in addition 
to TORCH panel. Timely diagnosis of LCMV infection 
using the most commo serological methods, as well 
as the introduction of modern molecular genetic 
methods will clarify the importance of this pathogen 
in our country and prevent possible complications in 
pregnant women.
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