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Abstract 
 
The genus Borrelia is represented by spirochetes that, once entered the human or animal body, can migrate to different 
organs, including the central nervous system. The aim of the study was to develop a murine neuroborreliosis model by 
inoculating a strain of Borrelia burgdorferi (Bb). 2 studies were conducted using BALB/c and CD1 mice strains, female, 
8 weeks old, 22 grams at baseline. The selected animals were inoculated with Bb (106 spirochetes/mL), depending on the 
protocol, intradermally (100µL/animal) or intracerebrally (10µL/animal). For the evaluation of the neuroborreliosis 
development, endpoints were established at 1, 3, 6, 8 and 13 weeks post-infection, when samples of dura mater, brain, 
ear, heart, knee joint and bladder were collected, and maintained in culture medium specific for the growth of Borrelia. 
Recovery of Bb was possible from samples harvested 7 days post-infection from animals inoculated both intradermally 
and intracerebrally. Through the experiments we have developed a model of neuroborreliosis in two mice strains that 
can be useful for the study of the development of new therapeutic approaches. 
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INTRODUCTION 
 
Borreliosis or Lyme disease is caused by 
spirochetes belonging to the genus Borrelia 
burgdorferi (B.b.): B.b. sensu strictu, B. garinii 
and B. afzelii (Baranton, 1992). They are 
transmitted to humans and animals via ticks of 
the genus Ixodes (Zawada, 2020). 
The history of borreliosis dates back to 1977, 
when it was clinically described as an infectious 
disease (Steere, 1977). The characteristic feature 
of the disease is a rash called erythema migrans 
complemented by signs of influenza, arthritis, 
cardiac or neurological disorders (van Dam, 
1993; Shapiro, 2020). 
The natural reservoir of B.b. is the white-footed 
mouse Peromyscus leucopus (Zawada, 2020). 
In the process of transmitting borrelia into the 
human or animal body, changes in spirochete 
gene expression occur whereby they adapt and 

replicate. The motility and chemotaxis 
characteristics of borrelia enable systemic 
dissemination of infection by adhesion to the 
vascular wall or extravascular tissue, and the 
immune response generated determines the 
clinical expression of the disease. In humans, 
Lyme disease can persist for a long time before 
diagnosis and treatment, and in experimental 
infections in mice, borreliosis can persist for life 
(Rudolf, 2021). 
The mouse model is often used to investigate the 
pathophysiology of human disease, including 
the study of Lyme disease. C3H/HN mice, have 
been shown to be most susceptible to borrelia 
infection, expressed clinically by inflammatory 
carditis and arthritic manifestations (Barthold, 
1993). In these animals, the mode of induction 
of the disease that allows survival but especially 
migration and multiplication of spirochetes is 
intradermal inoculation, by this approach also 
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reproducing the natural conditions of infection 
(Kern, 2015). The skin is the organ that plays an 
essential role in the biology of borreliosis. At 
this level, borrelia cause chronic infection and 
from this point, migrate to other organs 
(Barthold, 1993).  
On the other hand, there are reported data in the 
literature showing that borrelia could be 
recovered from the skin of mice almost a year 
after infection (Grillon, 2017). Several routes of 
disease induction have been tried over time 
(intraperitoneal, intradermal, intracerebral, 
subcutaneous, intravenous or by direct tick-
animal contact) and it has been concluded that 
mice express disease when inoculated 
intradermally (Barthold, 1991). The strain of 
mouse appears to influence how the disease 
manifests, thus C3H mice develop severe joint 
and heart disease, C57Bl6 and BALB/c, mild 
forms of the same disease, and in SCID mice, 
the disease is highly aggressive, with arthritis 
and carditis reaching a maximum severity within 
60 days of inoculation (Barthold, 1992). 
Although the murine model is successfully used 
to study arthritis and carditis following Lyme 
disease, there is limited data in the literature 
focusing on the kinetics of B.b. in the nervous 
system (Garcia-Monco, 2013). For this reason, 
the aim of our study was to develop a mouse 
model of neuroborreliosis that would contribute 
to our understanding of host-pathogen interac-
tions in the central nervous system (CNS). 
 
MATERIALS AND METHODS 
 
Ethics statement 
The animal studies were approved by the Ethics 
Committee of the “Cantacuzino” National 
Institute for Medico-Military Research and 
Development (CI) and by the competent 
authority (Sanitary Veterinary and Food Safety 

Directorate Bucharest). The experiments were 
also carried out in accordance with EU Directive 
63/2010 on the protection of animals used for 
scientific purposes. 
Animals 
Two mouse strains were used: BALB/c and 
CD1, derived from the CI Specified Pathogen-
Free Animal Facility. Selection of animals at the 
start of the experiments was based on age (8 
weeks), sex (females) and weight (approx. 22 
grams). Mice were housed at the Experimental 
Medicine and Translational Research Platform 
facility in individually ventilated cages with 12-
hour light-dark cycles. Animals were housed in 
groups of 5 (experiment no. 1) and 6 
(experiment no. 2), respectively, and received 
water and food ad libitum. 
Borrelia burgdorferi strain 
The B.b. strain was provided by the Institute of 
Neuroimmunology of Kosice, Slovakia, and was 
isolated from the cerebrospinal fluid of a human 
patient. The strain processed by introducing a 
Green Fluorescence Protein (GFP) plasmid and 
a gentamicin-resistant gene. B.b. revitalisation 
was performed in the CI microbiology 
laboratory and for each experiment a low 
passage number (<6) Borrelia GFP strain was 
used, which was grown in BSK-H medium 
supplemented with 6% rabbit serum and 100 
µg/1000 µl Gentamycin until the spirochete 
concentration was sufficient for use in the 
experimental infection. Inoculum was measured 
using the counting chamber of the phase contrast 
microscope and the concentration of borrelia 
used was set at 106 spirochaetes/mL. 
Mice inoculation 
Two studies were conducted using different 
strains of mice, different inoculation methods 
and different times to follow the disease 
progression as shown in Table 1. 

 
Table 1. Outlining the study design 

Experiment no. 1 

Strain No of 
animals Inoculation way Monitoring period Euthanized animals 

BALB/c 5 intradermally 
6 weeks 1 mouse BALB/c+ 1 mouse CD1 

8 weeks 2 mice BALB/c+ 2mice CD1 
CD1 5 13 weeks 2 mice BALB/c+ 2mice CD1 

Experiment no.2 

BALB/c 12 intradermally 1 week 3 mice ID+3 mice IC 
intracerebral 2 weeks 3 mice ID+3 mice IC 
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For each experiment, animals were 
anaesthetized with a mixture of ketamine (65 
mg/kg, Vetased, Farmavet, Bucharest, 
Romania) and xylazine (5 mg/kg, Xylazine Bio 
2%, Bioveta, Cluj-Napoca, Romania). The 
cervical and toraco-dorsal fur was trimmed and 
disinfected with 3% Iodine. Inoculation of 
spirochetes was performed in a laminar flow 
hood. For intradermal inoculation, a volume of 
100 µL of borrelia medium, introduced as an 
intradermal bleb, was used in 10 different 
points, with orientation as close as possible to 
the cervical area. Intracerebral inoculation was 
performed by introducing a 10 µL volume of 
borrelia, using the same inoculation method 
described in another study of ours that involved 
injecting bacteria intra cisterna magna (Coman, 
2023). After inoculation, animals were placed in 
clean cages and maintained in a noise-free 
environment to recover from anesthesia. At the 
end of each monitoring period, animals were 
euthanized by anesthetic overdose. Samples of 
dura mater, brain, bladder, ear, knee joint, and 
heart were collected from intradermally 
inoculated animals, and only dura mater and 
brain were collected from intracerebrally 
inoculated animals (Figure 1). Each organ was 
cut into smaller pieces and deposited in tubes 
with BSK-H culture medium, then incubated at 
33oC (Figure 2).  
The tubes were examined macroscopically daily 
for signs of contamination. 
Microscopic examination under fluorescence 
microscopy was performed twice weekly over a 
6-week incubation period. For each positive 
tube, the number of incubation days until growth 
detection, growth quantification and other 
culture characteristics were noted. 
 

 
Figure 1. Harvesting of dura mater samples (A) and its 

fragmentation for deposition in culture medium (B) 
 

 
Figure 2. Brain, dura mater and organ samples harvested 

on BSK-H medium 
 

 
RESULTS AND DISCUSSIONS 
 
In terms of clinical signs, regardless of the route 
of inoculation or strain used, we did not observe 
any obvious symptoms. Two BALB/c mice 
showed a heavy gait, lameness on a hind limb, 4 
weeks after intradermal inoculation, but these 
symptoms recovered 6 weeks after infection.   
Following infection of the mice by intradermal 
inoculation, in the first experiment, we 
identified spirochete growth in tubes with 
medium containing ear samples in BALB/c 
animals and ear, bladder and knee joint samples 
in CD1, at the time of sample collection 6 weeks 
after infection. Growth in the tubes could be 
observed 20 days after sample collection.  
Related to the analysis of samples collected at 8 
and 13 weeks, no growth was observed in the 
tubes, even after 2 months of incubation 
(maximum follow-up period was 3 months). The 
number of animals involved in our first 
experiment is minimal, unlike other studies that 
used more animals that were followed for 
longer. Thus, if in the case of our experiment, 
the Borrelia showed an increase in the tube at 20 
days after harvesting and no increase at the other 
times we can hypothesize that the surveillance 
interval is small compared to Barthold's study 
when he was able to isolate spirochetes even at 
360 days after harvesting (Barthold, 1993) or 
even that the detection method approached did 
not detect spirochetes possibly due to the 
sensitivity limitation and the very small number 
of spirochetes (Table 2). 
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Table 2. The results of the first experiment cultural examinations 

Samples 6 weeks 8 weeks 13 weeks 

CD1 BALB/c CD1 BALB/c CD1 BALB/c CD1 BALB/c CD1 BALB/c 
Dura mater - - - x - - - - - - 

Brain - - - - - - - - - - 
Ear + + - - - - - - - - 

Bladder + - - - - - - - - - 
Heart - - - - - - - - - - 
Joint + - - - - - - - - - 

+ (growth of spirochetes); - (no growth of spirochetes); x (contaminated sample) 

 
Previous studies have shown that the 
dissemination of B.b. and the severity of disease 
expression in laboratory mice is dependent on 
the route of inoculation. Therefore, in the second 
experiment we wanted to compare the 
intradermal and intracerebral route of 
inoculation, the aim being to identify the most 
efficient method by which borrelia reach the 
brain and express disease. Thus, the results 
showed that, one week after inoculation, 2 mice 

from each intracerebrally or intradermally 
inoculated group had borrelia in the dura mater 
samples collected. In animals sacrificed at 2 
weeks post-inoculation, 3/3 intracerebrally 
inoculated animals showed borrelia in the dura 
mater, the increase being observed after 9 and 15 
days of incubation, and in intradermally injected 
mice, no animal had B.b. positive samples 
(Table 3). 

 

Table 3. The results of the second experiment cultural examinations 

Samples 
Intracerebral inoculation 

1 week 2 weeks 
Mouse no. 1 Mouse no. 2 Mouse no. 3 Mouse no. 1 Mouse no. 2 Mouse no. 3 

Dura mater + X + + + + 
Brain - - - - - - 

Samples 
Intradermally inoculation 

1 week 2 weeks 
Mouse no. 1 Mouse no. 2 Mouse no. 3 Mouse no. 1 Mouse no. 2 Mouse no. 3 

Dura mater + + - - - - 
Brain - - - - - - 
Ear + - - - x - 

Bladder - - - - - - 
Heart - - - - - x 
Joint - - - x - - 

+ (growth of spirochetes); - (no growth of spirochetes); x (contaminated sample) 

 
As in an experiment by Divan et al., Borrelia 
were found in the dura mater at both 7 days and 
14 days post intracerebral inoculation, in 
contrast to intradermal inoculation where we 
isolated spirochetes at 7 days but not at 14 days 
showing similarity to results reported during late 
disseminated infection (Divan, 2018).  
Spirochete infection can disseminate 
systemically, reaching many tissues including 
the CNS where it produces lymphocytic 
meningitis, cranial neuritis or radiculoneuritis 
and facial paralysis (Ford, 2021; Eckman, 
2018). On our mouse model, signs of nerve 
damage were not observed although through 

cultural examinations we were able to identify 
borrelia in the dura mater. This conclusion may 
correlate with the situation seen in humans, 
where approximately 15% of patients infected 
with B.b. show long-term neurological and 
psychological symptoms that do not respond to 
antibiotics (Rauer, 2020). 
CNS damage occurs in many infections and 
often produces irreversible neurological damage 
(John, 2015). Spirochetes present in the CNS are 
important indicators for the onset of 
neuroinflammation (Koedel, 2015). As in our 
studies we identified borrelia in the brain in the 
first and second week after inoculation, we can 
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say that as time goes by, the infection enters a 
latent phase, so that at 6 weeks post-inoculation 
we found it in the tissues (experiment number 
1), and at 8 and 13 weeks, most likely the 
spirochete titer decreased below the detection 
limit by the method of culturing the collected 
samples. 
 
CONCLUSIONS 
 
In these studies, we were able to develop 
neuroboreliosis through the inoculation of B.b. 
on two strains of mice, CD1 and BALB/c, with 
analysis of tissue samples collected at different 
time intervals demonstrating the systemic sprea-
ding action of Borrelia. Also, the intradermal 
and intracerebral inoculation route of B.b. in the 
two mouse strains were shown to be able to re-
plicate the disease, which gives us a solid support 
for testing new drugs against Lyme disease. 
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