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ARTICLE INFO ABSTRACT

The aims of the study were to determine the frequency of borrelial infection in patients with peripheral facial
palsy (PFP) and to compare clinical and laboratory characteristics of patients with borrelial PFP and patients
with PFP of unknown etiology.

Adult patients with PFP who presented at our department between January 2006 and December 2013 qua-
lified for the study if they had undergone lumbar puncture and also been tested for the presence of borrelial IgM
and IgG antibodies in serum and cerebrospinal fluid (CSF) in indirect chemiluminescence immunoassay. Patients
with PFP who had obvious signs/symptoms indicating a disease other than Lyme borreliosis (LB) were excluded.
Patients who qualified for the study were classified into three groups according to the clinical and micro-
biological criteria: those having confirmed LB, those with possible LB, and those with PFP of unknown etiology.

Of 589 patients diagnosed with PFP during the eight-year period, 436 patients (240 males, 196 females) with
median age 42.5 years (15-87 years) qualified for the study. Among these patients, 64 (14.7%) fulfilled criteria
for confirmed LB, 120 (27.5%) had a diagnosis of possible LB, and in 252 (57.8%) the cause of their PFP
remained unknown. When compared with patients with unknown cause of PFP, the patients with confirmed LB
were older, more often presented in summer, more often reported tick bites, more frequently had LB in the past,
more often complained of constitutional symptoms and radicular pain, and more often had bilateral palsy and
CSF pleocytosis. Among the patients with possible LB and patients with unknown cause of PFP there were no
differences in frequency of constitutional symptoms, radicular pain, bilateral palsy or CSF pleocytosis.

Presentation in summer, tick bites, constitutional symptoms and radicular pain, bilateral palsy, and CSF
pleocytosis strongly suggest borrelial etiology of PFP.
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1. Introduction

Peripheral facial palsy (PFP) is a relatively common disorder usually
manifesting as Bell’s palsy, which is defined as acute PFP of idiopathic
origin. Various infectious and non-infectious conditions can produce
isolated PFP identical to Bell’s palsy (Gilden, 2004), with Borrelia
burgdorferi sensu lato (s.1.) infection one of the leading causes of PFP in
Lyme borreliosis (LB) endemic regions such as Slovenia (Lotri¢-Furlan
et al., 1999; Arnez and Ruzi¢-Sablji¢, 2010). Adults with Bell’s palsy
benefit from corticosteroid treatment given within 72 h after the onset
of the palsy (Sullivan et al., 2007; Engstrom et al., 2008), but there is no
reliable evidence that such treatment is helpful or detrimental for

patients with LB who need antibiotic treatment, therefore it is of im-
portance to distinguish between these two entities as early as possible.

The aim of our study was to assess the frequency of borrelial
etiology of PFP in adult patients in Slovenia and to compare the clinical
and laboratory characteristics and outcome in such patients with those
in patients with PFP of unknown etiology.

2. Patients and methods
2.1. Patients and study design

Patients over 15 years of age who presented with PFP at the

Abbreviations: PFP, peripheral facial palsy; s.l., sensu lato; LB, Lyme borreliosis; CSF, cerebrospinal fluid; EM, erythema migrans; Al, antibody index
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Department of Infectious Diseases, University Medical Center Ljubljana,
Slovenia, between January 2006 and December 2013 qualified for the
study if they had undergone lumbar puncture and been tested for the
presence of borrelial IgM and IgG antibodies in serum and cerebrospinal
fluid (CSF) in indirect chemiluminescence immunoassay (CLIA).
Patients with PFP who had obvious signs/symptoms indicating a dis-
ease other than LB, such as Ramsay Hunt syndrome, were excluded.
Patients with viral etiology indicated by the presence of viruses in CSF
in molecular methods were also excluded.

Patients with PFP were classified into three groups according to
clinical and microbiological criteria: those having confirmed LB, those
with possible LB, and those with PFP of unknown cause.

A diagnosis of LB was considered confirmed by the presence of at
least one of four criteria: 1) presence or reliable history of recent er-
ythema migrans (EM) i.e. within 120 days before onset of PFP; 2) in-
trathecal production of borrelial IgM and/or IgG antibodies; 3) isolation
of Borrelia burgdorferi s.l. from CSF; 4) seroconversion to borrelial an-
tigens within two months after the first visit. EM was defined according
to Stanek et al. (2011).

LB was considered possible in patients with PFP who tested positive
for borrelial IgM and/or IgG antibody in serum but did not fulfill any of
the criteria for confirmed LB. The group of patients with unknown
cause of PFP comprised those who did not fulfill criteria for confirmed
or possible LB and no other cause of PFP was found.

The large majority of patients with PFP and confirmed LB, fewer
than half of those with PFP and possible LB, and some patients with PFP
of unknown etiology were treated with ceftriaxone 2 g iv once daily or
with oral doxycycline 100 mg twice daily for 14 days. The decision for
treatment and choice of antibiotic were left to the discretion of the
treating physician. The same was valid for treatment with corticoster-
oids.

Patients were followed clinically for six months. In a subset of pa-
tients who were seronegative at the initial visit, borrelial serum anti-
bodies were determined two and six months after the first visit.

2.2. Laboratory testing

At the first visit, routine blood and CSF parameters (cell count,
concentration of total proteins, glucose, albumin, IgG, IgA, IgM) were
assessed in all patients. Borrelial antibodies Antibodies to B. burgdorferi
s.l. were analyzed in CLIA (LIAISON®, Diasorin, Italy) with recombinant
outer surface protein C (OspC) and recombinant VIsE antigens for IgM
antibody, and recombinant VIsE as the antigen for IgG antibody. Results
were interpreted according to the manufacturer’s instructions.
Intrathecal production of borrelial antibodies was determined as de-
scribed by Reiber and Peter (2001). Antibody index (AI) values > 1.4
were considered positive. We decided for the single-tier approach due
to the difficulties in interpretation of western blots in Europe and since
the results of several studies suggest that the ELISA systems that use
Vlse and OspC as antigens for detecting Borrelia-specific IgG and IgM
antibodies show sufficient sensitivity and specificity to replace the two-
tier test principle (Branda et al., 2013; Wormser et al., 2013; Moore
et al., 2016).

During the initial part of our study, antibodies to B. burgdorferi s. 1.
were routinely determined in in-house indirect immunofluorescence
assay (IFA). For the present study, we retested all available serum and
CSF samples using CLIA; serologic findings were interpreted according
to the results of CLIA. The samples had been stored at —80 °C for a
median time of 1861.5 (range 731-3083) days prior to testing. Culture
and isolation of Borrelia spp. CSF samples (1 mL) were cultivated in
Modified Kelly-Pettenkofer medium for the presence of Borrelia spp. for
up to nine weeks. For species identification, borrelial DNA was digested
overnight at 37 °C with the restriction endonuclease Mlul, and frag-
ments were separated by pulsed-field gel electrophoresis as described
elsewhere (Ruzic-Sabljic et al., 2002; Strle et al., 2006). Molecular
testing for HSV-1, HSV-2, and VZV DNA in CSF Available CSF specimens
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that had been stored at —80°C for a median time of 1508 (range
213-3083) days were analyzed. A description of the methods is given in
Supplementary material.

2.3. Statistical methods

Statistical differences between groups were evaluated using Fisher’s
exact test for categorical variables and the Mann-Whitney U test for
numeric variables. All p values below 0.05 were considered to indicate
significance. We used a random forest classifier for prediction of a
plausible target class from the set of clinical predictors. Random forest
is a state-of-the-art machine learning classifier employing two types of
randomness to construct a collection of decision trees, i.e. a bootstrap
aggregation procedure (Breiman, 1996) and random feature selection
(Amit and Geman, 1997). The random forest approach is a powerful
tool for uncovering complex relationships among predictor variables
(Breiman, 2001); it does not tend to over-fit, provides variable im-
portance ranking, and is suitable in settings with relatively low sample
sizes. For performance evaluation we used the area under a precision-
recall curve (AUPR), which is a standard metric in settings with an
unbalanced number of cases across classes. The theoretical range of
AUPR is between 0 and 1; higher values indicate better classification.

The selected characteristics of patients with favorable and un-
favorable outcomes were compared using multiple logistic regression.
Selection of predictors was based on expert opinion and was in-
dependent of observed outcomes. Results were summarized with odds
ratios (OR), their 95% confidence intervals (CI), and corresponding p
values.

R programming language using the caret package (R Development
Core Team, 2018) was used for all statistical computing, including
prediction modeling.

3. Results

As shown in Fig. 1, among 589 patients diagnosed with PFP during
the eight-year period, 17 were excluded from the study because they
had disease other than LB (11 Ramsay Hunt syndrome, two tick-borne
encephalitis, one pyramid apex tumor, one sarcoidosis, two others with
neurologic disease). A further 136 patients did not satisfy the inclusion
criteria because either CSF was not available (23 patients) or antibodies
to B. burgdorferi s.l. were not determined with CLIA (112 patients), or
the CSF tested positive for HSV-1, HSV-2, or VZV DNA (the latter in 1/
364 patients). Thus, the data of 436 patients (240 males, 196 females)
with median age 42.5 years (15-87 years) were further analysed.
Among these patients, left-sided facial palsy occurred in 215 (49.3%),
right sided palsy in 214 (49.1%), and bilateral palsy in seven (1.6%).

Among the 436 patients, 64 (14.7%) fulfilled criteria for confirmed
LB, in 120 (27.5%) the diagnosis was possible LB, and in 252 (57.8%)
the cause of PFP remained unknown.

3.1. Patients with PFP and confirmed LB

The presence or reliable history of recent EM, isolation of B. burg-
dorferi s.1. from CSF, and/or intrathecal synthesis of borrelial IgM and/
or IgG antibodies were established in 21/64 (33%), 6/64 (9%) and 51/
64 (80%) patients, respectively. Several patients fulfilled more than one
criterion for confirmed LB (Table 1).

At presentation, serum IgG and/or IgM antibodies were established
in the majority (58/64, 91%) of patients with confirmed LB; more often
IgG (54/64 patients, 84%) than IgM (30/64 patients, 47%). Solely
serum IgG antibodies were found in 28 patients and solely IgM anti-
bodies in four patients. Serum IgG and/or IgM antibodies were present
in all six patients in whom B. burgdorferi s.l. was cultured from CSF, in
17/21 (81%) patients with EM, and in 49/51 (96%) patients in whom
borrelial infection was confirmed from intrathecal synthesis of borrelial
IgM and/or IgG antibodies (Table 2). More detailed analysis of the
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Patients with PFP
(n=589)

\4

Ticks and Tick-borne Diseases 10 (2019) 398-406

No other diagnosis to explain
PFP (n=572)

PFP due to other defined diseases®
(n=17)

CSF examination performed
(n=549)

BB serology by CLIA® (n=437)

CSF not available®
(n=23)

BB serology by IFT*
(n=112)

VZV DNA in CSF
(n=1)

Confirmed LB
(n=64)

Possible LB
(n=120)

Cause of PFP uknown
(Bell's palsy)
(n=252)

Fig. 1. Flowchart of the study. *Other defined diseases: 11 Ramsay Hunt syndrome, 2 tick-borne encephalitis, 1 pyramid apex tumor, 1 sarcoidosis, and 2 other
neurological disease; 17 refusal of lumbar puncture, 2 coagulation disorders, 2 pregnancy, 2 technical difficulties with lumbar puncture; ‘the two groups did not
differ significantly in age, sex, or number of symptoms; 9364,/437 CSF samples were tested for the presence of HSV-1, HSV-2 and VZV DNA.

latter subgroup showed that 15/37 (40%) patients with a positive Al for
borrelial IgM had no borrelial IgM antibodies in serum, and that among
45 patients with intrathecal synthesis of IgG antibodies there was only
one (2%) IgG seronegative patient.

Among six IgM and IgG seronegative patients, the diagnosis of
confirmed LB was established from the history of EM in two patients, by
the presence of EM in two patients, and by intrathecal synthesis of
borrelial IgM and/or IgG antibodies in the remaining two (IgM and IgG
intrathecal synthesis in one patient, solely IgM in one). No case of
seroconversion was found in a subset of three seronegative patients

Table 1

Evidence of borrelial infection among 64 patients with confirmed Lyme borreliosis.

(two with the presence of EM and one with the history of EM) who were
tested two months after the initial visit.

3.2. Patients with PFP and possible LB

In 120 patients the presence of borrelial IgM and/or IgG antibodies
in serum was the only finding indicating possible LB. In 17/120
(14.2%) patients both borrelial IgG and IgM antibodies were present, in
68/120 (56.7%) solely IgG, and in 35/120 (29.2%) solely IgM anti-
bodies.

Erythema migrans

Isolation of BB from CSF (N = 6) IT synthesis of borrelial antibodies®

(N =21) (N =51)
Erythema migrans (N = 21) 21 1 8
Isolation of BB from CSF (N = 6)" 1 6 6
IT synthesis of borrelial IgM and/or IgG antibodies (N = 51) 8 6 51
- IT synthesis of IgM 7 5 37
- IT synthesis of IgG 8 6 45
- IT synthesis of IgM and IgG 7 5 31

BB, Borrelia burgdorferi s.1.; CSF, cerebrospinal fluid; IT, intrathecal.

2 In five of the patients, IgG antibodies to B. burgdorferi s. 1. in serum only reached 240 IU/mL, therefore in these patients the intrathecal Al was calculated using a
serum IgG level 702 IU/mL, which was the median value in 32 patients with IgG antibodies > 240 IU/mL, in whom complete dilutions were performed (range

299.4-3838 IU/mL in this group).
Y Borrelia garinii in 5 cases and Borrelia afzelii in 1 case.
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Table 2
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Borrelia burgdorferi s.l. serum antibodies in 64 patients with confirmed Lyme borreliosis™.

Erythema migrans
(N =21)

Intrathecal production of borrelial antibodies (N = 51)

Isolation of borreliae from CSF (N = 6)°

IgMP (N = 37) IgG" (N = 45)

IgM and IgG (N = 31)

IgM and/or IgG (N = 51)

Serum borrelial antibodies:

IgM 12/21 (57%) 22/37 (59%) 21/45 (47%)
1gG* 15/21 (71%) 33/37 (89%) 44/45 (98%)
IgM and IgG 10/21 (48%) 20/37 (54%) 21/45 (47%)
CSF borrelial antibodies:

IgM 11/21 (52%) 37/37 (100%)  34/45 (76%)
IgG 10/21 (48%) 32/37 (86%) 45/45

IgM and IgG 8/21 (38%) 32/37 (86%) 34/45 (76%)

18/31 (58%)
30/31 (97%)
18/31 (58%)

31/31 (100%)
31/31 (100%)
31/31 (100%)

25/51 (49%)
47/51 (92%)
23/51 (45%)

2/6 (33%)
6/6 (100%)
2/6 (33%)

40/51 (78%)
46/51 (90%)
35/51 (69%)

5/6 (83%)
6/6 (100%)
5/6 (83%)

2 No cases of seroconversion among 72 patients who tested negative for IgG borrelial antibodies in CLIA and in whom borrelial serum antibodies were determined

at follow-up examination with the same test.

> Median borrelial IgM Al value 8.3 (1.6-811.4) and median borrelial IgG Al value 10.1 (1.5-146.5).

¢ Borrelia garinii in 5 cases and Borrelia afzelii in 1 case.
3.3. Comparison of groups at the initial visit

The duration of PFP before CSF examination was longer in patients
with possible LB than in those with confirmed LB or PFP of unknown
cause (medians 7, 4, 4 days, respectively).

As shown in Table 3, in comparison with patients with unknown
cause of PFP, patients with confirmed LB were older, more often re-
ported tick bites and more frequently had LB in the past, more often
complained of constitutional symptoms and radicular pain, and more
often had bilateral palsy, but less regularly reported preceding symp-
toms of common cold. Furthermore, in patients with confirmed LB, PFP
presented more often in summer (31/64; 48%), less often in fall (15/64;
23%) and spring (12/64; 19%), and rarely in winter (6/64; 9%),
whereas patients in the other two groups presented more evenly
throughout the year (Fig. 2).

CSF pleocytosis (leukocyte count > 5 x 10%/L) was significantly
more frequent in patients with confirmed LB (40/64; 62% patients vs
24/252; 9.5% in patients with unknown cause of PFP), as were elevated
CSF protein (> 0.45g/L) levels and elevated albumin quotient
(Table 3).

Comparison of patients with possible LB and patients with unknown
cause of PFP found no significant differences, with the exception that
patients in the possible LB group were older, had longer duration of PFP
prior to examination, and were more often treated with antibiotics
(Table 3).

To examine possible differences between the groups we also used
the machine learning approach. The task was to build a statistical
classifier that could separate among pairs of groups (e.g., between pa-
tients with confirmed LB and patients with possible LB). A random
forest classifier showed several distinctions between patients with
confirmed LB and those with possible LB (AUPR = 0.87) and also those
with unknown cause of PFP (AUPR = 0.73). Differences between the
possible LB group and the group with unknown cause of PFP were fewer
and less marked (AUPR = 0.36) and were limited to patient age, CSF
protein level, and albumin quotient. We also evaluated the relative
importance of predictors during the classification process (Fig. 3). The
differences were much more pronounced for CSF parameters than for
other predictor variables such as season or age.

3.4. CSF pleocytosis in patients with unknown cause of PFP and in patients
with possible LB

Elevated CSF cell counts were rare in both these groups. Among 252
patients with PFP of unknown cause, only 24 showed CSF pleocytosis
(9.5%) and the CSF leukocyte count was > 10 cells/mL in only 11/252
(4.4%). The corresponding findings for the group with possible LB were
7/120 (5.8%) and 5/120 (4.2%), respectively. Patients with PFP of
unknown cause who had CSF leukocyte counts > 10 cells/mL reported

more frequent constitutional symptoms than patients without pleocy-
tosis (7/11, 64% vs 70/228, 30.7%; p = 0.029). Bilateral palsy was rare
in both groups (1/252 in patients with Bell’s palsy, 1/120 in the group
with possible LB) and was limited to patients with pleocytosis. In the
group with PFP of unknown etiology and in the group with possible LB,
the duration of symptoms before lumbar puncture was similar in pa-
tients with pleocytosis and in those with a normal CSF cell count: 4.5
(1-21) days vs 4 (0-270) days, p = 0.297 in patients with PFP of un-
known etiology, and 9 (2-47) days vs 7 (0-90) days, p = 0.188 in pa-
tients with possible LB.

3.5. Antibiotic and corticosteroid treatment

Among the 436 patients in the study, 144 (33%) received anti-
biotics. Antibiotic treatment was given to 59/64 (92%) patients with
borrelial PFP (48 ceftriaxone treatment, 11 doxycycline), 52/120
(43.3%) patients with possible LB (22 ceftriaxone, 30 doxycycline), and
33 (13.1%) patients with unknown cause of PFP (27 ceftriaxone, 6
doxycycline). In the latter two groups nearly all patients with pleocy-
tosis but a much smaller proportion of patients with normal CSF cell
counts received antibiotics. Corticosteroids (mostly methylpredniso-
lone) were prescribed in 66/436 (15.1%) patients, including 7/64
(11%) with confirmed LB, 25/120 (20.8%) with possible LB and 34/252
(13.5%) with Bell’s palsy.

3.6. Later course and outcome

Of 299 patients examined at a 2-month follow-up visit, 179 had
tested seronegative for borrelial IgG at the initial examination. Of those
179 patients, 73 patients were retested 2 months later: three with
confirmed LB, 13 with possible LB (the diagnosis was based on the
presence of borrelial IgM antibodies; two patients had CSF pleocytosis)
and 57 with PFP of unknown cause (including seven with CSF pleocy-
tosis); there were no cases of seroconversion among these 73 patients.
Of the retested patients, three patients with confirmed LB (2 with
visible EM at the first examination and in one with the history of EM)
and nine patients with CSF pleocytosis in the other two groups had been
treated with antibiotics, the others not. Unfortunately, serological
follow up with CLIA was not performed in the other 106 initially ser-
onegative patients, including the patient with intrathecal borrelial IgM
antibody synthesis.

Of the 436 patients in the study, 299 (68.6%) attended follow-up
examination two and six months after the first visit: 59/64 (92%) with
confirmed LB, 89/120 (74.2%) with possible LB, and 151/252 (59.9%)
with PFP of unknown cause. During follow-up none of the patients
developed any additional sign suggestive of LB. In 237/298 (79.5%)
patients, regression of PFP was complete six months after its onset ac-
cording to clinical assessment. The percentage of patients with
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Table 3
Baseline data, clinical characteristics, and cerebrospinal fluid findings in patients with peripheral facial palsy of unknown cause in comparison with patients with
confirmed and possible Lyme borreliosis.

DFDR p’ Possible LB PFP of unknown Confirmed LB P’ PEDR
(N =120) cause (N =64)
(N = 252)
Age; median (range) <0.001 <0.001 51.5(16-83) 33 (15-87) 54 (15-79) (N =64) < 0.001 < 0.001
(N =120) (N = 252)
Sex, male 0.276 0.058 56/120 (46.7%) 145/252 (57.5%) 39/64 (61%) 0.672 0.751
Previous LB >0.999 >0.999 6/120 (5%) 12/252 (4.8%) 12/64 (19%) 0.001 0.002
Tick bite (=120 days before PFP)"
1 tick bite 0.893 0.658 22/116 (19%) 42/249 (16.9%) 28/63 (44%) < 0.001 < 0.001
=2 tick bites 0.501 0.145 8/116 (6.9%) 30/249 (12 %) 13/63 (21%) 0.100 0.146
0.122 0.016 14/116 (12.1%) 12/249 (4.8%) 15/63 (24%) <0.001 < 0.001
Common cold (within the past month)* 0.825 0.369 16/112 (14.3%) 47/252 (18.7%) 4/62 (6%) 0.020 0.033
Diabetes mellitus 0.255 0.044 18/120 (15%) 20/252 (7.9%) 6/64 (9%) 0.799 0.867
Exposure to draught/air condition® >0.999 0.816 8/52 (15.4%) 16/113 (14.2%) 2/39 (5%) 0.161 0.219
Duration of PFP before CSF examination (days) <0.001 <0.001 7(0-90) (N=120) 4 (0-270) 4 (0-120) (N = 63) 0.302 0.383
(N = 250)
Treatment with corticosteroids before CSF examination’ 0.501 0.134 25/120 (20.8%) 36/252 (14.3%) 7/64 (11%) 0.548 0.663
Number of patients with bilateral palsy 0.887 0.542 1/120 (0.8%) 1/252 (0.4%) 5/64 (8%) 0.002 0.003
Local symptoms 0.861 0.439 61/120 (50.8%) 117/252 (46.4%) 27/64 (42%) 0.576 0.663
Local paresthesia 0.861 0.453 14/120 (11.7%) 22/252 (8.7%) 9/64 (14%) 0.238 0.312
Facial edema 0.830 0.393 6/120 (5.0%) 8/252 (3.2%) 2/64 (3%) >0.999 > 0.999
Local pain, affected side of face 0.893 0.649 17/120 (14.2%) 42/251 (16.7%) 8/64 (12%) 0.565 0.663
Disturbance of taste 0.887 0.568 24/120 (20.0%) 44/252 (17.5%) 11/64 (17%) > 0.999 > 0.999
Constitutional symptoms >0.999 0.813 37/120 (30.8%) 81/252 (32.1%) 44/64 (69%) <0.001 < 0.001
Malaise 0.887 0.607 7/120 (5.8%) 11/252 (4.4%) 12/64 (19%) <0.001 < 0.001
Fever > 0.999 >0.999 3/119 (2.5%) 8/252 (3.2%) 5/64 (8%) 0.149 0.210
Headache 0.887 0.599 30/120 (25%) 56/252 (22.2%) 28/64 (44%) 0.001 0.002
Vertigo 0.870 0.481 5/120 (4.2%) 17/252 (6.7%) 4/64 (6%) >0.999 > 0.999
Myalgia > 0.999 >0.999 1/120 (0.8%) 2/252 (0.8%) 7/64 (11%) < 0.001 < 0.001
Arthralgia >0.999 >0.999 3/120 (2.5%) 7/252 (2.8%) 9/64 (14%) 0.001 0.002
Radicular pain 0.767 0.323 1/120 (0.8%) 0/252 (0%) 13/64 (20%) < 0.001 < 0.001
CSF leukocyte number (x10°/L) 0.608 0.210 2 (0-28) (N =120) 2 (0-160) 59 (0-886) (N = 64) < 0.001 < 0.001
(N = 252)
> 5 x 10° leukocytes/L 0.767 0.316 7/120 (5.8%) 24/252 (9.5%) 40/64 (62%) <0.001 < 0.001
> 10 x 10° leukocytes/L >0.999 >0.999 5/120 (4.2%) 11/252 (0.4%) 39/64 (60.9%) <0.001 < 0.001
Number of CSF leukocytes (x10°/L; only patients with CSF 0.945 0.721 15 (7-28) (N =7) 10 (6-160) 138.5 (6-886) < 0.001 < 0.001
leukocytes > 5 x 10°/L) (N = 24) (N = 40)
Number of CSF leukocytes (x10°/L; only patients with CSF 0.255 0.047 16 (11-28) (N =5) 40 (11-160) 144 (13-886) 0.002 0.003
leukocytes > 10 x 10°/L) (N=11) (N = 39)
CSF protein concentration >0.999 0.983 0.38 (0.15-0.99) 0.37 (0.17-1.35) 0.61 (0.20-4.06) <0.001 < 0.001
Elevated (> 0.45g/L) 0.887 0.536 (N =120) (N = 252) (N = 64) <0.001 < 0.001
36/120 (30%) 67/252 (26.6%) 46/64 (72%)
Albumin quotient elevated (> 7.4) 0.532 0.168 30/118 (25.4%) 46/245 (18.8%) 40/63 (63%) < 0.001 < 0.001
Number of patients with CSF/serum glucose ratio < 0.5° 0.608 0.224 18/115 (15.7%) 25/236 (10.6%) 27/63 (43%)° < 0.001 < 0.001
Number of patients who came to follow-up examination 2and 6 0.122 0.008 89/120 (74.2%) 151/252 (59.9%) 59/64 (92%) < 0.001 0.002
months after first visit
Number of patients with complete clinical regression of >0.999 0.873 70/89 (78.7%) 116/151 (76.8%) 51/59 (86%) 0.084 0.128
peripheral facial palsy at 6 months after the first
examination
Time (days) to complete clinical regression of peripheral facial 0.490 0.116 30 (7-450) 29 (3-120) 32.5 (5-356) 0.059 0.093
palsy® (N =64) (N =94) (N = 40)
Antibiotic treatment’ <0.001 <0.001 52/120 (43.3%) 33/252 (13.1%) 59/64 (92%) <0.001 < 0.001
Ceftriaxone 22 27 48
Doxycycline 30 6 11

Data for categoric values are presented as number of patients (percentage of group total); data for numeric values are presented as median (range); LB, Lyme
borreliosis; PFP, peripheral facial palsy; CSF, cerebrospinal fluid; pFDR, p-values presented as false discovery rate (FDR) corrected p-values.

@ Comparison of findings in patients with PFP of unknown cause and possible Lyme borreliosis.

> Comparison of findings in patients with PFP of unknown cause and confirmed Lyme borreliosis.

Data were available only for limited number of patients.
Dosage of methylprednisolone varied from 16 mg/day to 64 mg/day, duration of treatment from 5 to 28 days.

¢ In 5/63 patients the CSFglu/Sglu was less than 1/3.

f Treatment approaches were left to the discretion of the treating physician. However according to recommendations, patients with PFP and confirmed Lyme
borreliosis are treated with antibiotics, those with unknown cause of PFP are not, while for the group with possible Lyme borreliosis the recommendations are less
precise; in addition, PFP associated with CSF pleocytosis is indication for antibiotic treatment. Five patients, allocated to the confirmed Lyme borreliosis group, had
not received antibiotics because they were seronegative according to in-house indirect immunofluorescence assay (IFA) which was used during the initial years of the
study, but were found to have intrathecal borrelial antibody synthesis after retesting serum and CSF samples for the presence of antibodies with CLIA. Patients
without LB, who received antibiotics, had mostly pleocytosis (20/33); reported complaints such as headache and occipital pain; or had positive serum borrelial IgG
antibodies determined by IFA, which were later negative with CLIA (4 patients).
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Fig. 2. Seasonal distribution of peripheral facial palsy (PFP) cases in the three
different etiological groups (number of cases). The group with confirmed Lyme
borreliosis (LB) more often presented in summer, less often in fall and spring
and only rarely in winter, while patients in the other two groups presented
more evenly throughout the year.

complete recovery of PFP was highest in the group with confirmed
borrelial infection (51/59, 86%), followed by the group with possible
LB (70/89, 79%), then the group with Bell’s palsy (116/151, 76.8%)
(Table 3). Patients with PFP of unknown cause who had pleocytosis had
complete regression of PFP six months after the first examination more
often than patients with normal CSF leukocyte counts (10/11, 91% vs
100/131, 76.3%; p < 0.001). In contrast, in the group with possible
LB, complete regression at six months was less frequent in patients with
pleocytosis than in those with normal CSF leukocyte count (2/7, 29% vs
68/82, 83%; p = 0.004).

There were no substantial differences between patients who
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received or did not receive methylprednisolone; this was valid for all
patients as well as within individual “etiologic” groups (Table 4). In the
group with confirmed LB, 6/7 (86%) patients who were treated with
methylprednisolone and 45/52 (86%) patients who did not receive
corticosteroids had favorable outcome of PFP (p = 0.660); the corre-
sponding findings in the group with possible LB were 16/23 (70%) vs
54/66 (82%), p = 0.172.

The association of several patient characteristics (age, sex, duration
of PFP, corticosteroid therapy, antibiotic treatment, patient group ac-
cording to PFP etiology) with outcome (favorable or unfavorable) was
assessed using multiple logistic regression. The statistical model ex-
posed age (p = 0.034) and duration of PFP prior to diagnosis
(p = 0.017) as significant predictors for unfavorable outcome, but not
treatment with corticosteroids or antibiotics (Table 5).

4. Discussion

Abnormalities of the cranial nerves are probably the most common
focal nervous system abnormality in Lyme neuroborreliosis, with facial
nerve involvement in about three-fourths of cases (Halperin et al.,
2013, 2008). Facial palsy in LB can present as part of a triad that in-
cludes radicular pain, cranial nerve involvement (most commonly facial
palsy), and lymphocytic pleocytosis in the CSF, or the palsy can be the
sole manifestation of the disease, in which case it is difficult to distin-
guish from Bell’s palsy (Stanek and Strle, 2008; Lotri¢-Furlan et al.,
1999).

In Europe, the proportion of PFP resulting from infection with
Borrelia spp. has been estimated as ranging between 2.2% and 33.3%
(Arnez and Ruzié-Sablji¢, 2010; Bremell and Hagberg, 2011; Kindler
et al., 2016; Ljostad et al., 2005; Lotri¢-Furlan et al., 1999; Peltomaa
et al., 2002; Puhakka et al., 1992). Moreover, because of differences in
the occurrence of LB in examined regions, the dissimilar criteria used
for the definition of borrelial etiology, and different study populations
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Fig. 3. Using a random forest classifier, we evaluated the relative importance of predictors during the classification process. Differences were much more pronounced
for CSF parameters than for other predictor variables such as season and age. CSF, cerebrospinal fluid; L, leucocytes; EM, erythema migrans; LB, Lyme borreliosis;
PFP, peripheral facial palsy. Panel A refers to the classification between confirmed LB and possible LB patients, panel B to the classification among confirmed LB and
patients with PFP of unknown cause, while panel C depicts relative importance of predictors in classification between possible LB and patients with PFP of unknown

cause.
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Table 4

Ticks and Tick-borne Diseases 10 (2019) 398-406

Association of clinical characteristics and outcome of peripheral facial palsy (PFP) at examination 6 months after onset of PFP for all patients and for patients within

individual groups.

Group Outcome Age (years) Sex (male) Duration of PFP (days) Medrol Antibiotic CSF Pleocytosis
All patients (N = 299) Unfavorable 49.03 27/60 14.20 14/60 27/60 12/60
Favorable 43.07 102/236 8.21 34/236 104/236 53/236
p 0.035 0.884 0.242 0.116 > 0.999 0.731
Confirmed LB (N = 58) Unfavorable 52.88 4/8 13.12 1/8 7/8 4/8
Favorable 52.06 18/50 9.10 6/50 49/50 34/50
p 0.946 0.462 0.821 > 0.999 0.259 0.428
Possible LB (N = 89) Unfavorable 53.95 11/19 23.00 7/19 15/19 5/19
Favorable 48.56 37/70 9.74 16/70 31/70 2/70
p 0.384 0.798 0.001 0.244 0.009 0.004
Unknown etiology (N = 151) Unfavorable 45.27 12/33 9.39 6/33 5/33 3/33
Favorable 35.89 47/116 6.91 12/116 24/116 17/116
P 0.006 0.693 0.353 0.234 0.621 0.566

PFP, peripheral facial palsy; CSF, cerebrospinal fluid; LB, Lyme borreliosis; Medrol, methylprednisolone.

Table 5
Factors associated with unfavorable outcome of peripheral facial palsy based on
multiple regression analysis.

Variable OR (95% CI)* p-value”
Age 0.98 (0.96-1.00) 0.032
Sex (male vs female) 1.08 (0.59-1.96) 0.812
Duration of PFP prior to diagnosis (days) 0.97 (0.95-1.00) 0.016
Corticosteroids 0.66 (0.31-1.38) 0.266
Antibiotic 0.96 (0.42-2.24) 0.932
Pleocytosis 0.87 (0.34-2.24) 0.772
Possible LB vs confirmed LB 0.60 (0.21-1.69) 0.331
Unknown cause of PFP vs confirmed LB 0.36 (0.13-1.02) 0.054

OR, odds ratio; CI, confidence interval; PFP, peripheral facial palsy; LB, Lyme
borreliosis.

2 Estimated from multiple logistic model with outcome of PFP as the de-
pendent variable.

b p-value < 0.05 statistically significant; significant p-values are shown in
bold print.

(children vs adults), results are difficult to compare. The proportion of
patients with confirmed borrelial etiology of PFP in the present study
(64/436, 14.7%) is slightly lower than reported for adult patients in
Slovenia more than 15 years ago (22/114, 19.3%) (Lotri¢-Furlan et al.,
1999), and lower than in children from the same region (12/52, 23%)
(Arnez and Ruzic-Sablji¢, 2010); the higher percentage in children than
in adults has been reported previously (Nigrovic et al., 2008; Paydar-
Darian et al., 2017).

Our criteria for diagnosing confirmed LB (presence or reliable his-
tory of EM; intrathecal production of borrelial IgM and/or IgG anti-
bodies; isolation of B. burgdorferi s.l. from CSF; seroconversion to bor-
relial antigens) and possible LB (presence of borrelia IgM and/or IgG
antibody in serum as the only indicator of borrelia infection) are not
completely congruent with those recommended by the EFNS (Mygland
et al.,, 2010). Meeting just 1 of 4 criteria for confirmed LB could be
problematic. For example, since patients with confirmed LB were more
likely to have had prior LB, and since a positive Al can persist for years
after successful LB treatment, it would be possible that some of these
patients were labeled 'confirmed' based on a positive Al from a prior
infection. Although we cannot exclude such possibility, the chances for
misclassification are probably small, because: i) of 51 patients with
intrathecal antibody synthesis of borrelial antibodies 13 fulfilled also
other criteria for confirmed LB (the presence of EM and/or isolation of
borreliae from CSF); and because ii) among 38 patients in whom the
only fulfilled criterion of LB group was positive Al only five had LB in
the past and none of them had Lyme neuroborreliosis, i.e. all of them
had solitary EM without extracutaneous manifestations of LB.

Adult patients with Bell’s palsy benefit from timely corticosteroid
treatment (Sullivan et al., 2007; Engstrom et al., 2008) but such
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treatment may be harmful for patients with LB (Jowett et al., 2017;
Wormser et al., 2018), therefore one of the main aims of the present
study was to assess whether we could distinguish patients with borrelial
PFP from patients with Bell’s palsy early in the course of the disease
using an approach as simple as possible. Our study has confirmed the
findings of some previous reports in which presentation in summer
(Bremell and Hagberg, 2011; Kindler et al., 2016), constitutional
symptoms, and history of tick bite(s) in the four months prior to PFP
(Lotri¢-Furlan et al., 1999) indicate the borrelial etiology of PFP. As in
other studies (Bremell and Hagberg, 2011; Kindler et al., 2016), the
combination of PFP and radicular pain was highly specific for LB but
was rare. LB is also considered one of the few causes of bilateral PFP
(others being sarcoidosis and Guillain-Barre syndrome) (Halperin et al.,
2013), which in the present study was found much more commonly in
patients with confirmed LB than in the other two groups (5/64; 8% vs
2/372, 0.5%; p < 0.001).

However, our study also included 7/64 (11%) patients with con-
firmed LB without any suggestive history (no tick bites in the past four
months, no history of EM) and with PFP as an isolated clinical mani-
festation (no constitutional symptoms and/or radicular pain or EM at
presentation). Without serologic testing for B. burgdorferi s.l., corticos-
teroid treatment would most probably be given to these patients (if they
presented within the first 72h after PFP onset) instead of antibiotics,
since Bell’s palsy would be suspected. This confirms that in an LB en-
demic area a laboratory search for B. burgdorferi s.l. infection is needed
in patients with PFP without other explanation.

Considerable debate has focused on the need for CSF examination in
patients with suspected Lyme neuroborreliosis, particularly in those
with PFP (Halperin, 2008). In Europe, positive CSF results are required
for a diagnosis of Lyme neuroborreliosis (Mygland et al., 2010; Stanek
et al., 2011), but in the USA diagnostic lumbar puncture is not always
required (Halperin et al., 2013; Kowalski et al., 2011). As expected from
the findings of earlier studies (Bremell and Hagberg, 2011; Lotric-
Furlan et al., 1999), CSF pleocytosis in the present study was sig-
nificantly more frequent in patients with confirmed LB (62%) than in
patients with PFP of unknown etiology (9.5%) or possible LB (5.8%);
CSF protein levels and CSF/serum albumin quotients were also higher
in confirmed LB. Moreover, CSF parameters were the most important
variables for confirmed LB infection in the prediction model (random
forest classifier), with much more weight than the non-CSF variables
such as season, tick bites, constitutional symptoms, radicular pain, or
bilateral facial palsy. Lymphocytic pleocytosis was confirmed in all
patients with bilateral palsy (also in one patient with PFP of unknown
origin and one with possible LB), indicating that in the case of bilateral
facial palsy a more “generalized” nervous system involvement is pre-
sent.

Although there were considerable differences between patients with
borrelial PFP and those with PFP of unknown origin, the patients with
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possible LB, in whom the only finding that suggested LB was the pre-
sence of borrelial antibodies in serum, did not differ significantly from
those with PFP of unknown origin, apart from age and duration of PFP
prior to examination.

A considerable proportion of the population living in LB endemic
areas has positive serology for B. burgdorferi s.l., and the percentage of
patients who tested positive for borrelial IgG antibodies in the groups of
patients with possible LB and PFP of unknown cause combined (85/
372, 22.8%) was only slightly higher than the percentage of IgG ser-
opositive healthy Slovenian blood donors determined with the same
test (9/49, 18%) (Cerar et al., 2006), therefore it is most likely that
positive borrelial serology in patients with possible LB reflects prior
(asymptomatic) infections, thus implying that the PFP is not due to LB,
as was also suggested in a Swedish study (Bremell and Hagberg, 2011).
Higher age in patients with possible LB is also in concordance with
higher background seropositivity in an older population in LB endemic
areas (Halperin et al., 2013).

In the present study, CSF pleocytosis was present in 9.5% (24/252)
of the patients with PFP of unknown etiology, which corroborates
findings from other studies reporting that 3-20% of patients with Bell’s
palsy have elevated CSF cell counts (Lotri¢-Furlan et al. (1999) 15.9%,
Bremell and Hagberg (2011) 20%, Kohler et al. (1999) 5.2%, Ljgstad
et al. (2005) 3%). However, in our patients CSF pleocytosis was mild —
fewer than half the patients with PFP of unknown etiology and pleo-
cytosis had > 10 cells/mL. There were no cases of seroconversion in a
subset of patients in whom borrelial antibodies were assessed using the
same test 6-8 weeks after the first examination. Given that PFP may
occur very early in the course of LB before any measurable antibody
response, and since serologic response in such patients may not develop
because of early antibiotic treatment (Halperin et al., 2013) and also
because all our patients with pleocytosis were treated with antibiotics
for LB, we could speculate that in some of these patients the PFP might
be due to B. burgdorferi s.l. infection. However, in the group with PFP of
unknown etiology the duration of symptoms before presentation and
lumbar puncture was not shorter in patients with pleocytosis than in
those with normal CSF cell counts and was similar to the duration in the
group with confirmed borrelial infection.

Six months after the first examination, complete clinical remission
of PFP was achieved in 86% of the patients with confirmed LB, which is
in broad agreement with previous studies (Ljgstad et al., 2005; Lotric-
Furlan et al., 1999) and was higher than in the possible LB group and in
the group with PFP of unknown origin. However, significantly fewer
patients with PFP of unknown origin came to the follow-up examina-
tion compared with patients with confirmed LB. It is quite possible that
patients who had a persistence of PFP were more likely to come to
follow up than those whose condition improved, and that the propor-
tion of patients with favorable outcome of PFP who attended follow up
was lower in the group with PFP of unknown origin than in those with
confirmed LB who were afraid of developing other manifestations of LB.
Such a bias might explain the smaller proportion of improvements in
the group of patients with PFP of unknown origin as found in our study.

The effect of corticosteroid treatment in PFP patients with borrelial
infection remains uncertain. Corticosteroids decrease inflammation, but
can also depress the immune system and increase the spirochete load
(Hohman and Hadlock, 2014). In the present study, which was not
designed for assessment of the influence of corticosteroids on the course
and outcome of PFP, the outcome in the small subset of patients with
confirmed LB who were treated with corticosteroids before antibiotics
was similar to the outcome in other patients with confirmed LB, sug-
gesting no detrimental effect of corticosteroids on the outcome, but the
number of these patients was definitely too small for a firm conclusion.
In the present study, the proportion of patients receiving corticosteroids
was low not only in patients with confirmed borrelial etiology of PFP
but also in the other two groups. There are several nonexclusive reasons
for the low proportion. One is that our study began in 2006 while re-
liable reports on the efficacy of corticosteroids were published in 2007
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and 2008 (Engstrom et al., 2008; Sullivan et al., 2007). The other is that
duration of PFP before the initial examination at our outpatient clinic
was rather long, i.e. median 7, 4, 4 days in patients with possible LB, in
those with confirmed LB, and in PFP of unknown cause, respectively;
thus, the majority of patients did not fulfill time criterium (72h) for
corticosteroid treatment. Furthermore, since LB is endemic in Slovenia
and the results of corticosteroid treatment in patients with LB are not
known, we were more careful in prescribing corticosteroid treatment.

An explanation for a curious observation that in the group of pa-
tients with possible LB the proportion of unfavorable outcome was
higher in patients treated with antibiotics than in those who were not
given antibiotics (15/19, 79% versus 31/70, 44%; p = 0.009; Table 4)
could have been that those receiving antibiotics were less likely to get
steroids, and therefore had worse outcomes. However, as shown in
Table 4, there was no significant difference in the proportion of patients
receiving steroids in these two subgroups (7/19 versus 16/70,
p = 0.244.) as there were no significant difference in the proportion of
patients receiving steroids in the antibiotic treated group in comparison
to those without antibiotic treatment (13/46 versus 10/43; p = 0.384).
Yet, patients with unfavorable outcome were older and had sig-
nificantly longer duration of PFP prior the first examination at our
outpatient clinic. The later covariates were found to be associated with
the outcome of PFP (Table 5).

Our study has several limitations. In the majority of patients the
etiology of PFP is unknown. However, the proportion of patients with
idiopathic origin depends upon diagnostic approaches used to ascertain
potential etiology. Routine clinical management usually do not include
laboratory search for PFP causes, with the exception of testing for
borrelia infection in LB endemic regions; and even studies usually do
not include molecular diagnostics to determine possible viral etiologies.
In the present study, stored CSF samples of the majority of patients (364
of 437) were tested for the presence of HSV-1, HSV-2, or VZV DNA.
Very small number of diagnosed cases (only 1 out of 364 tested CSF
samples was VZV positive by PCR) suggests that viral diagnostics had
no real impact, and that extrapolation of the negative findings to the
rest of our patients, in whom viral diagnostics had not been done, was
rather safe. Additional limitation of the present study was that the
computer search for initial case identification cannot ensure complete
case capture. Moreover, although the diagnostic approach in patients
with PFP has been partly standardized, the collection of data was based
on the review of medical records and some relevant data could have
been missed as they were gathered from the patient documentation
only. Furthermore, the degree of PFP was not evaluated with an ob-
jective scale; consequently, we were not in a position to assess the se-
verity of PFP at presentation with any precision. This drawback could
influence the accuracy of the follow-up data. Our findings on the course
and outcome of PFP are also limited by the relatively short time of
follow up, as some adverse events, such as postparalysis synkinesis
which were in our study also not specifically sought for, does not
usually become apparent until several months following nerve insult
(Kanaya et al., 2009).

Although our outpatient clinic for PFP has been active for more than
50 years and is well recognized, several patients with PFP are also seen
by neurologists or ear, nose, and throat specialists. Thus, the findings of
the present study cannot be simply extrapolated to all Slovenian po-
pulations of patients with PFP, as it is possible that patients referred to
the clinic, which is staffed by infectious disease specialists, are already a
selected group. Nevertheless, our findings are applicable to European
regions with similar incidence rates and comparable ratios of Borrelia
species causing LB but may not entirely pertain to other European re-
gions or to North America, where LB is nearly exclusively caused by B.
burgdorferi sensu stricto, a species that rarely causes LB in Europe.

From the laboratory perspective, demonstration of borrelial infec-
tion based on IgM antibodies might be of limited value (Stanek et al.,
2014); the fact that 40.5% of patients with a positive borrelial IgM
index had specific IgM antibody levels in serum below the cut-off value
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strongly supports this limitation. In the present study this did not in-
fluence categorization of patients into the group with confirmed LB (the
large majority of these patients also had an IgG antibody response and/
or other reliable indication of borrelial infection), but it might have had
an impact on the group with possible LB, since in some patients allo-
cation to this group was based solely on the presence of borrelial IgM
antibodies in serum.

In conclusion, in Slovenia, a highly endemic LB region, approxi-
mately 15% of adult patients with PFP had proven LB and an additional
28% had borrelial antibodies in serum as the sole indication of borrelial
infection. Patients with proven LB differed in several parameters from
patients with unknown cause of PFP, whereas those with borrelial an-
tibodies in serum as the sole indication of borrelial infection were si-
milar to the patients in whom the cause of PFP remained unknown. This
similarity is in concordance with the absence of development of other
manifestations of LB within six months after the onset of PFP in patients
who were and who were not treated with antibiotics for LB, suggesting
that in the majority of patients who fulfilled criteria for possible LB the
borrelial antibodies were probably not associated with the current PFP.
Consequently, in such patients treatment approach with corticosteroids
as used in patients with Bell’s palsy is probably safe.

CSF parameters were the most important variables for confirmed LB
infection in the prediction model, with much more weight than non-CSF
variables such as season, tick bites, constitutional symptoms, radicular
pain, or bilateral facial palsy. The outcome, measured as complete
clinical restitution of PFP, was most favorable in the group with proven
LB (88%) followed by the possible LB group (79%) and patients with
Bell’s palsy (77%). The statistical model using multiple logistic re-
gression exposed age and duration of PFP prior to diagnosis as sig-
nificant predictors for unfavorable outcome; patient sex, corticosteroid
therapy, antibiotic treatment, and patient group were not significant.
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