Journal of Ophthalmology (Ukraine) - 2019 - Number 1 (486)

Cranial nerve lll and/or VI function abnormalities associated with active
herpesvirus infection: Clinical experience and literature review

I.G. Vasilyeva, Cand Sc (Biol); V.N. Zhdanova, Cand Sc (Med); N.G. Chopik, Cand Sc (Biol);
T.A. Makarova, Jun Res Fellow; E.S. Galanta, Res Fellow; O.l. Tsiubko, Res Fellow

Romodanov Neurosurgery Institute,
Kyiv (Ukraine)

E-mail: vigvasileva@gmail.com

Keywords:
oculomotor abnormalities, herpesviruses

Background: The field of oculomotor abnormalities (OMA) is of clinical and
social importance. There is a group of OMA of unknown etiology.

Purpose: To investigate the presence of DNA of herpesviruses venous blood of
patients with OMA resulting from lesions of cranial nerves (CN) III and/or VI.
Materials and Methods: Thirty-five patients with OMA of unknown etiology
underwent examination. Whole venous blood samples were collected for detection
of herpes simplex virus type 1/2 (HSV1/2), cytomegalovirus (CMV), Epstein Barr
virus (EBV), human herpes virus 6 (HHV6), HHV7, varicella-zoster virus (VZV),
and HHVS DNA using polymerase chain reaction.

Results: HHV7 was most common (16 patients; 45.7%), followed by EBV (5;
14.3%), HHV6 (2; 5.7%), HSV1/2 (1 patient) and CMV (1 patient). Eight patients
(22.8%) were found to have two viruses. Of these, 6 had both EBV and HHV7,
one had both EBV and HHV6, and one had both HHV6 and HHV'7. In addition, 2
patients (5.7%) were found to have three viruses, EBV, HHV6, and HHV'7.
Conclusion: For patients with OMA of unknown etiology, the venous blood
should be tested by PCR for herpesviruses.

Introduction

Oculomotor abnormalities (OMA) are most common
in young adults of working age. In Ukraine, approximately
50 thousand children are newly diagnosed with strabismus
every year. The prevalence of strabismus in children has
been reported to vary from 0.5% to 3.5% across studies [1,
2]. Neuroimaging methods, brain computed tomography
(CT) and magnetic resonance imaging (MRI) enabled
clinicians to improve the diagnosis of central nervous
system (CNS) diseases, including OMA. There is,
however, a group of OMA of unknown etiology, although
its share declined from 30% in nineteen sixties to 10-
20% in nineteen seventies-eighties and 4-6% in nineteen
nineties [3]. It is believed that a portion of cases with
OMA of unknown etiology is caused by viral infections
of cranial nerves (CN). The introduction of nucleic acid
amplification technologies in ophthalmology made it
possible to demonstrate that infection with herpes viruses
is a common cause of these diseases [4, 5].

There have been reports on the molecular mechanisms
of inoculation, dissemination, persistence, latency and
reactivation of viruses in inflammatory processes in the
ocular tissue. It has been demonstrated that human herpes
virus 6 (HHV6) and other herpes viruses may cause
inflammatory processes, uveitis and endophthalmitis [6].
Gonsalez-Gonsalez et al [7] found that herpes viruses
accounted for 7% of all scleritis cases. Herpesviruses are
transported along cranial nerves (CN). After inoculation of
the cornea, viral antigen was found in ocular nerves [8].
One to three days later antigen was also found in the iris,
ciliary body and choroid/sclera [9] suggesting that virus

spread to these tissues occurred via their nerve supply
[8]. After inoculation of the snout, virus was isolated
from ophthalmic and maxillary parts of the trigeminal
ganglion and the superior cervical ganglion and then from
the brainstem, eye and mandibular part of the trigeminal
ganglion [8]. In the hamster infection model [10], at
96 hours after conjunctival inoculation with EHV-9,
encephalitis was observed in the brainstem at the level of
the pons and cerebellum. The results suggested that EHV-9
invaded the brain via the trigeminal nerve in addition to the
abducent (CN VI), oculomotor (CN III), and facial nerves.

A feature of herpesviruses is their ability to remain
latent in the body lifelong. Trigeminal ganglia are known
as sites of latent infection by herpes [11]. In remission, only
latency-associated transcripts were detected in the ocular
tissues [11]. Although the mechanisms of reactivation
of the viruses have not been identified, the presence of
immunosuppressive state is believed to be an important
precondition for viral reactivation [11, 12]. Replication
in the cornea of reactivated virus from trigeminal ganglia
produces epithelial lesions, with inflammation due to
attraction of immune cells [13].

Cranial nerves are not only the pathways along which
viruses are transported from one tissue to another, but
are also sites of pathological changes resulting in their
dysfunction [8, 14-17]. The mechanisms of viral injury
to CN cells have not been fully elucidated yet; there have
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been, however, case reports confirming the association
between cranial nerve injury and herpetic infection, with
an adequate antiviral therapy resulting in improvement or
complete restoration of CN function [15-17].

In spite of some advances in understanding the
mechanisms of ocular infection with herpes viruses, there
are only isolated studies addressing the investigation of
virus-related oculomotor abnormalities. Most studies
address the investigation of virus-induced inflammatory
response in the ocular tissue.

The purpose of the study was (1) to investigate the presence
of DNA of herpes simplex virus (HSV)1/2, cytomegalovirus
(CMV), Epstein Barr virus (EBV), varicella-zoster virus
(VZV), human herpes virus (HHV)6, HHV7, and HHVS in
venous blood of patients with OMA related to lesions of CN
I and/or VI, and (2) to generalize the data from the studies
addressing the investigation of tropicity of herpes viruses and
their cytopathic effect on nerve tissue.

Materials and Methods

Medical records of 35 patients that visited the
Romodanov Neurosurgery Institute for OMA during 2016
to 2018 were subjected to analysis. Patients underwent
clinical-and- neurological, and neuro-ophthalmological
examination and neuroimaging studies (brain MRI or CT).

No neurosurgical disorder was found in any patient.
Inclusion criteria were the presence of CN III and/or CN
VI lesions, and absence of neurosurgical or endocrine
disorders or autoimmune processes.

Whole venous blood samples were collected for
detection of HSV1/2, CMV, EBV, HHV6, HHV7, VZV,
and HHV8 DNA using polymerase chain reaction (PCR).
An Ampliprime DNK-sorb kit was used to isolate DNA
from blood samples. A classic PCR was performed using
a GenPak PCR-core kit (Isogene, Russia). The reagents
used were agarose (Amresco, Solon, OH, USA), Trilon B
(Riedel-de Haén AG, Seelze, Germany), Tris (Amresco),
and ethidium bromide (Sigma). PCR amplification was
performed in a Tertsik PCR system (DNK Tekhnologiya),
and 2% agarose gel electrophoresis and ViTran software
were used to visualize PCR amplification products.

Fischer’s exact test was used to assess the significance
of the difference in sign frequency among comparison
groups. The study protocol was approved by the Ethics
Committee of the Romodanov Neurosurgery Institute.

Results and Discussion

The most common presenting complaint was diplopia
(33 patients; 94.3%). In addition, patients complained of
cosmetic concerns with regards to convergent strabismus
(23 patients; 65.7%), divergent strabismus (8 patients;
22.95%), and ptosis (6 patients; 17.1%). Two (5.7 %)
patients had ptosis without diplopia.

The study cohort included 20 (57.14%) women and 15
(42.86%) men. The patients’ age ranged from 4 to 67 years
(mean age, 31.2+14.4 years), i.e., the bulk of patients were
adults of working age. In addition, there were 9 (25.7%)
children aged 4 to 14 years. Oculomotor abnormalities

were caused by unilateral (30 patients; 85.7%) or bilateral
(5 patients; 14.3%) abnormalities in the function of CN III
and/or CN VL.

Isolated CN III lesion was found in 5 patients (2 cases
of right CN III lesion and 3 cases of left CN III lesion). All
the five had a partial loss of CN III function. Of these, 2
children had a superior rectus paresis, one had an inferior
rectus paresis, and one had an isolated second-degree
ptosis. A woman of 24 years had a left second-degree ptosis
and partial inferior rectus paresis. It is noteworthy that four
(80%) of these five were children (girls) of 4 to 7 years.

Another 5 patients had simultaneous lesions of CN III
and VI (3 men with bilateral lesions and 2 women with
right simultaneous partial lesions of CN III and VI).

Herpesviruses were found in all the 10 patients with
isolated CN III lesions or simultaneous lesions of CN III
and VI. Of these, 4, 1, 2, 1 and 1 had HHV7 only; EBV
only; HHV7 and EBV; HHV6 and EBV; HHV6, HHV7,
and EBV; and HSV1/2, respectively (Table 1).

Isolated abnormalities in the function of CN VI were
found in 25 patients (13 and 10 had right-side and left-
side abnormalities, respectively, and 2 had partial bilateral
neuropathy). In these patients, abnormalities varied from
paralytic convergent strabismus and absence of ocular
motility to partial ocular motility defect (restricted lateral
gaze). In addition, of these patients, 3 were children (girls
aged 6 and 9 years and a boy aged 12 years), and they had
complete CN VI dysfunction.

Of the patients with abnormalities in the function of CN
VI, 12,2, 4, 1,4, 1, and 1 had HHV7 only; HHV6 only;
EBV only; CMV only; HHV7 and EBV; HHV6 and HHV7,
and HHV7, HHV6, and EBV, respectively (Table 2).

The identification of etiology of CN dysfunction
facilitated the selection of the strategy for further treatment
of patients and provided for the improvement in their
quality of life. All patients showed partial or complete
resolution of OMA after etiotropic treatment.

Twenty-nine  (82.86%) patients had complete
resolution of functions of affected cranial nerves. Of these,
25 (86.2%) were found to have no herpesviruses in their
blood, and 4 did not undergo blood tests for herpesviruses
after treatment (Tables 1 and 2).

Six patients showed partial resolution of OMA after
treatment. Of these, 3 men (of 27, 34 and 67 years) had
simultaneous bilateral lesions of CN III and VI at baseline,
and were found to have HHV7 in their blood both before
and after treatment. In addition, a 34-year-old woman
with pre-treatment simultaneous lesions of CN III and
VI associated with the presence of HSV1/2 in her blood
did not undergo blood tests for herpes viruses after
treatment. Moreover, after treatment, a 4-year-old girl
with a pre-treatment right partial CN III lesion (superior
rectus paresis) caused by EBV, HHV6, and HHV7, (1)
showed an improvement in CN III function abnormality,
with improvements in vertical strabismus, loss of upward
gaze, and the degree of diplopia, and (2) was found to have
HHV6 and HHV7, but not EBV in the venous blood (Table
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1). Furthermore, after treatment, a 28-year-old man with
a pre-treatment right CN VI lesion associated with the
presence of EBV, HHV6, and HHV7 in his venous blood,
(1) showed an improvement in loss of CN VI function, and
(2) was found to have HHV6 and HHV7, but not EBV in
his venous blood (Table 1). The duration of OMA in these
6 patients exceeded 5 years (Table 2).

In venous blood samples of patients with OMA related
to simultaneous lesions of CN III and VI, HHV7 was more
common compared to HHV6, EBV, HSV1/2, and CMV
(P2t =0.49*%10-4; P2t = 0.95%¥10-2; P2t = 0.59*10-7; and
P2t = 0.59*10-7, respectively) (Tables 1, 2).

There was no significant difference in incidence of the
presence of HHV7 in venous blood between patients with
OMA related to isolated lesions of CN III and those with
OMA related to simultaneous lesions of CN III and VI
(P2t =0.58) or those with OMA related to isolated lesions
of CN VI (P2t =0.62). The same was true with regard to
incidence of the presence of HHV6 (P2t =0.22, P2t =0.29,
respectively) or EBV (P2t =0.30, P2t =0.36, respectively).
There was no significant difference in incidence of co-
infections with several herpesviruses between patients
with OMA related to isolated lesions of CN III and those
with OMA related to simultaneous lesions of CN III and
VI (P2t =0.29) or those with OMA related to isolated
lesions of CN VI (P2t =0.14) (Tables 1 and 2).

Biological characteristics of beta- herpesviruses HHV7
and HHV6, gamma-herpesvirus EBV and the capacity of
these viruses to infect cranial nerves

HHV7 and HHV6 which were found in the venous
blood of patients with OMA belong to the betaherpesvirus
subfamily. It is believed that 90% of children infected
with these viruses become infected during the first three
years of life. Primary infection occurs through the oral
cavity, where the virus replicates in the salivary glands,
tonsils or cervical lymph nodes [18, 19]. The growth cycle
lasts several days and is followed by a lifelong persistent
infection; these tissues act as a depot for the storage of
viruses [20, 21]. HHV7 and HHV6 can disseminate
through the body during primary infection or reactivation
under conditions of poor immune control. Systemic
dissemination occurs via bloodstream and along lymphatic
vessels through the interaction of mononuclear cells of
peripheral blood and adhesion of these cells to endothelial
cells. HHV7 and HHV6 enter the central nervous system
through the olfactory pathway without crossing the blood-
brain barrier [14]. This may result in the development of
secondary infection, acute or latent, in various organs [9,
22-29]. Cases of acute HHV7 encephalitis involving the
nucleus of the VI cranial nerve in an immunocompetent
host [30] and multiple involvement of cranial nerves by
HHV7 [15] have been reported.

CD46, a member of the complement regulatory protein
(CPR) family, is a ubiquitously expressed membrane-
bound glycoprotein in humans; HHV6 uses CD46 as a
receptor mediating membrane fusion with host cells [21].
In addition, this protein prevents complement activation

on autologous cells [31]. Elevated CD46 expression
on infected T cells contributes to their resistance to
complement-dependent cytotoxicity [32, 33]. There are
also other immune modulation mechanisms enabling
suppression of immune responses in infection: activation
of CD4+ and CD8+ T cell proliferation [34-36]; activation
of expression of the cytokines that inhibit IL-2 synthesis by
activated T cells, and subsequent deactivation of T cells;
suppression of the growth and differentiation of marrow
progenitors; and reduction of HLA class I expression on
dendritic cells [34, 37]. It has been demonstrated that,
without viral replication, HHV7, HHV6A and some strains
of HHV6B can induce cell-cell fusion between cells
expressing human CD46 [38, 39].

Studies [40] have shown that HHV7 and/or HHV6
displayed cytopathic effects, and acute in vitro HHV7
and/or HHV6 infection induced the formation of giant
multinucleated syncytia, which eventually underwent
necrotic lysis. In addition, apoptosis, another cytopathic
effect, was observed in the cells infected with viruses.
Infection with HHV6 activates the apoptotic pathway,
p53/p21WAF. The apoptotic activation pathway in cells
infected with HHV7 is less marked than in those infected
with HHV6 [40]. Since nerve cells, astrocytes and
oligodendrocytes, also express CD46, they may become
infected with HHV6 and HHV7. It had been shown
that infected T cells transfer viruses to astrocytes and
oligodendrocytes through the interaction between viral
glycoproteins expressed on the membrane of the infected
cells and CD46 on the glial targets. These data suggest a
mechanism that involves cell-cell fusion by which certain
viruses could spread the infection from the periphery to
the cells in the CNS [41]. In vitro infected cells display
characteristic cytopathic effects including the formation
of syncytia. The viral particles newly synthesized in
the infected cell do not change the type of this cell.
Herpesviruses are capable of re-infecting T cells and
primary astrocytes [42].

Over 95% of adults are infected with Epstein—Barr virus
(EBV) that belongs to the gammaherpesvirus subfamily;
most infections occur in young children. The virus affects
B lymphocytes [43] and epithelial cells [44]. EBV binds
to B-lymphocytes via a viral glycoprotein receptor,
gp350/220 which interacts with the complement receptor
CD21 (or CR2) [45]. The findings of a recent study [46]
suggest that CD35 is another receptor for EBV gp350/220.
The precise mechanism of EBV infection of CNS cells has
yet to be elucidated. Previously suggested mechanisms
include direct viral invasion, secondary autoimmune
response, and the mechanism mediated through immune
system responses [47-49]. Primary EBV infection causes
infectious mononucleosis [50]. Thereafter, the virus
generally establishes asymptomatic lifelong persistence
in immortalized B lymphocytes. In some cases, most
commonly, in the presence of the trigger, EBV may be
reactivated and cause other disorders including cancers
and CNS disorders [51, 52]. It has been reported that the
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rate of neurological complications in EBV infections was
7% [53-56]. In addition, cases of isolated CN lesions like
unilateral or bilateral facial nerve lesions associated with
Epstein-Barr virus infection [16], and CN IV lesion with
bilateral acute retinal necrosis following HHV6 and EBV
infection of the CNS [17] have been reported.
Herpesviruses are the second most common viral
infection in humans after the flue. Most herpesvirus
infections, however, run a benign or asymptomatic
course. Severe herpesvirus infections can occur under
immunosuppressive conditions like stress, trauma or other
infection. Any individual is at risk of activation of these
latent infections. EBV, HHV6, HHV7 have high tropism to
cranial nerves (including CN III and VI) which advocates
for testing of blood for these viruses in the presence of
oculomotor abnormalities of unknown etiology. This is
confirmed by the fact that our study patients showed partial
or complete resolution of OMA after etiotropic treatment.

Conclusion

Herpesviruses DNA was detected in venous blood of
patients with OMA related to CN III and/or VI lesions of
undetermined etiology. HHV7 was most common (45.7% of
patients), followed by EBV (14.3%), HHV6 (5.7%), HSV1/2
(1 patient) and CMV (1 patient). Eight patients (22.8%)
were found to have two viruses. Of these, 6 had both EBV
and HHV7, one had both EBV and HHV6, and one had both
HHV6 and HHV7. In addition, 2 patients (5.7%) were found
to have three viruses, EBV, HHV6, and HHV7.

Normalization of CN functions and resolution
of oculomotor abnormalities were accompanied by
elimination of viral DNA from blood.

For patients with CN III and/or VI dysfunction of
unknown etiology, the venous blood should be tested
by PCR for herpesviruses after excluding neurosurgical
pathology.
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Table 1. Herpesviruses in blood of patients with oculomotor abnormalities (either isolated CN Il lesions or simultaneous CN
Il and CN VI lesions) before and after treatment

Presence or

N Age |Gen- Before and after - . Treatment
nin| (years) | der Affected nerve antiviral therapy Viruses absence of viral outcome
DNA in blood
) Before HHV-7 +
1 24 w | Left CN IIl, partially
After HHV-7 0 NF
EBV +
. Before HHV-7 +
2 6 w | Left CN llI, partially
After EBV 0 NF
HHV-7 1]
EBV +
. Before HHV-6 +
3 6 w | Left CN llI, partially
After EBV 0 NF
HHV-6 0
) Before EBV +
4 7 w | Left CN IIl, partially
After EBV 0 NF
EBV +
Before HHV-6 +
) ) HHV-7 +
5 4 w | Right CN lII, partially
EBV 0
After HHV-6 + ICF
HHV-7 +
) . Before HHV-7 +
6 27 m | CN Il and VI, partially, bilaterally
After HHV-7 + ICF
Before HHV-7 +
7 34 m |CN Il and VI, partially, bilaterall
p Y, Y| No blood test was HHV-7 i ICF
performed after therapy
) ) Before HHV-7 +
8 67 m | CN Il and VI, partially, bilaterally
After HHV-7 + ICF
Before HSV-1/2 +
9 34 w |Right CN Ill and VI, partially No blood test was
- ICF
performed after therapy
EBV +
. . Before HHV-7 +
10 52 w |Right CN Ill and VI, partially EBV ;
After HHV-7 i NF
Note: +, presence of viral DNA in blood; 0, absence of viral DNA in blood; NF, normalized CN function; ICF, improvement in
CN function
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Table 2. Herpesviruses in blood of patients with oculomotor abnormalities (isolated CN VI lesions) before and after treatment

Age Before and after FRESETE O Treatment
No. ( egrs) Gen-der | Affected nerve antiviral thera Viruses absence of viral outcome
y Py DNA in blood
1 2 3 4 5 6 7 8
) Before HHV-7 +
1 42 w Right CN VI
After HHV-7 0 NF
i Before HHV-7 +
9 39 m R|ght CN VI,
partially After HHV-7 0 NF
Before HHV-7 +
3 46 w Left CN VI
After HHV-7 0 NF
Left CN VI Before HHV-7 +
4 29 m . ’
partially After HHV-7 0 NF
Before HHV-7 +
5 52 w Left CN VI
After HHV-7 0 NF
Left CNVI, Before HHV-7 +
6 32 w partially, and right
CN VL. partially After HHV-7 0 NF
) Before HHV-7 +
7 47 w Right CN VI
After HHV-7 0 NF
) Before HHV-7 +
8 58 w Right CN VI
After HHV-7 0 NF
Before HHV-7 +
9 12 m Left CN VI
After HHV-7 0 NF
) Before HHV-7 +
10 9 w Right CN VI
After HHV-7 0 NF
Before HHV-7 +
1 25 w Left CN VI
After HHV-7 0 NF
i Bef HHV-7 +
12 35 m nght CN VI, etore
partially After HHV-7 0 NF
Before EBV +
13 14 m Left CN VI
After EBV 0 NF
i Bef EBV +
14 62 w nght CN VI, etore
partially After EBV 0 NF
) Before EBV +
15 50 w Right CN VI
After EBV 0 NF
Before EBV +
16 19 m Left CN VI
After EBV 0 NF
Before HHV-6 +
17 7 m Left CN VI
After HHV-6 0 NF
Before HHV-6 +
18 6 w Left CN VI
After HHV-6 0 NF
) Before CMV +
19 62 m Right CN VI
After CcMmV 0 NF
Before HHV-6 ¥
i HHV-7 +
20 24 m Eé?'tr:;llc;N B HHV-6 0
After HHV-7 0 NF

Note: +, presence of viral DNA in blood; 0, absence of viral DNA in blood; NF, normalized CN function; ICF, improvement in
CN function
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Tabnuua 2 (npogomxkeHune). Bupycel repneca B kposu nauvexTos ¢ IAH (VI YH) B anHamuke

Age Before and after HREREED ELF Treatment
No. ( egrs) Gender Affected nerve antiviral thera Viruses absence of viral outcome
y Py DNA in blood
1 2 3 4 5 6 7 8
EBV +
. Before HHV-7 +
21 42 m Right CN VI
After EBV 0 NF
HHV-7 1]
Bef HHV-7 +
Left CN VI, efore EBV +
22 31 w partially, and right No blood test HHV-7 ]
CN VI, partially was performed NF
EBV -
after therapy
Before EBV *
Right CN VI, HHV-7 *
23 42 w . No blood test
partially EBV -
was performed NF
HHV-7 -
after therapy
Before EBV *
HHV-7 +
24 24 m Right CN VI No blood test
EBV -
was performed NF
HHV-7 -
after therapy
EBV +
Before HHV-7 +
. HHV-6 +
25 28 m Right CN VI EBV "
After HHV-7 0 ICF
HHV-6 +

Note: +, presence of viral DNA in blood; 0, absence of viral DNA in blood; NF, normalized CN function; ICF, improvement in
CN function
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