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A B S T R A C T

Postherpetic neuralgia (PHN) is the most common complication of shingles caused by reactivation of varicella
zoster virus (VZV). Management of PHN is often suboptimal while using current conventional treatments.
Antiviral therapy was used to reduce PHN-associated pain in two small trials which showed conflicting results.
We hypothesize the analgesic efficacy of antiviral therapy on PHN is affected by patient characteristics including
pathophysiology of the participants and serum vitamin D levels. Pathophysiology of PHN includes neuronal
excitability and chronic VZV ganglionitis (persistent active VZV infection in ganglions). VZV-DNA positivity or a
positive IgG coupled with a positive IgM indicates recent or current VZV infection. Positive VZV-DNA or IgG/IgM
tests are used to confirm whether the patients experience chronic VZV ganglionitis. Antiviral therapy decreases
pain in PHN patients with chronic VZV ganglionitis; whereas, antiviral therapy shows no effects in PHN patients
with negative VZV-DNA or IgM. Vitamin D is a natural antiviral mediator. Studies show a high prevalence of
vitamin D deficiency in hepatitis B/C virus-infected patients. Serum vitamin D levels and vitamin D supple-
mentation are factors which affect the antiviral efficacy on hepatitis B/C virus infection. Serum 25-OHD levels of
hospitalized patients with shingles were significantly lower compared to healthy controls. Accordingly, PHN
patient may have a high prevalence of vitamin D deficiency which negatively affects the antiviral efficacy.
Vitamin D supplementation may improve the antiviral efficacy on PHN. Future trials regarding antiviral therapy
on PHN should consider patient characteristics and should be conducted among different subgroups of PHN
patients.

Herpes zoster and postherpetic neuralgia

Herpes zoster (HZ, shingles) is a viral disease caused by reactivation
of the varicella zoster virus (VZV). Pain is the most common symptom
of HZ. In a large population-based study with medical record con-
firmation of HZ diagnosis from America, more than 65% of the adult HZ
patients were prescribed pain medication for relieving acute herpetic
pain [1]. Although many patients suffer from prolonged herpetic pain
referred to as postherpetic neuralgia (PHN), there is no a clear defini-
tion of PHN [2–4]. PHN is generally defined as herpetic pain that was
rated as 3 or more on a scale ranging from 0 (“no pain”) to 10 (“pain as
bad as you can imagine”) [2], persisting more than 90 days after the
onset of rash [1,5]. PHN is the most common complication of HZ. PHN

can interfere with basic and essential activities of daily living including
general activity, work, sleep and enjoyment of life. As a result, PHN can
have a serious impact on quality of life and functional ability.

In large population-based studies from UK and America, the pre-
valence of PHN (3-month definition) increased from 5 to 8% in those
younger than 60 years to 20% more in those aged 80 years or older
[1,6]. The incidence of PHN increased with age [1,6]. There are several
topical Treatment (lidocaine patch, capsaicin cream/patch) and sys-
temic treatment (gabapentinoids, tricyclic antidepressants, opioids) for
PHN management. Gabapentinoids (gabapentin and pregabalin) are
first-line drugs for PHN. However, 15–50% of PHN patients have in-
adequate therapeutic response due to adverse effects when treated with
gabapentinoids [4,7]. Management of PHN is still challenging while
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using current clinical management strategies. Intriguingly, hetero-
geneous patterns of PHN suggest multiple pathophysiologic mechan-
isms [8]. Individualized treatment based on the pathophysiologic me-
chanisms is required for decreasing pain effectively in PHN.

Pathogenesis of postherpetic neuralgia

The pathophysiology of chronic pain in PHN is multifactorial. There
are two non-mutual theory of PHN2 including nerve injury-induced
neuronal excitability and chronic VZV ganglionitis (neuroinflammation
[9] caused by persistent VZV infection [10–12]).

Evidence that PHN may be caused by chronic low-grade VZV in-
fection has come from VZV DNA positivity in blood MNCs of some PHN
patients [4,12] and from the favorable response of PHN patients to
antiviral treatment [10,11]. The detection of VZV DNA by the poly-
merase chain reaction test was performed in blood mononuclear cells
(MNCs) from PHN patients, zoster patients without PHN and elderly
individuals without a history of HZ. VZV-DNA positivity was only found
in PHN patients [12]. In an immunocompetent elderly woman with
PHN, her blood MNCs contained VZV-DNA. She experienced pain relief
after famciclovir treatment and negative virological tests for VZV-DNA.
She discontinued famciclovir five times over an 11-year period. Pain
always reoccurred within 1 week and blood MNCs contained VZV-DNA
again [10]. Thus, pain in certain PHN patients is supposed to be caused
by persistent active VZV infection in ganglia (chronic active VZV
ganglionitis) [10–12]. Recently, Francesca Pica et al. demonstrated that
10% of PHN patients had VZV-DNA positivity in a one-year follow-up of
PHN patients [4].

Laboratory tests for herpes zoster – testing VZV-DNA or
immunoglobulins

HZ can be easily diagnosed by clinical manifestations including
painful skin blisters and rash along the dermatomes in most cases.
Laboratory tests for confirming VZV infection are required in patients
with atypical symptoms or zoster sine herpete defined as dermatomal
distribution pain without rash caused by VZV [13]. In addition, la-
boratory tests are needed for differential diagnosis of HZ from other
skin diseases, such as zosteriform herpes simplex [14].

Laboratory tests include the virological test for VZV-DNA and the
serological tests for VZV immunoglobulin (Ig) - IgG and IgM antibodies.
Detection and quantification of VZV-DNA can be performed by sam-
pling VZV-DNA from the skin lesion or blood MNCs via the polymerase
chain reaction test [4].

Serological tests of VZV IgM/IgG can be done by enzyme-linked
immunosorbent assay (ELISA) [14,15]. IgG and IgM antibodies are
detected 2–5 days later and show the highest titers at 2–3weeks after
VZV skin rash appears. The IgG antibody titers gradually decline and
remain positive for several years. The VZV IgM antibody titers rapidly
decrease and are undetected at 1 year after HZ outbreak. The positive
rate of VZV IgM antibody ranges from 10% to 70% in HZ patients [14],
but it is unknown in PHN. Interestingly, high titers of serum VZV IgM in
HZ have been found to be associated with the severity of skin lesions
and the presence of PHN [16–18].

Compared to the methods of separating the virus from the skin le-
sion or blood MNCs, ELISA tests for VZV IgM/IgG is simple, high sen-
sitive/specific and cost-effective for the diagnosis of current HZ infec-
tion [14,15]. A positive IgG result coupled with a positive IgM result
indicates recent or current VZV infection. A positive IgG result coupled
with a negative IgM result suggests previous VZV vaccination or in-
fection [13]. Accordingly, a PHN patient with VZV IgM-positivity
means that the patient experiences chronic active VZV ganglionitis.

Analgesic efficacy of antiviral therapy

In a prospective, open-label clinical trial, 15 patients with moderate

to severe PHN received intravenous acyclovir for 14 days followed by
oral valacyclovir for 1month. As a result, eight out of fifteen PHN pa-
tients reported effective pain relief by a decrease of 2 or more on the 11-
point Numeric Pain Rating Scale [11]. In the other randomized, double-
blind, placebo-controlled trial, ten patients who had experienced at
least 6 months of severe herpetic pain received intravenous acyclovir
for 14 days, followed by oral acyclovir for 42 days. Only one of ten
subjects reported improvement in postherpetic pain. The authors con-
cluded that acyclovir therapy did not reduce pain in PHN patients [19].
Overall, the therapeutic outcomes in the two clinical trials showed
conflicting.

Taking a closer look at the two trials, questions were raised. First,
there are several pathophysiologic mechanisms of PHN patients [8,20].
Pain in certain PHN patients is caused by persistent active VZV infec-
tion in ganglia [10–12]; whereas, pain in the rest of PHN patients may
be not associated with chronic VZV ganglionitis [2,10–12,21]. The
underlying pathophysiology of PHN patients may affect therapeutic
outcomes drastically. Second, a one-year follow-up study of PHN pa-
tients [4] revealed that PHN patients with positive VZV-DNA was 10%.
The finding indicates only 10% of PHN patients suffered from chronic
VZV ganglionitis. Third, fifteen patients were enrolled in one trial and
only ten patients were enrolled in the other trial. The case numbers in
the two trials were small. It is not possible for a small clinical trial to
include all subgroups of PHN patients. Moreover, both trials did not
examine patient characteristics including VZV-DNA or serum VZV IgG/
IgM titers. Thus, we question whether the conflicting findings were
associated with the participants whose pain was associated with dif-
ferent pathophysiologic mechanisms.

Vitamin D – a natural antiviral mediator

Beyond classic effects in musculoskeletal health [22], vitamin D can
inhibit neuroinflammation by reducing proinflammatory cytokines and
increasing anti-inflammatory cytokines [23,24]. Vitamin D deficiency
has been demonstrated to be associated with increased neuropathic
pain in patients with diabetes mellitus [25]. Vitamin D can be an an-
algesic for diabetic patients with neuropathic pain [26].

There are high prevalences of vitamin D deficiency in hepatitis B
virus (HBV)- and hepatitis C virus (HCV)-infected patients [27]. Low
serum vitamin D levels are associated with high viral load in HBV/HCV-
infected patients [28,29]. High rates of a sustained virological response,
defined as an undetectable serum HCV-RNA level at the end of antiviral
therapy, were observed in HBV/HCV -infected patients with vitamin D
levels above 30 ng/mL or receiving vitamin D supplementation
[30–32]. Although not conclusive proof, there are associations between
vitamin D levels/vitamin D supplementation and the efficacy of anti-
viral treatment for HBV/HCV infection. Interestingly, serum25-OHD
levels of hospitalized patients with HZ was found to be significantly
lower than that of the healthy controls [33]. Vitamin D is a direct in-
ducer of antimicrobial peptides (human cathelicidin (LL-37) and beta-
defensin) [34]. In a skin-infection model, antimicrobial peptides in-
cluding LL-37 and beta-defensin-2 can reduce viral replication in ker-
atinocytes and B cells infected with VZV through different mechanisms
of action [15]. Due to similar mechanisms among vitamin D deficiency,
vitamin D supplementation and the efficacy of antiviral treatment on
HBV/HCV infection, questions regarding vitamin D and PHN are raised.
First, is there a high prevalence of vitamin D deficiency in PHN pa-
tients? Second, does vitamin D deficiency negatively influence the an-
algesic efficacy of antiviral therapy on PHN? Third, does vitamin D
supplementation improve the analgesic efficacy of antiviral treatment
on PHN [15,26,34]?
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Hypothesis – analgesic efficacy of antiviral therapy on PHN is
associated with patient characteristics including pathophysiology
and serum vitamin D levels.

We hypothesize the analgesic efficacy of antiviral therapy on PHN is
associated with patient characteristics including pathophysiology of the
participants and serum vitamin D levels.

First, to identify pathophysiology of PHN patients whose pain is
associated with chronic active VZV ganglionitis. PHN patients with
chronic VZV ganglionitis are confirmed by positivity of VZV-DNA or
VZV IgG/IgM tests. One group is those with VZV-DNA positivity or a
positive IgG coupled with a positive IgM indicating a recent or current
VZV infection [13,14]. The other group is those with negative VZV-
DNA or a positive IgG result coupled with a negative IgM result sug-
gesting previous VZV infection. PHN patients with positive VZV-DNA or
IgM tests are considered to suffer from chronic active VZV ganglionitis
[2,10–12,21]. Antiviral therapy helps decrease pain in PHN with VZV-
DNA positivity or positive/high-titer VZV IgM. But, antiviral therapy
shows no effects in PHN with negative VZV-DNA or negative/low-titer
VZV IgM.

Second, to identify the associations between antiviral therapy re-
sponse and vitamin D levels in PHN. The efficacy of antiviral therapy in
PHN patients with vitamin D deficiency may be significantly lower than
that in PHN patients with normal vitamin D levels. Vitamin D supple-
mentation may improve the antiviral efficacy in PHN significantly.

Evaluation of the hypothesis

The hypothesis regarding patient characteristics and the analgesic
efficacy of antiviral therapy on PHN can be evaluated by a prospective
randomized, double-blind trial in patients and observers. Antiviral
therapy is prescribed for PHN patients who have the virological test for
VZV-DNA or serological tests of VZV IgM/IgG antibodies before and
after antiviral therapy. All PHN patients are divided into two groups –
one group is with positive VZV-DNA/IgM and the other group is with
negative VZV-DNA/IgM. The effective rates are compared between
groups. The effective rate of antiviral therapy in PHN with positive
VZV-DNA/IgM may be significantly higher compared to that in PHN
with negative VZV-DNA/IgM. In addition, the rate of vitamin D defi-
ciency is evaluated in all PHN patients. Vitamin D deficiency may
predict an unfavourable response to antiviral treatment.

In the next prospective randomized, double-blind, placebo-con-
trolled trial, PHN patients with positive VZV-DNA/high-titer VZV IgM
and vitamin D deficiency are enrolled. Serum levels of vitamin D are
measured in all patients before and after antiviral therapy. Antiviral
therapy combined with vitamin D supplements or antiviral therapy
combined with placebo is tested. The effective rate is predicted to be
significantly higher in patients receiving antiviral therapy combined
with vitamin D. In addition, there is significance improvement in serum
vitamin D levels after the antiviral therapy combined with vitamin D
supplements.

Consequences of the hypothesis

Many PHN patients remain refractory to current conventional
therapeutics. More effective therapies are needed for PHN treatment. If
the research results support antiviral therapy as a therapeutic option for
certain PHN patients, the virological test or serological tests of VZV
IgM/IgG by ELISA [14,15] are suggested for PHN patients. Antiviral
therapy can be prescribed in PHN patients with positive VZV-DNA or
IgM. Vitamin D, a natural antiviral mediator [15,34], may act as a
potential adjuvant in treatment of HZ infections. Vitamin D deficiency
may negatively influence on the antiviral efficacy. Serum vitamin D
survey is suggested for PHN patients. Antiviral therapy combined with
vitamin D supplementation is indicated for PHN patients with positive
VZV-DNA or IgM, in particular vitamin D deficiency. Future trials

regarding antiviral therapy on PHN should consider patient character-
istics and should be conducted among different subgroups of PHN pa-
tients. Importantly, the new treatment strategy based on VZV vir-
ological/serological tests and serum vitamin D levels provides an
evidence-based alternative for the pain management of PHN patients.
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