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Abstract

To characterize varicella-zoster virus (VZV)-specific cell-mediated immunity 
(CMI) immediately after the onset of herpes zoster (HZ), we administered a VZV skin 
test antigen to patients within 6 days after HZ onset. We analyzed skin reactions by 
measuring the longest diameter of erythema and edema. This study included 76 patients 
at three dermatology clinics. Skin reactions differed in patients who were under 50 years 
old versus those who were 50 years of age or older; positive edema was seen only in the 
latter group. Successive skin tests showed that patients under 50 years of age recovered 
VZV-CMI more quickly than did older patients. These findings indicate that there are both 
quantitative and qualitative differences in VZV-CMI in patients under 50 years of age 
and those 50 or older. These differences may explain the higher incidence and greater 
severity of HZ seen in older adults.

ABBREVIATIONS
HZ: Herpes Zoster; VZV: Varicella-Zoster Virus; CMI: Cell-

Mediated Immunity; ELISA: Enzyme-Linked ImmunoSorbent 
Assay

INTRODUCTION
Herpes zoster (HZ) is a common disease that is usually 

treated at general dermatology clinics. Mild cases can be treated 
on an outpatient basis. Severe cases are characterized by varying 
degrees of exanthema, and can be followed by Ramsay Hunt 
Syndrome or post-herpetic neuralgia (PHN). Anti-herpes drugs 
can reduce the severity of HZ when used in the early stages of the 
disease, although immunodeficiency and other conditions can 
limit these drugs’ efficacy. A herpes zoster vaccine designed to 
limit the impact of this disease has proven effective [1].

 
HZ is caused by the reactivation of a latent varicella-zoster virus 
(VZV) infection established in the dorsal root ganglia during 
a primary varicella in childhood. The frequency and severity 
of HZ increases with age, suggesting that the VZV-specific cell-
mediated immunity (VZV-CMI) decreases with age [2-7]. To 
test this hypothesis, the VZV-CMI response can be measured 
in individuals using methods such as the interferon-γ enzyme-
linked immunospot (ELISPOT) assay or a VZV skin test that was 
developed in Japan [8-11].

In a large-scale epidemiological study of HZ, we previously 
demonstrated that the VZV skin test can predict the risk of HZ, 
suggesting that the test reliably measures the actual state of VZV-
CMI [12]. In that study, however, the VZV skin test was performed 
a relatively long time before the onset of HZ, and on subjects 
over 50 years of age. To understand the factors responsible 
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for HZ development, it is important to investigate VZV-CMI 
immediately before or after the onset of the disease. Thus, here 
we administered the VZV skin test to patients of any age who 
sought treatment for HZ at one of three private dermatology 
clinics near Osaka City. 

Most studies using the VZV skin test have assessed VZV-CMI 
by measuring the longest diameter of erythema. In this study, 
we measured not only erythema but also edema, which is the 
strongest and most specific reaction to the skin test. When we 
grouped the HZ patients by age (<50 years and ≥50 years), clear 
differences of the skin test between the two age groups were 
found, which could account for age-related differences of VZV-
CMI. 

MATERIALS AND METHODS
Enrollment of patients with herpes zoster (HZ) 

This study was approved by the ethical committee of Hyogo 
College of Medicine. A total of 172 HZ patients, who were 
diagnosed clinically, visited one of three private dermatology 
clinics near Osaka City between April 1, 2009 and March 31, 
2010. Although many of them received the VZV skin test at the 
first visit of the clinics, we used data from 120 patients who were 
confirmed later by real-time PCR and/or by serological tests. 
Twenty-three out of 120 patients received the test twice and one 
three times. The youngest patient was a year old; the oldest was 
96.

The VZV-antigen skin test

After obtaining written informed consent, we administered 
the VZV skin test to all patients with HZ during their visit to 
the clinic. This skin test uses a viral antigen produced by Biken 
(Research Foundation for Microbial Diseases of Osaka University, 
Japan), and is commercially available in Japan. A disposable 
tuberculin syringe was used to inject 0.1 ml of the skin test 
antigen intradermally into the patient’s forearm, and the longest 
and shortest diameters of erythema and edema were measured 
48 hours later. 

The onset of HZ was defined as the first appearance of the 
rash. Since we wished to investigate VZV-CMI in the early phases 
of HZ, we used data from skin tests conducted within 6 days of HZ 
onset. Using this criterion, we analyzed data from 76 patients (36 
male and 40 female). Of these, 59 patients were 50 years of age 
or older (26 male and 33 female) and 17 were under 50 years old 
(10 male and 7 female).

Real-time PCR and gp-ELISA

Blood samples were obtained from all patients with clinical 
indications of HZ and used for serological tests (mainly gp-ELISA), 
and vesicular fluid or crust was obtained for real-time PCR. The 
samples were immediately transported to the surveillance center 
at Biken, where the tests were conducted. Real-time PCR and gp-
ELISA were performed as described previously [12].

Statistics

Differences between groups were assessed by Fisher’s exact 
test.

RESULTS
VZV skin test reactions differed by age

Reactions to the VZV skin test were categorized as no 
reaction (no measurable longest diameter of both erythema and 
edema), erythema (measurable longest erythema diameter with 
no measurable longest edema diameter), or edema (measurable 
longest edema diameter). Erythema was also present in all 
patients who developed edema. Patients were divided by age 
group and then by reaction pattern (Figure 1a). The results 
showed that HZ tended to affect older patients, with more than 
three times as many HZ patients who were 50 and older (≥50 
years) (n=59) than patients who were under 50 (<50 years) 
(n=17). We observed a small peak at 20−29 years of age, and 
a major peak at 60−69 years of age; 38.2% of the 76 patients 
were 60−69 years of age. Edema occurred only in patients who 
were 50 or older (Fig. 1b). The rate of erythema was similar in 
the two age groups, suggesting that some patients 50 years and 
older developed HZ despite having strong VZV-CMI as indicated 
positive edema.

Skin test reactions differed according to the interval 
after HZ onset

To examine changes in VZV-CMI, we compared data from 
skin tests performed within 6 days of the onset of HZ to those 
from tests performed 7 or more days after onset. All of the HZ 
patients under 50 years of age visited a clinic within 28 days of 

Figure 1 (a) Number of HZ patients divided by age group. Skin 
reactions were classified as edema, erythema, or no reaction. (b) 
Frequency of each reaction pattern in patients 50 or more years of 
age, and in those under 50 years old.
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onset (0−6 days, n=17; 7−28 days, n=9) and were given the skin 
test once except one patient who received it twice (one in 0-6 
days and second in 7-28 days) (Figure 2a). Many patients who 
were 50 years of age or older were given the skin test at the first 
visit and on at least one subsequent visit. Thus, all the data from 
tests performed 29−84 days (n=13) and 85 or more days (n=14) 
after onset were from patients of 50 years or older (Figure 2b). 

In patients under 50 years old, there were clear differences in 
the reactions from tests performed 0−6 days after HZ onset and 
those performed 7−28 days after onset (Figure 2a). There were 
no cases of edema in tests performed 0−6 days after onset, while 
4 out of 9 patients tested 7−28 days after HZ onset developed 
edema. These results suggest that patients under 50 regained 
strong VZV-CMI rapidly after developing HZ. In the group 50 
years and older, however, the percentage of patients with edema 
increased slowly, with a significant increase more than 29−84 
days after onset (Figure 2b). These findings together suggest that 
VZV-CMI may recover more slowly in older adults. 

Quantitative analysis of VZV skin tests performed 0−6 
days after HZ onset

 We next assessed the relationship between age and the 

longest diameter of edema or erythema (Figure 3). In tests 
performed within 6 days of HZ onset, edema developed in 11 of 
the 59 patients who were 50 or older (Figure 3a). The longest 
edema diameter varied from 8−23.6 mm. 

The distribution of the longest diameter of erythema differed 
between patients under 50 and those 50 years and older (Figure 
3b). Although the rate of erythema between the two groups did 
not differ greatly (Figure 1b), other differences were observed. 
In patients 50 years and older, the erythema varied in size, from 
2.1 mm to 33.4 mm in diameter, while those in patients under 50 
was more than 12 mm. The average size of erythema in the older 
group was 12.3 mm, while that in patients under 50 years was 
18.6 mm.

DISCUSSION
There is consensus that the incidence of HZ increases with 

age, particularly in people over 50 years old [2,4,13]. Although 
everyone who is infected with VZV in childhood preserves 
latent VZV in the dorsal root ganglia, not everyone develops HZ. 
Extensive immunological studies of VZV-specific immunity in 
adults have shown that lack of VZV-CMI, but not a VZV-specific 
antibody, is responsible for HZ [6,14-16].In the present study, 
we injected VZV skin test antigen into patients in the early stages 
of HZ, to examine how decreased VZV-CMI contributes to the 
development of HZ. 

Figure 2 (a) Frequency of each skin test reaction pattern in patients 
under age 50, in tests performed 0−6 days or 7−28 days after the onset 
of HZ. (b) Frequency of each skin test reaction pattern in patients 50 
years of age or older, in tests performed 0−6 days, 7−28 days, 29−84 
days, or more than 85 days after the onset of HZ.

Figure 3 (a) Distribution of the longest diameter of edema according 
to age. (b) Distribution of the longest diameter of erythema according 
to age.
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 It should be noted that reaction patterns of the skin test 
using VZV antigen was different from those using purified 
protein derivative (PPD) in tuberculin test which categorized 
as induration, palpability and erythema [17,18]. The strongest 
reaction of the former test is edema which may correspond to 
palpability of tuberculin test. This is supported by our earlier 
study that, in more than 5,000 of individuals who were injected 
VZV antigen intradermally, no one developed induration [12]. 
These differences of reaction pattern in the two tests might 
reflect different pathogenesis of each original disease. 

The age distribution of HZ cases in our study (Figure 1a) is in 
harmony with a report that the incidence of HZ increases rapidly 
after 50 years of age, with the highest incidence in Japan at ages 
60−79 [4]. When patients in our study were grouped by age (<50 
years and ≥50 years), the most notable difference was that edema 
was observed only in patients 50 or more years of age (Figure 
1b). However, the positive rate of edema in patients 50 years 
and older was 18.6%. This figure was quite low compared to the 
69.6% of healthy subjects in our previous study who developed 
edema after the VZV skin test [12]. Although the skin test was 
performed after the onset of HZ in the current study, these 
results seem to suggest that VZV-CMI in HZ patients decreased 
considerably just before the onset of the disease, especially in 
patients under 50 years of age. 

The severity of HZ also increases with age, as shown by the 
greater frequency and duration of PHN with age and the increase 
in complications with age [19-21]. This seems to agree with our 
results (Figure 2) in that a late recovery of edema frequency in HZ 
patients over 50 years of age compared to those under 50 years of 
age. Our quantitative analysis of skin test reactions also revealed 
some age-related differences (Figure 3). Although the rate of 
edema was small, edema occurred only in patients 50 or more 
years of age, and the longest diameter of edema was relatively 
large (Figure 3a). For erythema, we observed a reverse trend, in 
which the longest diameter of erythema was larger in patients 
who were under 50 years old than in those 50 or older (Figure 
3b). These observations suggest that there are both quantitative 
and qualitative differences between the VZV-CMI in patients in 
the two age groups.

Most recently, VZV skin test antigen supplied from Biken 
was used to investigate T cell phenotype which affects immune 
responses at the site of skin challenge [22,23]. They demonstrated 
that VZV-specific CD4 T cells and CD4 regulatory T cells (Tregs) 
accumulate in parallel after VZV challenge in the skin of healthy 
individuals [22]. When subjects were grouped as young (<40 
years old) and old (>60 years old), there were significantly 
increased numbers of Tregs in the skin of old compared with 
young individuals, which result in weak skin reactions in older 
subjects after intradermal challenge with VZV antigen [23]. These 
observations might also provide evidences that the incidence and 
severity of HZ increase with age.

CONCLUSION
VZV-CMI in HZ patients assessed by the skin test with VZV-

skin test antigen demonstrated age-related differences in 
magnitude and recovery speed after onset of the disease. To 
consider preventive and therapeutic measures against HZ, the 

result will provide useful ideas in that incidence and severity of 
HZ increase with age.

ACKNOWLEDGEMENTS
We thank F. Ohnishi, T. Nozaki, and K. Matsuda for their 

support in data management and analysis. We also thank K. 
Maeda for the laboratory examination of patient samples.

REFERENCES
1.	 Oxman MN, Levin MJ, Johnson GR, Schmader KE, Straus SE, Gelb LD, 

et al. A vaccine to prevent herpes zoster and postherpetic neuralgia in 
older adults. N Engl J Med.2005; 352: 2271-2284.

2.	 Hope-Simpson Re. The Nature of Herpes Zoster: A Long-Term Study 
and a New Hypothesis. Proc R Soc Med. 1965; 58: 9-20.

3.	 Schmader K. Herpes zoster in older adults. Clin Infect Dis. 2001; 32: 
1481-1486.

4.	 Toyama N Shiraki K, Society of the Miyazaki Prefecture Dermatologists. 
Epidemiology of herpes zoster and its relationship to varicella in 
Japan: A 10-year survey of 48,388 herpes zoster cases in Miyazaki 
prefecture. J Med Virol. 2009; 81: 2053-2058.

5.	 Berger R, Florent G, Just M. Decrease of the lymphoproliferative 
response to varicella-zoster virus antigen in the aged. Infect Immun. 
1981; 32: 24-27.

6.	 Levin MJ, Oxman MN, Zhang JH, Johnson GR, Stanley H, Hayward AR, 
et al. Varicella-zoster virus-specific immune responses in elderly 
recipients of a herpes zoster vaccine. J Infect Dis. 2008; 197: 825-835.

7.	 Weinberg A, Lazar AA, Zerbe GO, Hayward AR, Chan IS, Vessey R, et 
al. Influence of age and nature of primary infection on varicella-zoster 
virus-specific cell-mediated immune responses. J Infect Dis. 2010; 
201: 1024-1030.

8.	 Kamiya H, Ihara T, Hattori A, Iwasa T, Sakurai M, Izawa T, et al. 
Diagnostic skin test reactions with varicella virus antigen and clinical 
application of the test. J Infect Dis. 1977; 136: 784-788.

9.	 Baba K, Yabuuchi H, Okuni H, Takahashi M. Studies with live varicella 
vaccine and inactivated skin test antigen: protective effect of the 
vaccine and clinical application of the skin test. Pediatrics. 1978; 61: 
550-555.

10.	Hata S. Skin test with Varicella-zoster virus antigen on herpes zoster 
patients. Arch Dermatol Res. 1980; 268: 65-70.

11.	Asano Y, Shiraki K, Takahashi M, Nagai H, Ozaki T, Yazaki T. Soluble 
skin test antigen of varicella-zoster virus prepared from the fluid of 
infected cultures. J Infect Dis. 1981; 143: 684-692.

12.	Okuno Y  Takao Y, Miyazaki Y, Ohnishi F, Okeda M, Yano S, et al. 
Assessment of skin test with varicella-zoster virus antigen for 
predicting the risk of herpes zoster. Epidemiol Infect. 2013; 141: 706-
713.

13.	Chapman RS, Cross KW, Fleming DM. The incidence of shingles and 
its implications for vaccination policy. Vaccine. 2003; 21: 2541-2547.

14.	Levin MJ, Murray M, Rotbart HA, Zerbe GO, White CJ, Hayward AR. 
Immune response of elderly individuals to a live attenuated varicella 
vaccine. J Infect Dis. 1992; 166: 253-259.

15.	Levin MJ, Smith JG, Kaufhold RM, Barber D, Hayward AR, Chan CY, 
et al. Decline in varicella-zoster virus (VZV)-specific cell-mediated 
immunity with increasing age and boosting with a high-dose VZV 
vaccine. J Infect Dis. 2003; 188: 1336-1344.

16.	Imoto K, Okazaki A, Onishi F, Miyazaki Y, Okeda M, Yano S, et al. VZV 
skin-test reaction, but not antibody, is an important predictive factor 

http://www.ncbi.nlm.nih.gov/pubmed/15930418
http://www.ncbi.nlm.nih.gov/pubmed/15930418
http://www.ncbi.nlm.nih.gov/pubmed/15930418
http://www.ncbi.nlm.nih.gov/pubmed/14267505
http://www.ncbi.nlm.nih.gov/pubmed/14267505
http://www.ncbi.nlm.nih.gov/pubmed/11317250
http://www.ncbi.nlm.nih.gov/pubmed/11317250
http://www.ncbi.nlm.nih.gov/pubmed/19856466
http://www.ncbi.nlm.nih.gov/pubmed/19856466
http://www.ncbi.nlm.nih.gov/pubmed/19856466
http://www.ncbi.nlm.nih.gov/pubmed/19856466
http://www.ncbi.nlm.nih.gov/pubmed/6163722
http://www.ncbi.nlm.nih.gov/pubmed/6163722
http://www.ncbi.nlm.nih.gov/pubmed/6163722
http://www.ncbi.nlm.nih.gov/pubmed/18419349
http://www.ncbi.nlm.nih.gov/pubmed/18419349
http://www.ncbi.nlm.nih.gov/pubmed/18419349
http://www.ncbi.nlm.nih.gov/pubmed/20170376
http://www.ncbi.nlm.nih.gov/pubmed/20170376
http://www.ncbi.nlm.nih.gov/pubmed/20170376
http://www.ncbi.nlm.nih.gov/pubmed/20170376
http://www.ncbi.nlm.nih.gov/pubmed/200680
http://www.ncbi.nlm.nih.gov/pubmed/200680
http://www.ncbi.nlm.nih.gov/pubmed/200680
http://www.ncbi.nlm.nih.gov/pubmed/662479
http://www.ncbi.nlm.nih.gov/pubmed/662479
http://www.ncbi.nlm.nih.gov/pubmed/662479
http://www.ncbi.nlm.nih.gov/pubmed/662479
http://www.ncbi.nlm.nih.gov/pubmed/6251751
http://www.ncbi.nlm.nih.gov/pubmed/6251751
http://www.ncbi.nlm.nih.gov/pubmed/6263986
http://www.ncbi.nlm.nih.gov/pubmed/6263986
http://www.ncbi.nlm.nih.gov/pubmed/6263986
http://www.ncbi.nlm.nih.gov/pubmed/23218021
http://www.ncbi.nlm.nih.gov/pubmed/23218021
http://www.ncbi.nlm.nih.gov/pubmed/23218021
http://www.ncbi.nlm.nih.gov/pubmed/23218021
http://www.ncbi.nlm.nih.gov/pubmed/12744889
http://www.ncbi.nlm.nih.gov/pubmed/12744889
http://www.ncbi.nlm.nih.gov/pubmed/1321859
http://www.ncbi.nlm.nih.gov/pubmed/1321859
http://www.ncbi.nlm.nih.gov/pubmed/1321859
http://www.ncbi.nlm.nih.gov/pubmed/14593591
http://www.ncbi.nlm.nih.gov/pubmed/14593591
http://www.ncbi.nlm.nih.gov/pubmed/14593591
http://www.ncbi.nlm.nih.gov/pubmed/14593591
http://www.ncbi.nlm.nih.gov/pubmed/26070505
http://www.ncbi.nlm.nih.gov/pubmed/26070505


Okuno et al. (2016)
Email:  

J Dermatolog Clin Res 4(1): 1065 (2016) 5/5

Central

Okuno F, Minami M, Masuda R, Okuno T, Okuno Y (2016) Effect of Age on Varicella-Zoster Virus-Specific Cell-Mediated Immunity in Patients with Herpes Zoster 
Assessed by Skin Tests with Varicella-Zoster Virus Antigen. J Dermatolog Clin Res 4(1): 1065.

Cite this article

for postherpetic neuralgia. J Dermatol Sci. 2015; 79: 235-240.

17.	Vukmanovic-Stejic M, Agius E, Booth N, Dunne PJ, Lacy KE, Reed JR, et 
al. The kinetics of CD4+Foxp3+ T cell accumulation during a human 
cutaneous antigen-specific memory response in vivo. J Clin Invest. 
2008; 118: 3639-3650.

18.	Agius E, Lacy KE, Vukmanovic-Stejic M, Jagger AL, Papageorgiou AP, 
Hall S, et al. Decreased TNF-alpha synthesis by macrophages restricts 
cutaneous immunosurveillance by memory CD4+ T cells during aging. 
J Exp Med. 2009; 206: 1929-1940.

19.	Ragozzino MW, Melton LJ 3rd, Kurland LT, Chu CP, Perry HO. 
Population-based study of herpes zoster and its sequelae. Medicine 
(Baltimore). 1982; 61: 310-316.

20.	Kost RG, Straus SE. Postherpetic neuralgia--pathogenesis, treatment, 
and prevention. N Engl J Med. 1996; 335: 32-42.

21.	Galil K, Choo PW, Donahue JG, Platt R. The sequelae of herpes zoster. 
Arch Intern Med.1997; 157: 1209-1213.

22.	Vukmanovic-Stejic M, Sandhu D, Sobande TO, Agius E, Lacy KE, Riddell 
N, et al. Varicella zoster-specific CD4+Foxp3+ T cells accumulate after 
cutaneous antigen challenge in humans. J Immunol. 2013; 190: 977-
986.

23.	Vukmanovic-Stejic M, Sandhu D, Seidel JA, Patel N, Sobande TO, Agius 
E, et al. The Characterization of Varicella Zoster Virus-Specific T Cells 
in Skin and Blood during Aging. J Invest Dermatol. 2015; 135: 1752-
1762.

http://www.ncbi.nlm.nih.gov/pubmed/26070505
http://www.ncbi.nlm.nih.gov/pubmed/18924611
http://www.ncbi.nlm.nih.gov/pubmed/18924611
http://www.ncbi.nlm.nih.gov/pubmed/18924611
http://www.ncbi.nlm.nih.gov/pubmed/18924611
http://www.ncbi.nlm.nih.gov/pubmed/19667063
http://www.ncbi.nlm.nih.gov/pubmed/19667063
http://www.ncbi.nlm.nih.gov/pubmed/19667063
http://www.ncbi.nlm.nih.gov/pubmed/19667063
http://www.ncbi.nlm.nih.gov/pubmed/6981045
http://www.ncbi.nlm.nih.gov/pubmed/6981045
http://www.ncbi.nlm.nih.gov/pubmed/6981045
http://www.ncbi.nlm.nih.gov/pubmed/8637540
http://www.ncbi.nlm.nih.gov/pubmed/8637540
http://www.ncbi.nlm.nih.gov/pubmed/9183232
http://www.ncbi.nlm.nih.gov/pubmed/9183232
http://www.ncbi.nlm.nih.gov/pubmed/23284056
http://www.ncbi.nlm.nih.gov/pubmed/23284056
http://www.ncbi.nlm.nih.gov/pubmed/23284056
http://www.ncbi.nlm.nih.gov/pubmed/23284056
http://www.ncbi.nlm.nih.gov/pubmed/25734814
http://www.ncbi.nlm.nih.gov/pubmed/25734814
http://www.ncbi.nlm.nih.gov/pubmed/25734814
http://www.ncbi.nlm.nih.gov/pubmed/25734814

	Effect of Age on Varicella-Zoster Virus-Specific Cell-Mediated Immunity in Patients with Herpes Zost
	Abstract
	Abbreviations
	Introduction
	Materials and methods 
	Enrollment of patients with herpes zoster (HZ)  
	The VZV-antigen skin test 
	Real-time PCR and gp-ELISA 
	Statistics 

	Results
	VZV skin test reactions differed by age 
	Skin test reactions differed according to the interval after HZ onset 

	Discussion 
	Conclusion
	Acknowledgements
	References
	Figure 1
	Figure 2
	Figure 3

