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Abstract

Objective: This appraisal describes the pathogenesis and presentations of primary and secondary Human Herpes Viruses particu-
larly focusing on the Shingles Human Herpes Virus, Varicella Zoster (HHVZ). 

Design: Pertinent literature on management and treatment of Human Herpes Varicella Zoster Viruses were reviewed. 

Results: Primary exposure HHVZ infection manifests as Chicken-pox mainly in children. Subsequently HHVZ settles into sensory 
ganglions, where immunity restrains its’ activity. As age reduces immunity recrudescence of HHVZ is stimulated, and infected per-
sons manifest crops of painful vesicles. A reliable prophylactic vaccine against HHVZ exists and antiviral medications effectively 
moderates symptoms and manifestations. 

Conclusion: Recrudescence of HHSVZ remains obscure but successful prevention resides in vaccines. Common stigmata locations 
are indicated and anti-virals for HHSVZ are tabled. 
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Abbreviations 

EBV: Epstein Barr Virus; HHSV: Human Herpes Simplex Virus; HHVZ: Human Herpes Virus Zoster; HIV: Human Immunodeficiency Virus; 
HPV: Human Papilloma Virus

Highlights

Herpes Varicella Zoster pathogenesis is deconstructed, recognition, management and treatment are outlined. 

Background and Introduction

Herpesviridae are made up by structurally different complex viruses consisting of double stranded DNA genomes. There are eight 
acknowledged types of human Herpes Viruses: Herpes simplex types 1 and 2 (HHSV-1 and HHSV-2); Varicella zoster (HHVZ, or HHSV-3); 
Epstein-Barr Virus (EBV or HHSV4); Human cytomegalovirus HCVM, or HSV 5); Human herpes virus 6 (HHSV-6); Human herpes virus 7 
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(HHSV-7); and Human herpes virus 8 (HHSV-8). These eight are grouped into three subfamilies: the alpha-herpesviruses that includes 
HHSV-1, HHSV-2 and HHSV-3 (HHVZ). These invade rapidly, reproduce and establish themselves as dormant viruses in sensory ganglia. 
The beta- and gamma-herpesviruses are lymphotropic. These three groups (Alpha and Beta-with-Gamma groups) are distinguished from 
each other and on the basis of their genomes-organization and patterns of replication [1].

Human Herpes Varicella-zoster virus (HHVZ) is one of the Human alpha-herpesvirus group, prevalent globally, and is the cause of the 
exanthemata disease Chickenpox (Varicella) in children, and Shingles (Herpes zoster) later in life. Chickenpox is a ubiquitous, common 
childhood disease (mainly before puberty but may occur up to age 25) with widespread scattered vesicular lesions of the skin, accompa-
nied by pyrexia, viremia, and malaise [1-3].

Aim of the Study

This appraisal reviews Human Herpes Virus infections with specific emphasis on Human Herpes Varicella Zoster (HHVZ; Shingles).

Human herpes viruses and pathogenesis of infection

Varicella infections are ubiquitous, spread worldwide and are most prevalent in heavily populated metropolitan societies. Before vac-
cines were introduced, the incidence of Varicella infection occurred in children, with 50% of most populations being infected by 5 years 
of age and 90% by 12 years. By 2022, the introduction of voluntary vaccinations against Varicella, has significantly reduced these rates of 
infection. Varicella is not a uniquely human disease as it may infect Simian species like monkeys, baboons and the hominid apes, but Vari-
cella is one of the most readily infectious of human illnesses [4]. Varicella spread is by direct contact with fluid from the lesions or through 
any airborne spread from the respiratory tract. Transmitted infection in human households can be close to 90% [4,5].

A characteristic of the alpha Herpes viruses, (Human Herpes Simplex Virus type 1 and Human-Herpes Simplex Virus Type 2: HHVS-1 
and HHVS-2) is to establish latency sensory dorsal root ganglia cells, after the primary infection. HHSV-1 and HHSV-2 are responsible for 
Herpes labialis and facial Herpes, and genital Herpes respectively [6-9].

The HHV-Zoster virion consists of a nucleocapsid surrounding a core that contains the linear, double-stranded DNA genome; a pro-
tein tegument separates the capsid from the lipid envelope, which incorporates the major viral glycoproteins. HHV-Zoster exists globally 
but is most prevalent in temperate climates. Primary HHV-Zoster infection induces some form of immunity with antibodies in the form 
of immunoglobulin G (IgG), IgM, and IgA antibodies, which may bind to many classes of viral proteins. In healthy patients with primary 
or recurrent HHV-Zoster infection, production of specific HHV-Zoster viral cellular-immunity is essential for constraining viral replica-
tion. HHV-Zoster will flare up with reduced immunity, like in old age, or with compromised immunity like in HIV infected or those are 
immunosuppressed post organ transplant. Laboratory confirmation using polymerase chain reaction (PCR) for diagnosis of Varicella or 
HHV-Zoster is possible by detecting viral proteins or DNA and is essential to determine, which indicates the need for prescribing antiviral 
therapy [3,5,10,11].

The definitive symptom of Chickenpox is the appearance of a widespread itchy skin, followed by a vesicular rash that not only erupts 
all over the body, but also in the mucous membranes and upper respiratory tract, including the eyes, mouth, face, scalp, and genitals. The 
rash generally starts on the torso and proximal limbs, then generally spreads distally to the face, genitalia, and distal limbs. The fluid-filled 
vesicles erupt repeatedly in “crops”, so that various stages of the Varicella infection are present as the initial, florid, and older crusted 
lesions, all of which may manifest simultaneously. Clinically, common early symptoms include slightly elevated fever followed by mild 
malaise with a runny nose, and headache. Before infection manifests the latent period is 10 to 21 days after which symptoms appear. The 
lesions persist for 10 to 14 days, but Varicella is most contagious just before, during or after the first or second day after the eruption of 
the rash with vesicle formation. Small ulcers form which then transform to crusts. An infected person is capable of transmitting virions 
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until the crusty-scab lesions fall off. The Varicella stigmata vary widely; it may be minor, with only a few eruptions, to extremely serious 
morbidity with widespread body-rashes, high temperature and debilitating malaise. Adults manifest more severe forms of the infection 
especially with depressed immunity, with higher risks of developing viral meningo-encephalitis [8,9].

 After the initial Varicella illness, the HHV-Zoster travels centripetally to the sensory nerve ganglia where it resides in a latent state. 
Should an activating stimulus provoke the HHV-Zoster [HHVZ], the reactivated HHV-Zoster virions travel by centrifugal movement along 
the sensory axons nerve, to the nerves ending where characteristic eruptions manifest as vesicular rash. The rash is demarcated by the 
area innervated by the infected sensory nerve. HHVZ on the torso, typically invades a dermatome, which is the cutaneous area of skin sup-
plied by one spinal nerve. It may also invade a cranial sensory nerve, like the Facial (VII) or Glossopharyngeal (IX Cranial Nerve). Zoster 
infection is often unilateral. When the facial VII cranial nerve is involved, it is considered a medical emergency as it carries a high risk of 
causing permanent hearing loss and facial weakness, which can impact the eye and vision. Human Herpes Varicella Zoster (HHV-Z) infec-
tion happens later in life as and is also known as shingles [2,9-11].

Complications of HHV

HHV-Zoster morbidity embraces a whole host of pathologies. These include secondary bacterial infections: Varicella increases the 
susceptibility to severe invasive group A streptococcal infection in previously healthy children by 40- to 60-fold risk. Infections may occur 
in skin and soft tissues including otitis media, bacteremia, pneumonia, osteomyelitis, septic arthritis, endocarditis, necrotizing fasciitis, 
toxic shock-like syndrome, hepatitis, thrombocytopenia, cerebellar ataxia, stroke and encephalitis. Serious complications arise among 
immunocompromised people, especially in adolescents and adults who have high rates of morbidity and mortality from pneumonia, and 
encephalitis [12,13].

Concomitant Herpes infection can also act as a strong co-factor in the development of severe generalized periodontitis in children and 
adults [14-17]. Latent Herpes viral infection also manifests as Herpes gladiatorum [42,43].

Shingles manifests as a painful vesicular skin rash that usually develops on one side of face or torso. The rash outlines the sensory 
nerve innervation of the area affected. The initial eruption is a rash of small vesicles that typically burst over 7 to 10 days, form a crusty 
scab and clears up within 2 to 4 weeks. Many describe the associated pain as an intense ongoing burning sensation. In some people the 
pain persists and lasts longer for months or even years after the rash clears up. This chronic pain is termed postherpetic neuralgia (PHN), 
and it is the most frequent and common complication of shingles. The prevalence of shingles and PHN increases with age.

Herpes in pregnancy

The risk of neonatal infection varies from 30% to 50% for HSV infections with late onset in pregnancy (last trimester), whereas early 
pregnancy infection carries a lower risk, with a prevalence at about 1 - 2% risk of infection. Congenital HHV-Zoster infection varicella 
syndrome is rare but may take hold between the 13th or after the 20th week of gestation. Should primary HHSV infection occurs during 
late pregnancy, there is not adequate time to develop constraining antibodies to suppress viral replication before labour. Consequently, 
congenital anomalies from infection may manifest and embraces a wide range of morbidity including low birth weight, ophthalmic ab-
normalities, skin scarring, limb atrophy, cerebral atrophy, and other anomalies. Mortality is high with one in three affected infants suc-
cumbing early by the second year of life. Vertical transmission of HZV from infected mothers to infant results in severe neonatal varicella 
(up to 30%) morbidity with a high mortality rate for newborns [18]. The vertical transmission and elimination of the virus during birth 
with other clinical manifestations are significantly reduced by caesarean birth and treatment with acyclovir and/or valacyclovir during 
pregnancy to term [18,19].
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Therapy and management of varicella zoster

Treatment for Herpes Zoster in mainly through prophylaxis. That is, the use of a vaccine or neutralizing constraining antibodies by 
vaccination, and if not, by use of antiviral drugs (See below). Optimal protection against developing Shingles is by prophylaxis with a Vac-
cine such as Shingrix by GSK [20,22,23].

An effective vaccine to protect against developing Shingles in senior adults (people over 55 years old) is also available. Prior to 1987, 
the pre-vaccine era in North America (Canada and USA) had high adult and infant mortality by comparison to the post-vaccination era, 
starting 1995 to 2000 onwards [20-24].

Use of acyclovir, valacyclovir, and famciclovir antivirals are effective for treatment against HHS-Varicella and HHV-Zoster.

Following is the list of available antiviral medications. These medications have proved effective at constraining and reducing Herpes 
Viral pathologies when started promptly once the vesicular rash first appears.

Medication Dose rate Route
For first outbreak of oral herpes
Acyclovir 400 mg three times a day for 10 days Orally
Valacyclovir 2000 mg every twelve hours for one day Orally
Famciclovir 250 mg three times a day for 7 to 10 days Orally
For Recurrent infection
Acyclovir Cream 5% for recurrent herpes labialis (Zovirax) •	 5g apply 4 - 6 times daily for 7 - 10 days Topical

Acyclovir

•	 400 mg three times a day for 5 days

•	 800 mg twice a day for 5 days

•	 800 mg three times a day for only two days

Orally

Valacyclovir 2000 every twelve hours for one day Orally
Famciclovir 1500 mg once a day Orally

Table 1: List of antiviral medication [35,36].

Exact mechanisms for recrudescence of Human Herpes Viruses is complex and remains obscure, but re-awakening and reactivation 
is frequently caused by stimulating the latent dormant Herpes is by various stressors, reduced immunity and/or a whole host of various 
physical stimuli. Although HHVZ usually manifests unilaterally, it may be bilateral. Both sexes are equally affected. Crops of skin vesicles 
may form on the torso (thorax or abdomen), fuse and erupt, leaving behind that crusty exudate which usually heals without scarring. If 
HHV-Zoster affects the Facial- and auditory nerves. It is called, “the Ramsay Hunt Syndrome,” with ipsilateral facial paralysis, which is 
usually transitory, with herpetic vesicles on the external ear, or tympanic membrane which may or may not be associated with tinnitus, 
vertigo, and hearing disorders. The affected area remains extremely painful, as even after healing, there is marked post-Herpetic painful 
neuralgia (PHN), which may persist for months. It is sometimes called geniculate neuralgia or oticus. The prevalence of HHV-Zoster mani-
festly increases with advancing age and/or immuno-suppression [25,26].

Vaccines

Previously a live attenuated varicella vaccine (Merck Zostavax strain) was recommended for routine immunization, but from 2022 a 
more effective vaccine (Shingrix) for senior adults (people over 55 years old) is available [20-23]. Initially a live shingles vaccine called 
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(Zostavax) was available, but due to unpredictable outcomes, as of November 18, 2020, Zostavax is no longer recommended for use in the 
United States. An improved recombinant HHV-Zoster, Shingles vaccine is available and known as “Shingrix” [29-33].

Shingrix vaccine (GSK)

Figure 1

Shingrix vaccine (GSK) is preferred over Zostavax for the prevention of Zoster and related complications; Shingrix is an effective vac-
cine imparting protection against HHVZ with 90% efficacy after a four-year follow-up. Shingrix requires two doses with a six month break 
between the first and second intramuscular injections. Shingrix also reduces the risk of postherpetic neuralgia [32,33].

 Zostavax vaccine (Merck Sharp and Dohme Corp. May 2018)

Figure 2

Before (1995) vaccination, HHV-Zoster was ubiquitously and commonly prevalent in entire populations with severe morbidity and 
mortality deriving from both primary Varicella HHS-Varicella and HHV-Zoster reactivation. Chickenpox in the United States caused about 
4 million cases annually, with 10,600 hospitalizations up to 150 deaths. Post HHS-Varicella vaccine approval in 1995, a significant reduc-
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tion was evident in morbidity, and mortality from Chickenpox (HHS-Varicella). The Food and Drug Administration approved a HHV-Zoster 
vaccine, with higher concentrations of the same live attenuated virus used in the primary HHS-Varicella vaccine, for seniors 60 years of age 
or older. This vaccine significantly inhibits reactivation of the HHV-Zoster and the severe the post herpetic pain experienced by those in-
fected [LT1]. [11]. Zoster vaccine live (Zostavax) is no longer available for use in the United States, as of November 18, 2020 [22,23,32,33].

In 2006 a two-dose vaccine series, was recommended for children and was more effective in preventing break-through disease after a 
one dose vaccine. Older adults also benefit from the two dose HHV-Varicella vaccine by inducing stronger immune reactions. 

HHV-Zoster virions are produced in the cells of the Shingles eruptions. The process of HHVZ replication also produces many cell free 
virions in the cutaneous skin lesions which are infectious for transmission to other susceptible individuals [32]. Breakthrough infections 
will be moderated with therapy and has fewer blisters forming, reduces infectivity and reduces pyrexia [33-36].

 Since the 1960’s Aluminium salts (alum) are used as an adjuvant in vaccines, but its’ exact mechanism of action remains obscure. 
Immune responses and protection have improved with adjuvants like oil-in-water emulsion MF59, which is used in influenza vaccines 
[37,38]. AS01, which is used in one of the shingles vaccines is also in the licensed malaria vaccine and AS04 is also used in a vaccine against 
human papillomavirus (HPV) [40,41]. 

 Concluding Remarks

Although HHSV may affect some simian species, HHVZ is regarded as a mainly human disease and among the most readily infectious 
illnesses. Varicella can be prevented by immunization. The National Advisory Committee on Immunization (NACI) recommends that 
healthy children 12 months to 12 years of age should receive two doses of varicella-containing vaccine (univalent varicella or MMRV) for 
primary immunization. 

HHVZ infection as Shingles occurs after a latent period from Chickenpox. It is prevalent in the aged and immunocompromised. HHVZ 
will spread by direct contact with fluid from the lesions or through the airborne aerosol spread from the respiratory tract. Varicella varies 
in severity from very mild, with just a few spots, to severe, with fever and a widespread rash, but Varicella is often more severe in adults. 
After the initial varicella illness, HHVZ establishes latency in the sensory nerve ganglia, and can be reactivated later in life as shingles. 
Complications are more common in adolescents, adults, and immunocompromised people, who have higher rates of pneumonia, encepha-
litis and death.

Varicella Zoster (HHVZ) as Shingles is a recrudescent viral disease derived from a primary infection of Chickenpox. HHVZ infects 
mainly adults with compromised immunity. Treatment is mainly with a prophylactic vaccination, and the illness can be moderated by 
antiviral therapy. Complications of infection can produce serious morbidity with post-herpetic neuralgia.

Authors Statement

The authors have no conflicts of interest to declare.

Bibliography

1.	 Norkin LC. “Herpesviruses in Virology: Molecular biology and pathogenesis”. Washington, DC: ASM Press. Ch 18 (2010): 471-520.

2.	 Whitley RJ and Roizman B. “Herpes simplex virus infections”. The Lancet 357.9267 (2001): 1513-1518. 

3.	 Creed R and Satyaprakash AP. “Varicella zoster vaccines”. Dermatologic Therapy 22.2 (2009): 143-149.

4.	 Gray WL. “Simian varicella: a model for human varicella-zoster virus infections”. Reviews in Medical Virology 14.6 (2004): 363-381.

https://www.ncbi.nlm.nih.gov/books/NBK8157/
https://www.msdmanuals.com/en-in/home/infections/herpesvirus-infections/herpes-simplex-virus-hsv-infections
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1529-8019.2009.01226.x
https://pubmed.ncbi.nlm.nih.gov/15386593/


Citation: Louis ZG Touyz., et al. “Human Herpes Varicella Zoster: An Appraisal, Pathogenesis and Therapy”. EC Dental Science 22.3 (2023): 
118-125.

124

Human Herpes Varicella Zoster: An Appraisal, Pathogenesis and Therapy

5.	 Arvin AM., et al. “Varicella-zoster virus T cell tropism and the pathogenesis of skin infection”. Current Topics in Microbiology and Im-
munology 342 (2010): 189-209.

6.	 Corey L., et al. “Genital herpes simplex virus infections: clinical manifestations, course, and complications”. Annals of Internal Medi-
cine 98.6 (1983): 958-972. 

7.	 Saleh D., et al. Herpes Simplex Type 1 (2021).

8.	 Davies N., et al. “Herpes simplex virus type 2 and recurrent meningitis”. The Lancet 364.9433 (2004): 501-502. 

9.	 Corey L. “First-episode, recurrent, and asymptomatic herpes simplex infections”. Journal of the American Academy of Dermatology 
18.1-2 (1988): 169-172. 

10.	 Gershon A., et al. “Varicella zoster virus infection”. Nature Reviews Disease Primers 1 (2015): 15016. 

11.	 Arvin A., et al. “Human Herpesviruses: Biology, Therapy, and Immunoprophylaxis”. Cambridge: Cambridge University Press (2007).

12.	 Weinberg JM. “Herpes zoster: Epidemiology, natural history, and common complications”. Journal of the American Academy of Derma-
tology 57.6 (2007): S148-S149.

13.	 Kawai K., et al. “Systematic review of incidence and complications of herpes zoster: towards a global perspective”. BMJ Open 4 (2014): 
e004833. 

14.	 Kamma J., et al. “Herpes viruses and periodontopathic bacteria in early-onset periodontitis”. Journal of clinical Periodontology 28.9 
(2001): 879-885.

15.	 Contreras A and Slots J. “Herpesviruses in periodontal diseases”. Journal of Periodontal Research 35 (2000): 3-16.

16.	 Slots J. “Oral viral infections of adults”. Periodontology 2000 49 (2009): 60-86.

17.	 Slots J. “Human viruses in periodontitis”. Periodontology 2000 53 (2010): 89-110.

18.	 Straface G., et al. “Herpes Simplex Virus Infection in Pregnancy”. Infectious Diseases Obstetrics Gynecology (2012). 

19.	 Anzivino E., et al. “Herpes simplex virus infection in pregnancy and in neonate: status of art of epidemiology, diagnosis, therapy and 
prevention”. Virology Journal 6.6-40 (2009).

20.	 Anderson TC., et al. “Use of recombinant Zoster Vaccine in Immunosuppressed adults. Aged≥19 years: Recommendations of the 
Advisory Committee on Immunization Practices- United States, 2022”. Morbidity and Mortality Weekly Report 71.80 (2022): 80-84. 

21.	 Food and Drug Administration. Shingrix [package insert], revised: 07/2021. Silver Spring, MD: US Department of Health and Human 
Services, Food and Drug Administration (2021). 

22.	 Singh G., et al. “Recombinant zoster vaccine (Shingrix®): a new option for the prevention of herpes zoster and postherpetic neural-
gia”. The Korean Journal of Pain 33.3 (2020): 201-207. 

23.	 Kroger A., et al. “General best practice guidelines for immunization. Best practices guidance of the Advisory Committee on Immuniza-
tion Practices (ACIP)”. Atlanta, GA: US Department of Health and Human Services, CDC (2022). 

24.	 McGirr A., et al. “The comparative efficacy and safety of herpes zoster vaccines: a network meta-analysis”. Vaccine 37 (2019): 2896-
2909. 

https://pubmed.ncbi.nlm.nih.gov/20397071/
https://pubmed.ncbi.nlm.nih.gov/20397071/
https://pubmed.ncbi.nlm.nih.gov/6344712/
https://pubmed.ncbi.nlm.nih.gov/6344712/
https://www.sciencedirect.com/science/article/pii/S1201971209000745
https://pubmed.ncbi.nlm.nih.gov/3276742/
https://pubmed.ncbi.nlm.nih.gov/3276742/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5381807/
https://pubmed.ncbi.nlm.nih.gov/21348071/
https://pubmed.ncbi.nlm.nih.gov/18021864/
https://pubmed.ncbi.nlm.nih.gov/18021864/
https://pubmed.ncbi.nlm.nih.gov/24916088/
https://pubmed.ncbi.nlm.nih.gov/24916088/
https://pubmed.ncbi.nlm.nih.gov/11493359/
https://pubmed.ncbi.nlm.nih.gov/11493359/
https://pubmed.ncbi.nlm.nih.gov/15853936/
https://pubmed.ncbi.nlm.nih.gov/19152526/
https://pubmed.ncbi.nlm.nih.gov/20403107/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3332182/
https://pubmed.ncbi.nlm.nih.gov/19348670/
https://pubmed.ncbi.nlm.nih.gov/19348670/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ajt.16649
https://onlinelibrary.wiley.com/doi/abs/10.1111/ajt.16649
https://pubmed.ncbi.nlm.nih.gov/32606264/
https://pubmed.ncbi.nlm.nih.gov/32606264/
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://pubmed.ncbi.nlm.nih.gov/30982636/
https://pubmed.ncbi.nlm.nih.gov/30982636/


Citation: Louis ZG Touyz., et al. “Human Herpes Varicella Zoster: An Appraisal, Pathogenesis and Therapy”. EC Dental Science 22.3 (2023): 
118-125.

125

Human Herpes Varicella Zoster: An Appraisal, Pathogenesis and Therapy

25.	 Vink P., et al. “Z-041 Study Group. Immunogenicity and safety of the adjuvanted recombinant zoster vaccine in chronically immuno-
suppressed adults following renal transplant: a phase 3, randomized clinical trial”. Clinical Infectious Diseases 0 (2020): 18190.  

26.	 Whitley R., et al. “Pathogenesis and disease”. In: Human Herpes viruses: Biology, Therapy, and Immuno-prophylaxis”. Cambridge 
University Press, Cambridge (2007). 

27.	 (PDF) Herpes Viruses: An Appraisal, Clinical Reports and Insights (2021). 

28.	 Stevens DA and Merigan TC. “Zoster immune globulin prophylaxis of disseminated zoster in compromised hosts. A randomized trial”. 
International Archives of Internal Medicine 140.1 (1980): 52-54. 

29.	 Kausmally L., et al. “Neutralizing human antibodies to varicella-zoster virus (VZV) derived from a VZV patient recombinant antibody 
library”. Journal of General Virology 85.12 (2004): 3493-3500. 

30.	 Mitka M. “FDA approves shingles vaccine: herpes zoster vaccine targets older adults”. The Journal of the American Medical Association 
296.2 (2006): 157-158.

31.	 Pan CX., et al. “Global herpes zoster incidence, burden of disease, and vaccine availability: a narrative review”. Therapeutic Advances 
in Vaccines and Immunotherapy (2022): 10. 

32.	 Han Da Hee. “ACIP: New Vaccine Recommendations for Shingles Prevention”. MPR (2017).

33.	 Gershon MD and Gershon AA. “VZV infection of keratinocytes: production of cell-free infectious virions in vivo”. Current Topics in 
Microbiology and Immunology 342 (2010): 173-188. 

34.	 Pedersen C., et al. “Immunization of early adolescent females with human papillomavirus type 16 and 18 L1 virus-like particle vac-
cine containing AS04 adjuvant”. Journal of Adolescent Health 40 (2007): 564-571.

35.	 Campbell A., et al. “Literature review on one and two-dose varicella vaccination”. Canada Communicable Disease Report 36.10 (2010): 
1-24.

36.	 Kimberlin DW and Whitley RJ. “Antiviral therapy of HSV-1 and -2”. In: Arvin A, Campadelli-Fiume G, Mocarski E, Moore PS, Roizman 
B, Whitley R, Yamanishi K, editors. Human Herpesviruses: Biology, Therapy, and Immunoprophylaxis. Cambridge: Cambridge Uni-
versity Press 64 (2007). 

37.	 Arvin AM. “Varicella-zoster virus (VZV) ASM Journals”. Clinical Microbiology Reviews 9.3 (2021). 

38.	 Marrack P., et al. “Towards an understanding of the adjuvant action of aluminium”. Nature Reviews Immunology 9 (2009): 287-293.

39.	 Wilkins AL., et al. “AS03- and MF59-adjuvanted influenza vaccines in children”. Frontiers in Immunology 8 (2017): 1760.

40.	 Kaslow DC and Biernaux S. “RTS,S: toward a first landmark on the Malaria Vaccine Technology Roadmap”. Vaccine 33 (2015): 7425-
7432. 

41.	 Bulakbas IN and Kocaoglu M. “Central Nervous System Infections of Herpesvirus Family”. Neuroimaging Clinics of North America 18.1 
(2008): 53-84.

42.	 Touyz L.Z.G. (2023) Periodontitis: A Dual Infection. Current Opinion. CO 3 (1). 238-248.

43.	 Nassani L.M., Fernandes J.C.H., Fernandes G.V.O., Touyz L.Z.G. (2023).  Herpes gladiatorum in sports: an appraisal for health care 
workers and team dentist. Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology. DOI: 10.1016/j.ajoms.2023.02.005

Volume 22 Issue 3 March 2023
© All rights reserved by Louis ZG Touyz., et al.

https://academic.oup.com/cid/article/70/2/181/5370445
https://academic.oup.com/cid/article/70/2/181/5370445
https://pubmed.ncbi.nlm.nih.gov/21348130/
https://pubmed.ncbi.nlm.nih.gov/21348130/
https://mansapublishers.com/index.php/jofr/article/view/3124
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/599472
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/599472
https://pubmed.ncbi.nlm.nih.gov/15557222/
https://pubmed.ncbi.nlm.nih.gov/15557222/
https://pubmed.ncbi.nlm.nih.gov/16835412/
https://pubmed.ncbi.nlm.nih.gov/16835412/
https://pubmed.ncbi.nlm.nih.gov/35340552/
https://pubmed.ncbi.nlm.nih.gov/35340552/
https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/shingles.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5408736/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5408736/
https://www.researchgate.net/publication/6303539_Immunization_of_Early_Adolescent_Females_with_Human_Papillomavirus_Type_16_and_18_L1_Virus-Like_Particle_Vaccine_Containing_AS04_Adjuvant
https://www.researchgate.net/publication/6303539_Immunization_of_Early_Adolescent_Females_with_Human_Papillomavirus_Type_16_and_18_L1_Virus-Like_Particle_Vaccine_Containing_AS04_Adjuvant
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6802437/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6802437/
https://journals.asm.org/doi/10.1128/CMR.9.3.361
https://pubmed.ncbi.nlm.nih.gov/19247370/
https://pubmed.ncbi.nlm.nih.gov/29326687/
https://pubmed.ncbi.nlm.nih.gov/26431982/
https://pubmed.ncbi.nlm.nih.gov/26431982/
https://pubmed.ncbi.nlm.nih.gov/18319155/
https://pubmed.ncbi.nlm.nih.gov/18319155/

