
111© Springer Nature Switzerland AG 2021 
S. K. Tyring et al. (eds.), Overcoming Antimicrobial Resistance of the Skin, Updates in Clinical 
Dermatology, https://doi.org/10.1007/978-3-030-68321-4_7

Reemerging Viral Infections: 
Implications of Lack of Vaccination

Ritu Swali, Claire Wiggins, Sahira Farooq, 
Radhika A. Shah, and Emily Limmer

Abbreviations

AIDS Acquired immunodeficiency syndrome
CCHF Crimean-Congo hemorrhagic fever
CDC Centers for Disease Control and Prevention
CRS Congenital rubella syndrome
CSF Cerebrospinal fluid
DFA Direct fluorescent antibody
DNA Deoxyribonucleic acid
ELISA Enzyme-linked immunosorbent assay
HBV Hepatitis B virus
HCV Hepatitis C virus
HI Hemagglutinin inhibition
HIV Human immunodeficiency virus
HLA Human leukocyte antigen
HPV Human papillomavirus
HZ Herpes zoster
IFN Interferon
Ig Immunoglobulin
MMR Measles-mumps-rubella

MMRV Measles-mumps-rubella-varicella
NSAID Nonsteroidal anti-inflammatory drug
PCR Polymerase chain reaction
PHN Postherpetic neuralgia
PRN Plaque reduction neutralization
RNA Ribonucleic acid
RV Rubella virus
SARS Severe acute respiratory syndrome
SPS Shingles Prevention Study
STI Sexually transmitted infection
UV Ultraviolet
VZV Varicella-zoster virus
WHO World Health Organization

 Introduction

Mucocutaneous manifestations of viruses result 
from the replication of viral organisms either pri-
marily in the epidermis or as a secondary effect 
of viral replication elsewhere [1]. Along with 
being the largest physical barrier against patho-
logic microorganisms, the skin has an innate anti-
viral immune system composed of endogenous 
antiviral proteins, e.g., interferons as well as 
interferon-independent pathways, and environ-
mental factors [2]. However, in certain popula-
tions, a loss, lack of, or suppression of antiviral 
proteins will make way for viral diseases to man-
ifest. Patients with inflammatory skin conditions, 
at extremes of age, and with an immunocompro-
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mised status could benefit from enhanced antivi-
ral immunity [2].

The advent of vaccinations changed the face 
of modern medicine in 1796 when Edward Jenner 
noted that milkmaids who had bouts of cowpox 
did not contract smallpox. At the time, smallpox 
had a 30% mortality rate and left survivors with 
debilitating scars, including corneal scars, 
 resulting in blindness [3]. After several years, he 
published his research in “On the Origin of the 
Vaccine Inoculation,” documenting that variola-
tion could, and would, eventually lead to the 
eradication of the “speckled monster” [3]. The 
smallpox vaccine with public health measures 
led to eradication of the number one infectious 
disease killer in the history of the world (until the 
last smallpox patient was treated in 1977). Since 

then, the development of vaccines for other infec-
tions has markedly reduced morbidity and mor-
tality from multiple fatal infectious diseases in 
many parts of the world (Fig. 7.1) [4].

Vaccines provide active immunity by intro-
ducing a modified component of a pathogen to 
the host, thus stimulating the host’s immune sys-
tem to memorize how to identify and attack the 
virus upon re-exposure. Passive immunity is 
developed by transferring antibodies from one 
host to another, giving the host tools to attack the 
virus without the ability to recognize it. Many 
primary and secondary viral skin diseases pre-
dominantly have been prevented with active 
immunization strategies [1].

The recent anti-vaccination movement is 
rooted in the miseducation of social media influ-

Global number of child deaths per year – by cause of death
Shown is the number of children younger than 5 year who died in a year. The height of the bar shows the total number of deaths with colored
sections showing the number of children who died of diseases that are wholly or partially preventable by vaccines.
The number od child deaths for which there are vaccines available declined from 5.5 million deaths in 1990 to 1.8 million deaths 27 years later.
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Fig. 7.1 Based on data from the Institute for Health 
Metrics and Evaluation, vaccine-preventable deaths have 
dramatically decreased over the past few decades. 
(Reprinted from Our World in Data: Vaccination, by 

Vanderslott S, Dadonaite B, and Roser M., 2015. https://
ourworldindata.org/vaccination. Link to license: https://
creativecommons.org/licenses/by/4.0. No changes were 
made to the original content)
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encers combined with vulnerable parenting. A 
large role played by the healthcare industry was 
the publication of a paper in The Lancet in 1998 
by British physician Andrew Wakefield, who 
suggested plausibility in the link between autism 
and the measles-mumps-rubella (MMR) vaccine 
[5]. The paper was retracted in 2010, accompa-
nied by a detailed commentary in The British 
Medical Journal by Deer et  al. the following 
year, documenting that Wakefield had been paid 
by anti-vaccine lobbyists to make false proclama-
tions of the dangers of the MMR vaccine [6]. 
Wakefield subsequently lost his license to prac-
tice medicine in the United Kingdom; however, 
widespread fear of vaccinations had already 
spread throughout the world, resulting in vacci-
nation refusal [7–10]. Common tactics used by 
“anti-vaxxers,” including skewing science, cen-
soring opposition, attacking critics, and claiming 
that vaccines are toxic, have been very effective 
in continuing this trend [11].

Consequentially, unfounded fears of vaccina-
tion are often attributed to Wakefield’s discred-
ited publication and to general distrust of the 
medical and pharmaceutical establishments. 
Fears of adverse effects and vaccine safety far 
outweigh other societal beliefs to avoid vaccina-
tions (Fig. 7.2) [12]. Other facts, however, may 
play a role such as the fact most persons currently 
having children did not suffer these illnesses 
because their parents had them vaccinated [12]. 
Therefore, they have no firsthand knowledge of 
the morbidity and mortality that can result from 
measles or rubella infections. Furthermore, dis-
trust of western medicine due to political reasons 
has prevented children from receiving MMR, 
polio, and other vaccines in conflict zones. For 
example, Doctors Without Borders were forced 
to leave certain areas of the Democratic Republic 
of Congo in 2019, because rebel groups burned 
their clinics and murdered healthcare workers 
[13]. Therefore, neither MMR nor the recently 
approved Ebola vaccine reached the susceptible 
individuals. Surprisingly, recent surveys on vac-
cine safety demonstrated higher percentages of 
distrust in vaccines in regions associated with 
higher education levels, such as Western Europe 
and North America, versus regions perceived to 

have lower education rates, including Africa and 
Central America (Fig. 7.3) [14].

Another reason that some persons avoid life-
saving vaccines may be apathy or the belief that 
they are not susceptible to a particular infection 
[12]. The 2019–2020 influenza season is an 
example: thus far, >12,000 Americans, including 
27 children, have died of influenza [15]. Many 
persons still will not receive the vaccine, citing 
such pseudo-reasons from previous influenza 
seasons that the vaccine was not 100% effective; 
therefore, “it is not worth the pain of the injec-
tion.” Others may state that the “flu-like syn-
drome resulting from vaccination is worse than 
the flu.” This statement is extremely misleading, 
because the cytokine storm that may result from 
vaccination is not fatal, but influenza kills [12].

Today, previously eliminated viral infections 
have reemerged, and implications of decreased 
herd immunity are becoming increasingly 
apparent.

 Reemerging Primary Viral 
Infections of the Skin

 Varicella-Zoster Virus: Primary 
Varicella (Chickenpox)

Primary varicella-zoster virus (VZV), or vari-
cella, is a highly contagious member of the 
Herpesvirus family. Although only one serotype 
is known, five viral clades have been identified, 
spanning Europe (1, 3, and 5), Asia (2), and 
Africa (4) [16]. The virus evolved alongside early 
human ancestors, likely originating in Africa and 
spreading worldwide [17]. VZV is highly host- 
specific, naturally infecting only humans, primar-
ily affecting pre-adolescent children. Varicella 
does not have a predilection for any race or gen-
der [18]. The number of chickenpox cases is on 
the decline after the utilization of effective vac-
cines; however, as vaccination rates fall, the num-
ber of cases will subsequently increase [19, 20].

Historically, varicella was regarded as one of 
childhood’s rites-of-passage, a mere nuisance 
compared to the threat of the similar appearing, 
but more sinister, smallpox. However, with small-
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pox long eradicated, the notion of varicella as 
innocuous was challenged. In the setting of medi-
cal advances in pediatric cancer treatments in the 
1960s, immunocompromised children, newly 
cured of cancer, were now at risk for severe mor-
bidity and mortality from VZV [23]. Dr. Thomas 
Weller was the first to isolate and cell-culture 
VZV in 1954 and confirm that herpes zoster (HZ) 
and varicella are caused by the same vector 

(VZV) [24]. Dr. Michiaki Takahashi from Japan 
created the first live attenuated VZV vaccine, 
approved in 1986. Japan and South Korea were 
among the first countries to vaccinate for chick-
enpox in 1988, with the United States following 
suit in 1995 [25]. The varicella vaccine is licensed 
and available worldwide but is only used rou-
tinely in a subset of countries. In the United 
States in 1995, there were over 120,000 cases of 
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Fig. 7.2 Various reasons for vaccine hesitancy versus 
vaccine support reported in the literature. (Reprinted from 
Attitudes to vaccination: A critical review., by Yaqub O, 
Castle-Clarke S, Sevdalis N, and Chataway J. https://well-

come.ac.uk/reports/wellcome- global- monitor/2018/
chapter- 5- attitudes- vaccines. No changes were made to 
the original content)
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chickenpox and 115 deaths attributed to the virus. 
Less than 50,000 cases have been reported after 
1998 and less than 40 deaths annually since 2000, 
due to the advent of the chickenpox vaccine [26].

Varicella initially manifests after a prodrome 
of fever, malaise, and loss of appetite. Over the 
next week, generalized pruritic papules develop 
and evolve into vesicles with surrounding ery-
thema, pustules, and lastly crusted papules until 

resolution occurs with residual hypopigmenta-
tion. Lesions appear in a series of crops so that 
the different stages of lesion development may be 
observed at one point in time. Distribution of the 
lesions is concentrated centrally rather than on 
distal extremities. In previously healthy patients, 
the symptoms usually last about 3–7 days. The 
scabs may take several weeks to heal, however, 
often leaving behind scars. The severity of dis-

Percentage of people who answered ‘strongly agree’, ‘somewhat agree’, ‘neither agree nor disagree’,
‘somewhat disagree’, ‘strongly disagree’ or ‘no opinion’
Do you agree, disagree, or neither agree nor disagree with the following statement? Vaccines are safe
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ease can range from a barely noticeable rash to 
hundreds of vesicles. Complications include bac-
terial superinfection of skin lesions, pneumonia, 
sepsis, cerebellar ataxia, and encephalitis. 
Diagnosis is made clinically, but polymerase 
chain reaction (PCR) for VZV DNA is the labo-
ratory test of choice to confirm the diagnosis 
when the presentation is atypical [23].

Although it is debated whether or not VZV is 
transmitted via respiratory droplets, the vesicular 
fluid is highly contagious. The transmission rate 
is directly proportional to the number of cutane-
ous lesions, with no spread of disease in the 
absence of lesions [27]. Once the virus reaches a 
susceptible host, the respiratory tract and adja-
cent lymphatics become infected. VZV then 
infects T lymphocytes, which migrate to the kera-
tinocytes, among other cells in the body [28]. 
Although the innate immune system fights back 
against the virus with the production of alpha- 
interferon, viral proliferation surmounts this 
effort, resulting in the production of cutaneous 
lesions [29]. The incubation period for VZV can 
be several weeks, mediated by cell-to-cell spread 
rather than extracellular viral dissemination. It is 
for this reason that patients who lack a sufficient 
cell-mediated host response are particularly vul-
nerable to VZV, as T lymphocyte response is 
more important than the production of specific 
antibodies. During primary infection, the virus 
establishes dormancy in sensory ganglia, where it 
can be reactivated years later [30, 31].

Primary VZV infection is most common in 
unvaccinated children, although when it affects 
unvaccinated adolescents or adults, the clinical 
course is more severe. Vaccine effectiveness for 
preventing disease with one dose ranges from 
55% to 87%, while two doses prevent 84% to 
98% of disease. The United States and Canada 
are among the few countries that schedule two 
routine doses of the vaccine [19–22]. Prior to this 
vaccination policy in the United States, there 
were 100–150 annual deaths from VZV [32]. The 
vaccine has proven to be very safe and can even 
be used safely in select immunocompromised 
patients [19]. The most common reaction is a 
mild rash several weeks after vaccination, which 

occurs in about 5% of patients [32]. More critical 
side effects, such as severe rash, pneumonia, and 
neurological symptoms, have been documented 
rarely around the globe in children who were 
immunocompromised without knowledge of this 
status prior to vaccination [23].

Because vaccination rates remain moderate to 
high, major decreases in varicella disease burden 
have been seen. However, as expansion of the 
vaccination programs continues, concern has 
been raised that vaccination produces weaker 
immunity than would be naturally derived 
through infection. This may translate to increased 
cost and morbidity associated with herpes zoster 
(HZ). The effects of preventing primary infection 
have yet to be fully realized, particularly in the 
setting of additionally vaccinating for HZ. There 
have been studies showing up to 72% reduced 
risk of HZ after VZV vaccine in pediatrics [33].

Therapy for varicella previously was support-
ive care to reduce inflammation and pruritus; 
however, well-tolerated oral antiviral medica-
tions, such as acyclovir, are commonly used 
today. Acyclovir-resistant VZV is rare, but in 
such cases foscarnet may be alternatively used. In 
healthy patients less than 12 years of age, antivi-
ral treatment is not typically recommended, but is 
cost-effective, because it allows the child and 
parent to return to school and work sooner. 
Potential complications of varicella include bac-
terial superinfection of lesions, neurological 
symptoms, and maternal pneumonia and congen-
ital transmission in pregnant women. Prognosis 
with treatment is favorable but is worse in immu-
nocompromised and elderly patients [34].

 Varicella-Zoster Virus: Herpes Zoster 
(Shingles)

Recognition of the dermatomal rash of herpes 
zoster (HZ)—also known as shingles—dates 
back to ancient times. HZ has been aptly named 
across cultures: in Spanish, Culebrilla literally 
means “small snake”; in Norwegian, Helvetesild 
translates to “hell’s fire”; in German, Gürtelrose 
is “belt of rose(thorns)”; and in Arabic, Hezam 
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innar describes a “belt of fire” [35]. In 1888, von 
Bokay suggested a relationship between chicken-
pox and HZ after he observed that children with-
out varicella immunity developed chickenpox 
following exposure to HZ [36, 37].

HZ is highly prevalent and, per some studies, 
increasing in age-adjusted incidence worldwide, 
although precise epidemiologic data is difficult to 
obtain [38, 39]. Data from different populations 
within several countries estimate a median zoster 
incidence of 4 to 4.5 per 1000 person-years. In 
immunocompetent individuals, this rate is esti-
mated at 1.2 to 3.4 cases per 1000 person-years, 
with an increased risk in those older than 65 years 
of age at 3.9 to 11.8 cases per 1000 person-years 
[35, 40]. Approximately 1 million cases of HZ 
occur annually in the United States, with 8% of 
those cases in immunocompromised patients. HZ 
risk increases with age. The average age of onset 
in adults is 50  years. Postherpetic neuralgia 
(PHN), the most common HZ complication, also 
increases with age, with 80% of cases occurring 
in patients older than 50 years [35]. As the per-
centage of elderly people in the global population 
increases, it is likely that more cases of HZ will 
be seen each year. Other than age and immune 
status, a family history of HZ is the best predictor 
of shingles [41, 42]. Through strategic adult vac-
cination for HZ, boosting the aging immune sys-
tem to protect against viral reactivation, HZ 
complications can be prevented.

In contrast to varicella, which is caused by an 
acute varicella-zoster virus (VZV) infection, HZ 
is caused by a reactivation of the same virus, 
which commonly lies dormant in the dorsal root 
ganglia, autonomic ganglia, and cranial nerve 
ganglia [35]. VZV reactivation events are typi-
cally suppressed by T-cell-mediated immunity 
and remain subclinical [43]. However, in immu-
nosuppressed or immunosenescent individuals 
with weakened cell-mediated immunity, VZV 
reactivation yields clinical HZ. Viral replication 
results in ganglionitis and local destruction of tis-
sue, producing an inflammatory response that is 
the likely cause of the classic prodromal pain of 
HZ [35].

HZ patients typically experience a prodromal 
pain, often described as “burning,” “stabbing,” or 
“shooting,” the cause of which becomes apparent 
once dermatomal skin lesions become visible 
days later [44]. The time from the onset of pain to 
the outbreak of skin lesions represents the transit 
time for the virus to spread from the ganglia, 
down the nerve endings, to the epidermal-dermal 
junction to finally replicate at the skin’s surface. 
First, an erythematous, macular phase develops 
which progresses into papules and vesicles. HZ 
lesions can be seen at all stages of development 
once the vesicular phase is reached. Vesicular 
pustulation occurs within a week of rash onset, 
and after several more days, lesions ulcerate and 
crust over. These crusts take longer to resolve, 
usually after several weeks, potentially leaving 
behind areas of hypo-/hyper-pigmentation or 
scarring. If vesicular lesions continue to erupt for 
longer than a week, or if there is extensive 
involvement of multiple dermatomes, investiga-
tion for an underlying immunodeficiency should 
be conducted [35].

HZ is generally diagnosed clinically based on 
the characteristic rash and other accompanying 
signs and symptoms. However, in some cases, the 
diagnosis may be less obvious. The rash may be 
absent (as in zoster sine herpete), limited, or, in 
the case of immunocompromised patients, atypi-
cal [45]. These situations warrant further diag-
nostic testing. Polymerase chain reaction (PCR) 
is the preferred method as it provides results in 
about a day and is the most sensitive and specific 
laboratory test for detecting VZV [36]. PCR can 
test lesions of all stages and can aid in the diagno-
sis of vaccine-modified infection [46]. It can also 
test non-cutaneous specimens such as CSF and 
blood [45, 46]. If PCR is not available, direct 
fluorescent antibody (DFA) is an alternative, 
though it is significantly less sensitive than PCR 
and less useful if scrapings are from late-stage 
lesions [36, 45]. Viral culture is also less sensitive 
than PCR and requires a longer turnaround time 
[36]. Additionally, viral proteins remain after 
viral replication has ceased, so PCR and DFA can 
be positive when viral culture is negative [36]. 
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Serologic tests such as the latex agglutination 
assay and enzyme-linked immunosorbent assays 
(ELISA) can be used to screen for immunity to 
varicella [36].

Latent VZV is kept from reactivation by a 
competent immune system. Increasing age cor-
relates with a reduction in VZV-specific cell- 
mediated immunity and is the most important 
risk factor for herpes zoster and its complica-
tions, followed by a family history of shingles. 
The estimated lifetime risk in the general popula-
tion is about 30% with risk increasing dramati-
cally past the age of 50 [48]. On the opposite end 
of the age spectrum, varicella infection that 
occurs at a time when cellular immunity is not 
fully matured (i.e., in utero or early infancy) is 
associated with risk for pediatric herpes zoster 
[45]. Disease-related immunosuppression in 
HIV/AIDS, diabetes mellitus, or malignancies 
such as leukemia and lymphoma also increase 
risk [45, 48]. Organ or hematopoietic stem cell 
transplant patients as well as patients with auto-
immune diseases (e.g., inflammatory bowel dis-
ease, rheumatoid arthritis, systemic lupus 
erythematosus, etc.) are also at increased risk due 
to use of immunosuppressant therapy. 
Additionally, risk of herpes zoster is reported to 
be higher in Caucasians more than those of 
African ancestry and in pregnant women. It is 
markedly higher in unvaccinated individuals and 
in those with a family history of herpes zoster 
[45, 47].

HZ can result in significant complications. 
PHN, defined as unresolved pain months after 
rash onset, occurs in about 20% of patients with 
HZ [49]. Both peripheral and central nervous 
system components can contribute to PHN, 
explaining the variety of pain types described by 
patients, such as burning, electric-shock-like, 
throbbing, and allodynia [50]. Thought to be due 
to a different mechanism, postherpetic itch is also 
a common complication. Significant physical and 
emotional disability associated with PHN and 
postherpetic itch is common, leading to impaired 
patient quality of life and increased healthcare 
costs. In the United States, gabapentin, lidocaine 
patches, pregabalin, tricyclic antidepressants, 

and opioid analgesics are often used as first-line 
treatments, but many patients report inadequate 
symptom control with one or more of these treat-
ments [50]. Acute and chronic VZV encephalitis 
is a rare but serious complication of HZ which 
can occur before or after rash onset, character-
ized by delirium and other neurological symp-
toms. Particularly in HZ ophthalmicus, VZV can 
invade the large cerebral arteries and cause necro-
sis, producing transient ischemic attacks or 
strokes several weeks after the initial disease. 
VZV can also directly invade the spinal cord, 
leading to myelitis, or invade the retina and cause 
retinitis [50].

In light of these complications and widespread 
incidence, defense against HZ is critical to public 
health. A live attenuated varicella vaccine was 
developed in Japan in 1974 and became the first 
licensed shingles vaccine in the United States in 
2006 [36]. The Food and Drug Administration 
licensed Zostavax® (zoster live vaccine) which is 
now indicated for adults ages 50 and over [37]. 
The CDC has recommended that unless a contra-
indication exists, all adults age 60 and older 
should receive one dose of the shingles vaccine 
regardless of past varicella infection or immunity 
status. Contraindications to the vaccine include 
pregnancy, significant allergy to a vaccine com-
ponent, and an immunocompromised state. The 
vaccine was derived from the original primary 
VZV vaccine after it was noted that, with 
increased potency, the Oka-derived varicella vac-
cine could improve T-cell-mediated immunity in 
older adults and thus protect against HZ out-
breaks [51]. The Shingles Prevention Study 
(SPS) studied 38,546 immunocompetent subjects 
over 60  years old who were randomized to 
receive either a dose of the Oka/Merck VZV vac-
cine or a placebo injection. This multi-center trial 
revealed that the vaccine led to a 51.3% decrease 
in HZ, 39% decrease in PHN in those who did 
develop HZ, and overall decrease in disease bur-
den by 61.1%. The vaccine was overall very well 
tolerated with mild side effects including injec-
tion site rash, headache, and zoster-like rash 
occurring several weeks after vaccination [51]. 
Additionally, a new recombinant zoster vaccine 
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approved in 2017, Shingrix, is the current recom-
mended vaccine for shingles in the United States 
due to the lack of live vaccine-related adverse 
effects and improved efficacy [52]. It is recom-
mended for persons aged 50 years and older. A 
heat-treated vaccine, created from the same Oka/
Merck viral strain as in Zostavax, is under devel-
opment for use in immunocompromised patients.

Clinicians face common vaccination barriers 
in the prevention of shingles, especially since 
many patients do not recall episodes of primary 
VZV during childhood. However, nearly all 
adults have serologic evidence of prior VZV 
exposure and thus should be vaccinated regard-
less of prior chickenpox history. Even more so, 
now that there is increased refusal for the primary 
varicella vaccine, the incidence of shingles is 
expected to increase as this population ages. As 
the burden of disease is significant, cost coverage 
of the HZ vaccine is also advisable in order to 
provide coverage for all patients [49].

Treatment for HZ in immunocompetent 
patients should include systemic antiviral therapy 
and as-needed pain medication for patients over 
50 years of age, with moderate to severe pain or 
moderate to severe rash. Gabapentin has shown 
to decrease chronic pain if initiated at acute onset 
of the rash [53]. Treatment with antiviral medica-
tions has been shown to decrease pain duration in 
multiple randomized and controlled clinical tri-
als. Brivudine (not available in the United States), 
famciclovir, and valacyclovir have demonstrated 
greater efficacy than acyclovir in clinical trials, 
although other issues such as cost, dose fre-
quency, and patient frailty should be considered. 
There is currently no evidence for the use of anti-
viral treatment after 72 hours of rash onset, unless 
vesicles are continuing to form. In immunocom-
promised patients, intravenous rather than oral 
acyclovir is the standard treatment, as there is 
limited data for outpatient oral medication use in 
these populations. HIV-positive patients need 
treatment until all lesions have healed due to 
increased risk for relapse. HZ ophthalmicus treat-
ment should be overseen by an ophthalmologist 
with cool ocular compresses, antibiotic ophthal-
mic ointments, and topical steroids. Pregnant 

women can be treated when the benefit of antivi-
rals outweighs the risk of harm to the fetus, while 
breast-feeding mothers are also treated cau-
tiously, as acyclovir can be transmitted via breast 
milk [50].

 Human Papillomavirus

Human papillomavirus (HPV) is the most com-
mon sexually transmitted infection; however, 
vaccines against the virus have shown to be very 
safe and effective in preventing disease. The 
bivalent, quadrivalent, and nonavalent vaccines 
prevent cervical and other anogenital cancers as 
well as some oral and other HPV-associated can-
cers, with the quadrivalent and nonavalent vac-
cines additionally protecting against condyloma 
accuminatum or anogenital warts. The World 
Health Organization (WHO) has recommended 
that HPV vaccines be included in all national 
immunization schedules since April 2009 [54]. 
Public and private organizations, such as Gavi, 
the Vaccine Alliance, have worked to provide 
subsidized and free vaccines to low- and low- 
middle- income countries given the extensive 
impact of preventing HPV-associated disease 
[55].

Although great policy strides have been made 
to promote HPV vaccines, about 35,000 cases of 
HPV-associated cancer and millions of other 
cases of non-cancerous disease are diagnosed in 
the United States annually [56]. Even when vac-
cines are made available to adolescent males and 
females, the ideal candidates for vaccination, 
they remain underutilized [57]. This is unfortu-
nately due to gaps in guardian vaccine education, 
provider hesitancy to make strong recommenda-
tions for vaccination, and guardian refusal due to 
perceived stigma associated with the HPV vac-
cine [58–62]. The vaccine was initially approved 
for cervical cancer, so it is often mistaken to be 
only for females [61, 62]. Furthermore, guardian 
hesitancy related to the vaccine is in part due to 
the stigma of sexually transmitted infections 
(STIs) and reluctance to consider the minor in 
their care to be at risk for STIs [58–60]. 

7 Reemerging Viral Infections: Implications of Lack of Vaccination



120

Healthcare providers may not educate patients 
and their families appropriately on the vaccine 
[58–60]. Due to reasons such as these, only about 
half of recommended adolescents receive the 
vaccine [60]. More than 70% of adults are not 
aware the HPV causes cervical, oral, penile, and 
anal cancers [60]. Although screening via pap 
smears has greatly decreased cervical cancer 
rates, other forms of HPV-induced cancers are on 
the rise [60]. Men received healthcare provider 
recommendation for the HPV vaccine 19% of the 
time, where women received a recommendation 
31.5% of the time [57]. Productive education 
about the relevance of HPV vaccination for can-
cer prevention is critical given the current lack of 
understanding [60].

If adolescent vaccination rates fail to improve 
in the United States, more than 4000 girls annu-
ally will develop cervical cancer later in life [63]. 
In addition to the devastating public health con-
sequences, the financial burden of failing to 
 vaccinate against HPV would be astounding. 
Additional provider visits; procedures such as 
pap smears, bronchoscopies, and colposcopies; 
and treatments for cancers and warts could be 
prevented through successful vaccination pro-
grams [64]. Improving provider training to 
encourage adolescent HPV vaccination rates is 
essential in protecting public health [65].

Although adverse effects (AE) following HPV 
vaccination are rare and generally no different 
than those following vaccination with a placebo, 
the perception of AEs has been distorted by social 
media. While serious AEs are exceedingly rare, a 
single report on social media, even if unsubstanti-
ated, can instill fears on large segments of soci-
ety, thus preventing vaccination or even official 
recommendations for vaccination [66].

 Reemerging Systemic Diseases 
with Cutaneous Manifestations

 Measles

Rubeola, more commonly known as measles, has 
been documented historically since the ninth cen-
tury and likely dates back 5000–10,000  years. 

Strides in measles pathophysiology began in 
1957 with Dr. Francis Home’s discovery of mea-
sles as a hematologic infectious process [67, 68]. 
A vaccine for measles was established by John 
Enders in 1963, after he and Dr. Thomas 
C.  Peebles isolated blood-borne measles. The 
current US measles vaccine is a live, attenuated 
adaptation of this vaccine established in 1968 
[67]. The CDC initiated serious efforts to elimi-
nate measles in the late 1970s [67].

At the end of the twentieth century, over 
1000,000 persons died from measles each year. 
The majority of these deaths were in unvacci-
nated, often malnourished, children. Deaths were 
usually secondary to measles pneumonia and/or 
secondary bacterial infections. From 2000 to 
2015, the worldwide number of both measles 
cases and deaths fell by 70% and 79%, respec-
tively [68]. However, while efforts in vaccination 
were able to logistically eliminate measles in the 
United States in 2000, the incidence of measles 
in the United States is on the rise, from 63 
reported cases in 2010 to 372 reported cases in 
2018, with most cases in unvaccinated patients 
[67]. Due to the “Anti-Vaxx” movement, there 
has been more resistance to vaccine use, espe-
cially in the United States since 2014 [69]. While 
trepidation with regard to vaccines is certainly 
not a new phenomenon, current momentum is 
largely rooted in the since-retracted and discred-
ited 1998 article by Andrew Wakefield that linked 
autism to the MMR vaccine [69]. In the United 
States, it is thought that the most salient factor in 
measles outbreaks is travel to other countries 
(particularly Ukraine, Mexico, Cuba, Israel, 
Japan, Thailand, and the Philippines) and lack of 
vaccination [70]. From January 1 to December 
31, 2019, there were 1282 cases of measles 
reported in the United States (including cases in 
31 states), with approximately three quarters of 
cases diagnosed in Orthodox Jewish communi-
ties near New York City; this is the highest inci-
dence rate of measles seen in the United States 
since the 1990s [67]. Yet, these numbers are min-
iscule compared to the epidemic that crippled the 
Democratic Republic of Congo in the same year, 
counting over 230,000 incidences and more than 
6000 deaths [67]. According to 2019 preliminary 
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WHO surveillance data, measles cases have hit a 
record high across the world (Fig. 7.4) [71].

Measles is a highly contagious viral illness of 
the Paramyxoviridae family. This negative-sense 
RNA virus is single-stranded and enveloped [68]. 
Transmission is through airborne inhalation of 
respiratory droplets containing the virus [67]. 
While the incubation period has been docu-
mented to be highly variable, it is roughly 10 days 
[68]. One to two weeks after exposure to the 
virus, pulmonary symptoms as well as viral man-
ifestations like fever and coryza appear. 

Conjunctivitis can also be present, completing 
the “three Cs”: cough, coryza, and conjunctivitis 
[67, 68]. In the immediate 2 to 3 days following 
the onset of the previously described symptoms, 
small, white macules known as Koplik spots can 
be found on mucosal membranes of the oral cav-
ity on an erythematous base [67]. The measles 
exanthem appears 3–5  days after the onset of 
symptoms. The rash consists of red macules and 
papules that spread in a craniocaudal manner; 
macules may coalesce [67]. Fever often breaks 
during the cutaneous exanthem [68]. The infec-
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tious period is defined as 4 days prior and follow-
ing this exanthem [67]. Measles is transmitted 
from people with active infections to others; it 
does not remain latent [68]. Once a person has 
had measles, production of IgG antibodies to 
hemagglutinin is protective against subsequent 
infection [68].

Diagnosis is typically made clinically. 
Laboratory tests to confirm the diagnosis include 
detection of IgM or IgG antibodies in serum. 
Reverse transcriptase polymerase chain reaction 
(RT-PCR) can confirm diagnosis earlier with 
samples from the oropharynx, nasopharynx, or 
urine [68].

While measles generally resolves approxi-
mately 1 week after the cutaneous eruption 
appears, complications are often seen in patients 
less than 5 or greater than 20 years old or who are 
pregnant [67, 68]. Immunocompromised state 
and vitamin A deficiency are also risk factors for 
complications [68]. Less severe complications 
include pneumonia, laryngotracheobronchitis, 
otitis media, diarrhea, and keratoconjunctivitis. 
Pneumonia and diarrhea are often due to second-
ary viral or bacterial infections. In pregnant 
women, additional complications include sponta-
neous abortion, low birth weight, and intrauterine 
fetal death; the mother is also at increased risk of 
death [68]. Severe complications are less likely 
but more devastating. These include acute dis-
seminated encephalomyelitis, measles inclusion 
body encephalitis, and subacute sclerosing pan-
encephalitis [68]. Two recent studies on blood of 
unvaccinated Dutch children who contracted 
measles detail the concept of “immune amnesia,” 
which explains that measles virus impairs on 
average 20% of previously acquired immunity by 
killing memory B cells. Additionally, measles 
virus was found to decrease the diversity of non-
specific naive B cells, leading to impaired ability 
to form new immune memory [72]. This discov-
ery helps explain the previously epidemiological 
observation that unvaccinated children who suf-
fer from measles are subsequently more suscep-
tible to unrelated infections compared to children 
vaccinated against measles [73].

Prevention of measles is achieved through 
vaccination. Vaccination options include the 
MMR (measles-mumps-rubella) and MMR-V 
(measles-mumps-rubella-varicella) immuniza-
tion series [67]. The CDC guidelines recommend 
vaccination for children initially between 12 and 
15 months and then again between 4 and 6 years 
old. Vaccination is highly protective of measles. 
The initial vaccine is 93% effective, while the 
second dose achieves 97% efficacy [67]. For the 
remaining 3%, herd immunity is essential to pro-
vide maximum protection. Unlike vaccines for 
viruses with low transmissibility, vaccines for 
highly infectious diseases like measles have a 
low threshold to becoming ineffective, requiring 
96–99% of the population to be vaccinated to 
confer immunity. Once this is achieved, herd 
immunity extends to those who are not ade-
quately vaccinated, including young infants and 
the immunocompromised [74].

There is currently no targeted antiviral drug 
despite numerous attempts due to a combination 
of factors from pragmatic cost of manufacturing 
and shelf-life to trouble in biochemical antiviral 
design [75]. Without a specific drug therapy, 
measles treatment is often supportive and directed 
at complication management. Treatments include 
vitamin A and appropriate antibiotics for second-
ary bacterial infections. With severe cases, antivi-
rals such as ribavirin and interferon alpha can be 
helpful [68]. In studies, IFN-alpha and ribavirin 
have been shown to improve outcomes, espe-
cially through decreasing complication risk; like-
wise, vitamin A has been shown to be effective, 
particularly in patients less than 2 years old [75]. 
While complications from measles are quite 
common, cited in approximately 30%–40% of 
cases, death from measles or measles complica-
tions is rare, at 0.2% in the United States, but 
common in resource-limited parts of the world 
[76]. During outbreaks, methods such as isola-
tion of infectious persons and persons who are 
not immune have been proved efficacious in 
decreasing the number of people who get the dis-
ease. Additionally, vaccinating outbreak popula-
tions even after exposure to the virus has been 
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proven to be effective in limiting the number of 
diseased individuals. Use of immunoglobulin has 
also been shown to decrease risk of measles and 
should especially be considered in the immuno-
compromised [77].

 Rubella

Rubella virus is the causative agent in rubella dis-
ease, also known as “German measles,” which 
was first described in the 1750s by German phy-
sicians De Bergen and Orlow. In 1866, Scottish 
physician Henry Veale coined the term “rubella,” 
which he derived from the Latin word “rubellus,” 
meaning “reddish” [78]. The virus was first iso-
lated in culture in 1962, and in 1967, its structure 
was observed under electron microscopy using 
antigen-antibody complexes. Infection with the 
virus typically results in a self-limiting, measles- 
like disease; however, if the virus infects the 
fetus, especially during the first trimester, miscar-
riage or congenital rubella syndrome (CRS) may 
result. Maternal rubella infection and CRS were 
first linked by Dr. Norman Gregg, an Australian 
ophthalmologist [79].

Before the measles-mumps-rubella (MMR) 
live, attenuated vaccine was introduced, rubella 
manifested as an acute disease in children and 
young adults. Due to vaccine implementation 
strategies since 1969, the number of rubella 
cases worldwide has been greatly reduced. 
Widespread epidemics have since become 
extinct, and since 2009, endemic transmission 
in the World Health Organization’s (WHO) 
Region of the Americas has come to a halt. The 
peak age of incidence during the pre-vaccina-
tion era was 5 to 14 years but has now shifted to 
15 to 19 years [80]. In the period immediately 
before conception or during the first 8–10 weeks 
of gestation, infection with rubella can lead to 
multiple fetal defects, such as fetal wastage or 
stillbirth, in up to 90% of cases [79].

Rubella virus is a single-stranded positive- 
sense RNA virus and belongs to the Togaviridae 
family and Rubivirus genus. Person-to-person 
spread occurs via the respiratory route [79]. 

Detergents, temperatures greater than 56  °C 
(132.8 ° F), UV light, and pH extremes less than 
6.8 but greater than 8.1 can easily destroy the 
virus. Rubella clinically manifests as an erythem-
atous, pruritic, papular rash, appearing approxi-
mately 1  week after viremia and lasting 1 to 
3 days [80, 81]. Onset of rash occurs concomi-
tantly with the appearance of antibodies and res-
olution of viremia. The rash initially develops on 
the face and then spreads to the extremities, cov-
ering the entire body within a day, and typically 
resolves by the third day [80]. Diagnosing rubella 
clinically is a challenging feat, as the exanthema 
can take on an atypical, scarlatiniform, or morbil-
liform presentation, resembling that of other viral 
infections such as parvovirus B19 or roseola due 
to human herpesviruses 6 and 7 [81].

Since the manifestation of rubella disease can 
resemble several other infectious processes, it is 
important to use clinical features and specific 
viral testing, such as throat swabs, oral fluids, or 
nasopharyngeal secretions, to diagnose rubella 
through virus detection [80]. Other specimens, 
including cataract tissue and urine, may also be 
used. In postnatal rubella, the timing of speci-
men collection is vital. On the first day of the 
rash, RV-IgM is present in sera in only 50% of 
cases; however, RV-IgM is detectable approxi-
mately 5 days after the rash in most cases and 
disappears in 4 to 12 weeks [81]. Several tests 
that exist to detect viral RNA from clinical spec-
imens, including RT-PCR, ELISA, hemaggluti-
nin inhibition (HI), and plaque reduction 
neutralization (PRN), are available to detect 
RV-IgG. Since incidence has greatly decreased, 
most rubella testing is for immunity to the virus 
through antibody titers [79].

The biggest risk factor for rubella infection is 
the absence of vaccination. These individuals, 
especially expectant mothers and children, are 
not only at greater risk for infection but also at 
greater risk for CRS and other complications. 
Conditions associated with rubella infection 
include postnatal rubella, CRS, and maternal 
rubella [78]. CRS usually results from primary 
infection, and it may persist for months to years. 
Signs and symptoms of CRS can be grouped into 
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three categories—transient (thrombocytopenic 
purpura), permanent (heart defects, cataracts, 
hearing loss), and developmental (behavioral dis-
orders). The most common finding in CRS is 
deafness, which presents in up to 67% of cases. 
The classic cutaneous manifestation of CRS is a 
“blueberry muffin” purpuric rash, which repre-
sents extramedullary hematopoiesis [80]. Other 
complications that can result from infection 
include arthralgia or arthritis, carpal tunnel syn-
drome, tenosynovitis, miscarriage and intrauter-
ine fetal death in pregnant women, hemolytic 
anemia, thrombocytopenia, purpura, orchitis, 
uveitis, Guillain-Barré syndrome, and post- 
infectious encephalopathy [78].

The key to rubella infection prevention con-
tinues to be immunization against the virus 
through vaccination. Rubella vaccines may be 
given subcutaneously as a single component, 
but they are most often given as combination 
vaccines, such as measles-mumps-rubella-vari-
cella (MMRV) or MMR [78]. All children 
should receive their first dose of the MMR vac-
cine at 12 to 15 months and the second dose at 4 
to 6 years [80]. The vaccine is 95% effective in 
prevention after just one dose and almost 100% 
effective after both [78]. Since the MMR vac-
cine is a live attenuated vaccine containing the 
RA 27/3 strain of rubella virus, it should not be 
administered to pregnant women or immuno-
compromised persons. The vaccination should 
be administered to women of childbearing age 
before conception. These women are also 
advised to avoid pregnancy for 1 month follow-
ing vaccination. Rubella-susceptible women 
who have not yet been vaccinated and become 
pregnant should be vaccinated in the immediate 
postpartum period [78]. Moreover, in children 
with CRS, disease can be transmitted for as long 
as the child sheds virus, up to the age of 1  in 
20% of children. Exclusion from daycare or 
school is necessary for confirmed cases of 
rubella. Until these individuals have two nega-
tive throat swab or urine cultures, they should be 
kept in isolation [78].

Treating rubella becomes a consideration in 
individuals who have acquired the infection but 

have not been vaccinated. Postnatally acquired 
rubella is typically self-limiting, and treatment is 
symptomatic through use of NSAIDs for associ-
ated arthralgia and arthritis. In gravid individuals, 
treatment depends on the age of gestation at the 
time of infection. When termination of pregnancy 
is not an option, immune globulin may be admin-
istered in women with known rubella exposure. 
Treatment of CRS is managed similarly to post-
natally acquired rubella, with focus on symptom 
management and organ-specific treatment. 
Children should be monitored with audiologic, 
ophthalmic, and neurodevelopmental follow-up 
on a long-term basis, since manifestations of the 
disorder may be delayed. Prognosis of rubella 
disease is variable, depending on the severity and 
number of organs affected. In children with CRS, 
those with thrombocytopenia, hepatosplenomeg-
aly, pulmonary hypertension, and interstitial 
pneumonia have a high risk of mortality [78]. No 
effective antiviral treatment currently exists to 
treat rubella infection [82].

 Looking Forward: The Future 
of Viral Infections

 Common Cutaneous Viruses

As we move forward with our vaccination efforts, 
it is important to remember that areas of prog-
ress, if not maintained, can easily regress. Viruses 
for which we have vaccines, such as human pap-
illomavirus and hepatitis B, would likely flourish 
without the use of vaccines or medical therapies.

Hepatitis B virus (HBV) is a major cause of 
disease worldwide, with an estimated 200–300 
million people chronically infected [83]. In addi-
tion to the classic symptoms of acute hepatitis 
such as fever, fatigue, and anorexia, a serum 
sickness- related rash is not uncommonly 
observed [84]. Long-term sequelae of untreated 
infection include cirrhosis and hepatocellular 
carcinoma, demonstrating the need for coordi-
nated vaccine and treatment efforts. Reduction in 
new cases of HBV over the past several decades 
has been achieved through safer sexual and drug 
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practices as well as widespread vaccination 
efforts. The Centers for Disease Control and 
Prevention recommends a three-shot series for 
children: the first soon after birth, the second at 
1–2  months, and the third at 6–18  months. 
Vaccination has proven to be a safe, effective, and 
inexpensive method of preventing disease; how-
ever, if vaccination efforts are discontinued, rates 
of maternal-fetal transmission of HBV would 
certainly rise [85].

The success and acceptance of the HBV vac-
cine can provide guidance for promotion of the 
HPV vaccine. For example, both viruses can be 
sexually transmitted, but neither vaccine is pro-
moted as preventative for a sexually transmitted 
disease. In the case of HBV, the vaccine is viewed 
as preventative for liver failure and liver cancer. 
Likewise, if the HPV vaccine is viewed as pre-
vention for cancer, acceptance may improve.

 Vaccines in Development

As we struggle to keep reemerging viruses at bay, 
our ability to prevent other life-threatening 
viruses also remains tenuous. Since the start of 
the anti-vaccination movement, fighting to reedu-
cate the public has also posed new obstacles. 
Antiviral vaccine development has been a chal-
lenge on the scientific forefront due to pathogen 
variability, escape from vaccine-induced immune 
responses, short effector memories, reactogenic-
ity, and various environmental factors, among 
other reasons [86]. Availability of vaccines glob-
ally has been limited due to not only costs but 
also the logistics of delivery. Funding for vaccine 
development is often based on economic viability 
rather than need. For example, even though sci-
entists have been aware of the Ebola virus since 
1976, only in recent years has sufficient funding 
become available to accelerate vaccine develop-
ment. Even once a vaccine has been discovered, 
product development and licensing to bring it to 
market costs between 500 million and 1 billion 
dollars over an average of 11.9 years [86]. The 
World Health Organization (WHO) has listed 
pathogens that are of top priority for research and 

development, several of which are viral illnesses 
such as Crimean-Congo hemorrhagic fever 
(CCHF), Ebola virus, Marburg virus, SARS, and 
Rift Valley fever virus [87]. With increasing 
international networking and collaboration, 
efforts to bring about needed vaccines and strate-
gic planning in the event of viral epidemics are 
underway.

Development of new viral vaccines requires 
dedicated research and creative thinking. Many 
RNA viruses, such as hepatitis C virus (HCV) 
and human immunodeficiency virus (HIV), 
undergo extremely rapid rates of mutation, mak-
ing effective vaccine development difficult [88, 
89]. Human genetic variability also impacts vac-
cine efficacy. For example, certain human leuko-
cyte antigen (HLA) allele variants have been 
associated with decreased antibody generation to 
several vaccines [90]. This is relevant in the case 
of patients with certain HLA class II alleles who 
are completely unresponsive to the hepatitis B 
vaccine [91]. Further understanding of both viral 
and human biology is required to create effective 
new vaccines.

Improving current vaccines and expanding the 
number of serotypes covered is another area of 
development. In the elderly, defending against 
immunosenescence requires effective vaccines. 
For example, combining different immunostimu-
latory factors has shown improvement in the zos-
ter glycoprotein vaccine by including the AS01B 
adjuvant system in a Phase III clinical trial, which 
led to herpes zoster risk reduction in adults 
greater than 70 years old [92]. In the field of trop-
ical disease, a vaccine for dengue virus called 
Dengvaxia, a tetravalent dengue chimeric live 
attenuated vaccine, has been approved in several 
countries and recommended by WHO in ages 9 
and older [93]. However, due to dengue virus’s 
four different serotypes, each able to stimulate a 
cross-reactive and disease-enhancing antibody 
response against the other three serotypes, creat-
ing a very efficacious vaccine has been challeng-
ing [94, 95]. Therefore, the currently available 
quadrivalent dengue vaccine is recommended 
only for persons already infected with one strain 
of dengue [96].
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 Conclusion

The good news is that even with this resurgence 
of previously eradicated viruses, we are still at a 
mortality rate of less than 5%, compared to a cen-
tury ago when infectious diseases were attribut-
able to 50% of the nation’s deaths. Advances in 
technology have foreseen bypasses for many of 
the hurdles our society faces with vaccinations 
today. For instance, genome editing tools that 
reprogram the immune system’s B cells to pro-
duce antibodies against viruses may be the 
answer to random failure of vaccine-induced 
DNA rearrangement [97, 98]. To minimize the 
need for human resources and to maximize 
safety, needle-free delivery of vaccines, such as 
aerosolized routes, jet injectors, and micronee-
dles, is being implemented [99]. Hopefully, with 
ease of accessibility and increased engagement 
of health benefits resulting in increased demand, 
the affordability of vaccinations can decrease the 
health burdens propagated by infectious 
diseases.
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