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Evaluation, Management, and
Treatment of Adverse Events of
Smallpox Vaccine

Learning Objectives:
Describe the common and serious
adverse events expected after smallpox
vaccination

Describe the treatment options available
to clinicians when treating a patient with
an adverse event to smallpox
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The vaccine currently used in the United States, Dryvax, is alyophilized product
that requires reconstitution before administration.



Dryvax Smallpox Vaccine

Prepared from calf lymph containing live
vaccinia virus

Contains polymyxin B, streptomycin,
tetracycline and neomycin

Diluent is 50 percent glycerin and phenol
as a preservative

It was originally prepared from lymph harvested from the skin of calves that were
infected with live vacciniavirus. Dryvax aso contains the antibiotics polymyxin B,
streptomycin, tetracycline, and neomycin and is reconstituted with a diluent that
made up of 50% glycerin with a small amount of phenol as a preservative.



New Smallpox Vaccines

Live vaccinia virus produced using
cell culture technology

Distributed as a freeze dried powder
Do not contain antibiotics
Diluent contains glycerin and phenol

The newer vaccines being produced use more modern cell culture production
technigues and won't contain antibiotics. However, they’ |l probably be distributed
as afreeze dried powder and require reconstitution with a diluent before
administration... similar to Dryvax.



Clinical Response to Vaccination*

Symptom/sign Time after Vacc
Papule 2-5 days
Pustule 7-10 days

Maximum erythema 8-10 days
Scab 14 days
Scab separation 21 days

*typical response in a nonimmune person

The usual response to primary vaccination, or re-vaccination after along period of
timeiscaled a“major”, or primary response. This involves the development of a
papule at the vaccination site, 2-5 days following vaccination, that evolvesinto a
pustule by days 7-10. The maximum site response occurs around days 8 to 10, and
iswhen the greatest amount of erythema or swelling is seen. Axillary lymph nodes
may also be more swollen at thistime. The site lesion then startsto dry up to form a

scab at about day 14, with separation of the scab beginning around 21 days after
vaccination.



Progression of smallpox vaccination site in a
non-immune person

V accinees should have their vaccination site evaluated 7 to 8 days after vaccination
to document that they have responded to the vaccine. A positive response to the
vaccineis often caled a"take." Here we see photos of the normal progression of
the vaccination site. By day 4, vesicles have appeared. The lesion evolvesinto a
pustule by day 7. The presence of a pustule at that time verifies that the vaccinee
has responded to the vaccine and has a "positive take." By day 14, the pustule has
dried and a scab has formed. By day 21, the scab has thickened and will soon
separate, usually by 28 days post-vaccination. If the vaccinee has not responded to
the first vaccination attempt, he should be vaccinated again, as soon as possible.
This second vaccination may be placed on the same arm as the first attempt,
although if possible, at |east a centimeter from the first vaccination site.



Smallpox Vaccine Local Reactions
Among Susceptible Adults

Local sign  Mean Diameter
Pustule 12 mm

Erythema 16-24 mm

Induration 11-16 mm

Data from the recent dilutional studies of smallpox vaccine showed that the pustule
size was the same regardless of the dilution and was usually around 12 millimeters,
or about a half an inch. The diameter of erythemawas alittle bigger in people
getting undiluted vaccine.

Pustul e size was the same regardless of dilution. Higher numbersin range were
from undiluted vaccine. Only diameter of erythema was significantly different
between undiluted (24 mm) and diluted vaccine (16-17 mm). Mild adenopathy was
easily tolerated. Moderate was bothersome but did not preclude performance of
routine activities. No subject had severe adenopathy.



Smallpox Vaccine Local Reactions
Among Susceptible Adults

Pain, swelling, erythema at
vaccination site

Regional lymphadenopathy

Begins 3-10 days after
vaccination

Can persist for 2-4 weeks after
vaccination site heals

From cleared CDC Fact Sheet.

Most primary vaccinees or distant re-vaccinees can expect some amount of
tenderness, swelling, and redness at the vaccination site. They can also expect to
have swollen axillary lymph nodes that can sometimes persist for several weeks.



Smallpox Vaccine Reactions Among
Susceptible Adults

Elevated temperature
17% >100° F
1.4% >102° F

Systemic symptoms (malaise, myalgias)

36% sufficiently ill to miss work, school,
or recreational activities or had trouble
sleeping

From cleared CDC fact shest.

Fever most often occurs in people being vaccinated for the first time, and can be
greater than 100 degrees Fahrenheit in more than 18% of vaccine recipients. Peak
temperature elevation generally occurs about the time the vaccine site inflammatory
reaction is at its greatest, on about days 8-10. General malaise and muscle aches
may also occur and may be severe enough in some people to alter their normal
activities for a couple of days.



Normal Variants of Vaccine Reaction

Local edema at vaccination site
Lymphangitis
Regional lymphadenopathy

(nonfluctuant)
Satellite lesions

Thereis arange of expected reactions that can occur at the vaccine site. Some
people may experience swelling, and some may develop lymphangitis or satellite
lesions.



Lymphangitis following smallpox vaccination s
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Thisimage demonstrates the red streaking of lymphangitis. Thisisusually dueto a
normal robust reaction at the site but can be seen in secondary bacterial cellulitis. It
can also be confused with allergic reactions to the dressing tape.



Satellite lesions

Here is an example of a satellite lesion near the vaccination site. These usually heal
at the same rate as the primary vaccination site.



Local Reactions Following
Smallpox Vaccine

Allergic reactions to bandage and
tape adhesives

Large primary vaccination reactions

(“robust primary takes” — RPT)

Secondary bacterial infection

There are several other local reactions that can occur at the vaccination site, in
addition to the expected reactions; an alergic reaction to the tape used to hold on
the site bandage, alarger, more robust site reaction, or a secondary bacterial
infection.
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Allergic reaction to tape

This picture demonstrates a local reaction due to atape allergy. This can usually be
distinguished from lymphangitis by observing that the reaction only occursin the
distribution of the tape.



Local Reactions to Adhesive

Erythema corresponds to placement of
adhesive tape

No systemic symptoms

Treat with antihistamines, NSAIDs, frequent
bandage/tape change

Steroid treatment not recommended

Usually, individuals with reactions to tape have no other systemic symptoms and
can be treated by changing the type of tape or increasing the frequency of dressing
changes. Antihistamines or non steroidal anti-inflammatory medications can be used
if the local reaction is severe enough to cause discomfort. Steroid treatment is
generally not needed or recommended.



Robust Primary Takes (RPT)

Expected variant of normal reaction

>3 inches of erythema with
induration, pain, warmth

Occur in 5%-15% of recipients
Peak at day 8-10 post-vaccination
May resemble bacterial infection

Some individuals can have a robust primary reaction that presents with alarge
amount of erythema, swelling, pain, and warmth at the vaccine site. The redness and
swelling can sometimes be greater than 3 inches or even involve the entire upper
arm. This peak reaction is seen on days 8-10, corresponding to the same time when
the peak vaccine inflammatory reaction usually occurs. Unlike bacterial cellulitis,
the clinical course usually isn't progressive, and the symptoms improve over a
couple of days without specific therapy. In recent studies, this robust take occurred
in 5%-15% of vaccine recipients. Both people getting vaccinated for the first time
and peopl e getting revaccinated after along period since their last vaccination can
have these robust takes.



Robust primary take

Here we see an example of arobust take. Note the large area of erythema and
swelling, and the lymphangitic streaking. Swollen axillary lymph nodes are also
often present and can be painful.



Robust Primary Takes (RPT)

Observe carefully

Supportive therapy
Rest affected limb
Analgesia (non-aspirin)
NSAIDs

Usually improve in 24-48 h

Persons with robust takes should be followed carefully. Some can have fever but
most don’t usually experience high fevers or other severe systemic symptoms. This
robust reaction generally improvesin 1 to 2 days with only symptomatic treatment.



Secondary bacterial infection of vaccination site

CDC

Thisis an example of a secondary bacterial infection of the vaccination site. Note
the increased size and raised borders of the lesion.



Secondary Bacterial Infection

More common among children than adults

Usually Staphylococcus aureus or Group
A beta hemolytic Streptococci

Anaerobic and mixed infections may occur
Evaluate with gram stain and culture
Antibiotic therapy based on culture

Individuals suspected of having bacterial cellulitis at the site should be evaluated
with gram stain and culture of the lesion, and blood cultures if systemic symptoms
like high fever and malaise are present. An elevated peripheral white blood cell
count may also be more consistent with a bacterial infection. The most common
organisms causing secondary infections are Staphyl ococcus aureus and Group A
streptococci. Some anaerobic or mixed infections can be seen, and may occur if
occlusive dressings are used for prolonged periods that prevent aeration of the site
and promote an anaerobic environment. Antibiotic therapy should be guided by
culture and sengitivities.



Major Complications of
Smallpox Vaccination

Definitive studies of complications of
smallpox vaccination by Lane et al,
published in 1969-1970

Led to the recommendation to cease
routine smallpox vaccination in the
United States

1969 National surveillance articlein NEIM
1970 10-state survey in JID

Two studies were done in the U.S. during the late 1960’ s that looked at adverse
events associated with smallpox vaccination. These studies are most often quoted
when discussing the rates of smallpox vaccine adverse events. One was a National
surveillance study while the other was a survey of physiciansin 10 states. The
results of these studies prompted public health officials to re-evaluate the ongoing
routine smallpox vaccination program in the United States, and ultimately led to the
discontinuation of that program in 1972.



Smallpox Vaccine Adverse Reactions

Inadvertent inoculation
Eczema vaccinatum
Generalized vaccinia

Progressive vaccinia (vaccinia
necrosum)

Post-vaccinial encephalitis
Other dermatologic conditions

The most common adverse event associated with vaccination in these studies
included: inadvertent inoculation; eczema vaccinatum; generalized vaccinia;
progressive vaccinia, also called vaccinia necrosum; post-vaccinial encephalitis; and
other dermatologic conditions or rashes. We'll discuss each of these adverse events
in more detail.



Smallpox Vaccine Adverse
Reaction Rates*

Primary
Reaction Vaccination

Inadvertent inoculation 25-529
Generalized vaccinia 23-242
Eczema vaccinatum 10-39
Progressive vaccinia 0.9-1.5

Post-vaccinial encephalitis 3-12

Death

*Rates per million primary vaccinations

This table shows the range of adverse event rates reported from both of these
studies. The differences seen in the rates between the two studies is due to different
data collection methods. The 10 state survey probably more accurately reflects the
rates for the less serious complications that were frequently unreported, while the
national study captured the rates of the more serious adverse events through national
reporting and VIG distribution mechanisms.



Smallpox Vaccine Adverse Reactions

Adverse reaction rates may be higher
today than in 1960s

More persons at risk because of higher
prevalence of immunosuppression and
eczemal/atopic dermatitis

Adverse reaction rates lower among
previously vaccinated persons

One of the biggest concerns regarding smallpox vaccination in today’ s society is
that adverse events may be higher because of the greater number of
immunosuppressed people. We may also have more people affected by eczema or
atopic dermatitis. Both of these conditions have a higher risk for serious
complications associated with vaccination. In addition, adverse event rates are
higher among primary vaccinees, and currently thereis a higher percentage of
individuals who were not vaccinated as children because routine vaccinations were
stopped in 1972.



Rashes Following Smallpox Vaccine

Flat, erythematous, macular, or urticarial
lesions

Usually do not become vesicular

Do not appear to involve viral
multiplication or systemic dissemination
Occur approximately 10 days after
vaccination

Resolve spontaneously within 2to 4
days

Some of the dermatologic manifestations that can follow vaccination include non-
specific rashes. Most are mild, require no specific treatment, and last only afew
days. These rashes generally occur about 10 days after vaccination, and can be only
afew lesions or ageneralized rash that is erythematous, macular or urticarial. These
rashes usually don’t become vesicular. They don’'t appear to be aresult of systemic
dissemination of the virus and may be due to a non-specific immune reaction.
Antihistamines can be used if the individual is experiencing itching from the rash.



Erythema multiforme following smallpox vaccination

CDC

Occasionally, more severe non-specific immune reactions such as erythema
multiforme or Stevens-Johnson syndrome can be seen following vaccination. This
picture shows erythema multiforme following vaccination.



Erythema Multiforme

May present as macules, papules,
urticaria, or bulls-eye lesions

Usually appear within 10 days after
vaccination

Do not progress

Do not contain vaccinia virus
Occasional Stevens-Johnson syndrome
VIG not indicated

Erythema multiforme can present as macules, papules, urticarial lesions or the
typical bulls eyelesions. The lesions usually do not progressto vesicles and don’t
contain live vaccinia virus because they are not aresult of disseminated vaccinia
virus. Vaccinialmmune Globulin, or VIG is not effective or indicated for the
treatment of this complication.



Inadvertent Inoculation

Tran_sfer_of vaccinia Virus fro_m
vaccination site to another site on the
body, or to a close contact

Most frequent complication of smallpox
vaccination

Occurred 25-529 cases per million
primary vaccinations

Most common sites are face, eyelid, nose,
mouth, genitalia, rectum

Lesions contain vaccinia virus

Inadvertent inoculation is the accidental transfer of vaccinia virus from the vaccine
site to another area of the body or to another person. Thisisthe most common
adverse event seen following vaccination. Transfer to another body site resultsin a
second, similar skin lesion that progresses through the same stages of resolution as
the vaccination site. The most common body sites affected are the face, eyelid,
nose, mouth, and other mucosal surfaces. Transfer of vaccinia virus to another
person can result in alesion similar to atypical vaccine sitelesion, or can lead to
other more severe adverse reactions, especially in people with certain underlying
medical conditions like eczema, atopic dermatitis, or immune suppression.



Inadvertent inoculation

Inadvertent inoculation of the eyelid can lead to significant swelling and redness of
the eyelid and periorbital area.



Inadvertent Inoculation

Uncomplicated lesions require no
therapy, self-limited, resolve in ~3
weeks

VIG may speed recovery if extensive
or painful genital involvement

Hand washing after contact with
vaccination site or contaminated
material most effective prevention

Usually, lesions resulting from inadvertent inoculation are uncomplicated and don’t
require specific therapy other than good site care. If there are multiple, clinically
significant lesions, or lesions that cause the individual a great deal of discomfort,
VIG may help speed the recovery if given early in the course before neutralizing
antibodies appear on their own.



Ocular Vaccinia

May present as blepharitis,
conjunctivitis, keratitis, iritis, or
combination

Should be managed in consultation
with an ophthalmologist

Treatment may include topical
ophthalmic antiviral agents and VIG

Inoculation of the virusin the eye can result in several clinical manifestations
including blepharitis or infection of the eyelid, conjunctivitis, keratitis or iritis, or a
combination of these conditions. Ocular vaccinia should be managed in consultation
with an ophthalmologist as the treatment and monitoring of these eye complications
can be complex and may involve the use of current ophthalmologic antiviral agents
and possibly vacciniaimmune globulin.



Generalized Vaccinia

Vesicles or pustules appearing on
normal skin distant from the vaccination
site

Often accompanied by fever, headache,
and myalgias

Occurred 23-242 cases per million
primary vaccinations

Usually occur 6-9 days after vaccination

Generalized vaccinia usually presents as a rash that developsinto vesicular or
pustular lesions distal from the vaccination site. This vesicular rash may involve
only afew, scattered lesions but can also be more extensive and generalized in

nature. Fever and other systemic symptoms may be present but are usually not
severe.



Here we see several pustular lesions of generalized vaccinialocated on the lower
legs.



Generalized Vaccinia

Differential diagnosis
Erythema multiforme
Eczema vaccinatum

Inadvertent inoculation at multiple
sites

Early progressive vaccinia
Disseminated herpes
Severe varicella

The differential diagnosis for this vaccine complication includes other non-specific
immune rashes that can also occur following vaccination, eczema vaccinatum,
metastatic lesions of early progressive vaccinia, or non—-vacciniarelated conditions
such as disseminated herpes or severe varicella



Generalized Vaccinia

Generally self-limited
Most cases do not require therapy
VIG may be considered for recurrent

disease or severe disease
Lesions contain vaccinia

In aperson with anormal immune system, generalized vacciniais usually self-
limited, and doesn’t require specific therapy. VIG may be utilized in cases where
the individual is more serioudly ill or has an underlying immune problem. This
complication isfelt to result from hematogenous spread of the virus and the rash
lesions do contain live vaccinia virus unlike the other non-specific rashes that can
occur following vaccination.



Eczema Vaccinatum

Generalized spread of vaccinia on the
skin of a person with eczema or true
atopic dermatitis, or a history of eczema
or atopic dermatitis

Severity independent of the activity of
the underlying eczema

Severe cases among contacts of
recently vaccinated person

Occurred 10 to 39 cases per million
primary vaccinations

Eczema vaccinatum is one of the more serious adverse events that can result from
smallpox vaccination. This complication can occur in individuals with active
eczema or atopic dermatitis, or in those with a history of these conditions even
when the condition is not active. A less severe form of eczema vaccinatum can also
occur in people with other skin disorders, like psoriasis or burns, that are currently
active and effecting the integrity of the skin. Some of the most severe cases of
eczema vaccinatum have occurred in people with eczema or atopic dermatitis who
were contacts to recently vaccinated individuals. Good medical history screening of
potential vaccine recipients and their close contacts for the presence or a history of
these conditions is the most important way to reduce the occurrence of this adverse
event.



Eczema Vaccinatum

Skin lesions may be papular,
vesicular, or pustular

May occur anywhere on the body

Predilection for areas of previous
atopic dermatitis

Patients often severely ill

The rash of eczema vaccinatum can occur anywhere on the body but has a
predilection for areas effected by atopic dermatitis or eczema. The rash can be quite
extensive and even become confluent with papular, vesicular, or pustular lesions.
Patients with significant skin involvement can become severely ill.



Eczema vaccinatum

This picture demonstrates the extensive skin involvement of eczema vaccinatum in
a close contact to arecently vaccinated person. Extensive skin involvement may
result from inoculation of vacciniavirusin skin sites with compromised dermal
integrity due to eczema or other skin conditions or may be the result of
hematogenous spread following initial infection with the virus. Lesions of eczema
vaccinatum can result in skin discoloration or scarring following resolution.



Eczema Vaccinatum

Management
Hemodynamic support
Meticulous skin care

Early treatment with VIG

Treatment of secondary bacterial
or fungal infections as needed

Lesions contain vaccinia virus

Eczema vaccinatum can be quite severe and even result in death. Management of
this complication involves treatment with VIG and supportive care, including good
fluid management and skin care as is done with other conditions like burns that
effect large areas of the skin. It is aso important to remember that the lesions
contain vacciniavirus that can be shed into the patient’ s room environment. Strict
contact precautions should be followed by care givers to prevent nosocomial
transmission of virus from the lesions to themselves or to other patients. If extensive
skin lesions are present there is a possibility for greater amounts of virus to be shed
into the room environment from the lesion drainage. Additional precautions may be
needed to prevent potential contamination of other areas outside of the room from
air current transportation of virus. Healthcare personnel who are pregnant or who
have eczema, atopic dermatitis, or immune system problems themselves, should not
be utilized to care for EV patients.



Progressive Vaccinia

Occurs almost exclusively among
persons with cellular immunodeficiency

Can occur in persons with humoral
Immunodeficiency

Can occur following revaccination of
people who have become
Immunosuppressed since their primary
vaccination

Occurred 0.9-1.5 cases per million
primary vaccinations

Progressive vaccinia or vaccinia necrosum is arare but serious adverse event that
can occur in people with cellular immunodeficiencies or in individuals with
humoral or immune globulin deficiencies.



Progressive Vaccinia

Primary vaccination lesion does not heal

Progresses to ulcerative lesion, often
with central necrosis

Little or no inflammation at the site and
generally little pain

Virus continues to spread locally and
through viremia

Protective T-cell count unknown

Persons with progressive vaccinia usually present with a non-healing, expanding
vaccination site. The site often ulcerates and central necrosis, or necrosis of the
surrounding skin can occur. Thereis generally little or no inflammation at the site
initially, because of the poor local immune response to the infection that isinduced
by vaccination. This lack of adequate local immune response presumably allows the
virus to spread locally and systemically. Medical conditions or medications that
suppress the immune system would put a person at risk for this complication.
Therefore, careful medical history screening of potential vaccinees and their close
contacts for conditions such as leukemia or HIV, or the use of medications like
steroids or other immune suppressive drugs, isimportant in preventing this adverse
event. It is currently unknown exactly what level of cellular or humoral immune
depression would put a person at risk for this complication.



Progressive vaccinia

This woman had chronic lymphocytic leukemia. Notice how the infection from the
vaccine site has spread to involve the surrounding skin and the necrotic appearance
of the area. Thiswoman aso has metastatic lesions on her neck and other areas of
her body presumably from hematogenous spread of the virus.



Progressive Vaccinia

Requires aggressive therapy with VIG
Antiviral therapy?
Surgical debridement?

Lesions contain vaccinia virus

Progressive vacciniawas historically treated with aggressive VIG therapy, and
sometimes with surgical debridement to remove necrotic tissue and reduce the
overall viral burden on the immune system. Antiviral therapy was utilized at that
time with varying degrees of success and it is unclear how effective newer antivirals
today would be in the treatment of this complication. Progressive vaccinialesions
also contain vaccinia virus and appropriate precautions should be taken to prevent
the contact transmission of virus.



Post-vaccinial Encephalitis

Usually affects primary vaccinees <12
months of age and adolescents and
adults receiving a primary vaccination
Presents with any of a variety of CNS
signs (e.g., ataxia, confusion, paralysis,
seizures, or coma)

15%-25% die, 25% develop neurological
sequelae

Occurred 3-12 cases per million primary
vaccinations

Post-vaccinial encephalitisis also avery rare but serious vaccine complication. It
was more frequently seen in vaccinated infants less than 1 year old or in older
adolescents or adults receiving their first vaccination. It can present with a variety
of CNS manifestations from confusion to seizures or coma. Death resultsin about
15%-25% of the cases, while 25% had some degree of residual neurologic sequel ae.



Post-vaccinial Encephalitis

Diagnosis of exclusion

Other infectious or toxic causes of
encephalitis should be ruled out
Pathophysiology not well understood

CSF may have increased opening
pressure, lymphocytosis, elevated
protein

Symptoms of post-vaccinia encephalitis usually occurred between 9 and 14 days
following vaccination and it’s diagnosis involves excluding other potential causes
for encephalitis. The pathophysiology of this complication is not well understood
but it is thought to be aresult of a post vaccination immune response, similar to
other post-infectious encephalitidies. It has not been causally linked to the presence
of vacciniavirusin the CNS.



Post-vaccinial Encephalitis

Treatment is supportive

VIG not effective

Anticonvulsive therapy and
intensive care may be required

VIG was not effective in treating this complication and is therefore not indicated.
Treatment is supportive and may require intensive care monitoring and
anticonvulsive therapy.



Thisisapicture of an infant infected with vacciniavirusin utero. Intrauterine
infection of afetusisreferred to as fetal vaccinia



Fetal Vaccinia

Rare complication (<50 cases reported)

Usually following primary vaccination of the
mother in the second or third trimester

Fetal infection following vaccination in the
first trimester would presumably result in
spontaneous abortion

No known pattern of congenital
malformations

Fetal vacciniaisavery rare complication that can occur following primary
vaccination of a pregnant woman in the second or third trimester, from
hematogenous spread of virus to the amniotic fluid or directly to the fetus. Only
about 50 cases of this complication have been reported in the literature. Studies are
contradictory as to whether spontaneous abortions were increased in pregnant
women vaccinated during the first trimester.



Fetal Vaccinia

Death usually occurs before birth or
In preinatal period

VIG may be considered if infant

born alive with lesions

No known reliable intrauterine
diagnostic test

happened in-utero, or in the prenatal period. For infants born alive with vaccinia
lesions, VIG may be considered, though no data exists regarding the dosage or
efficacy of thistreatment for fetal vaccinia. Thereis no known reliable intrauterine
diagnostic test to confirm fetal infection.



Laboratory Diagnostics

Adverse reactions most often
diagnosed by clinical evaluation
and history

Diagnostic testing usually done to
rule out other conditions (e.g.,
varicella, herpes simplex)

Serologic testing for vaccinia not
helpful

The diagnosis of smallpox vaccine adverse eventsis most often done with a
thorough history and clinical evaluation. Viral isolation or PCR detection of
vacciniavirus for adverse events that are associated with viral replication or
dissemination is also helpful in confirming these vaccine complications. For
individuals who are being evaluated for a possible complication that may have
resulted from contact transmission of vaccinia, diagnostic testing to rule out other
more common causes of vesicular rashes should also be done. On a separate note,
serologic and cell mediated immunity testing following vaccination are currently
research tools to assess the immune response to vaccination, and not tools to
determine whether vaccination was successful. The level of these immune responses
that correlates with protection against smallpox is unknown. That’s why we look to
the skin site reaction to determine if a vaccination was successful, because “major”
or primary reactions following vaccination correlated well with immunity to
smallpox during the eradication period.

(for additional information, see Laboratory Support modul€)



Vaccinia Immune Globulin

Immunoglobulin fraction of plasma from
persons vaccinated with vaccinia vaccine

Effective for treatment of eczema
vaccinatum, progressive vaccinia, severe
generalized vaccinia, and ocular vaccinia

Not effective in post-vaccinial encephalitis

The primary treatment for adverse events involving uncontrolled replication or
dissemination of vacciniavirus following vaccination is VIG. VIG is a human
immune globulin product derived from the plasma of persons vaccinated with
vacciniavaccine. It is effective in the treatment of eczema vaccinatum, serious
generalized vaccinia, and serious manifestations of inadvertent inoculation such as
ocular vaccinia. VIG is aso indicated for progressive vaccinia and has variable
effectivenessin treating this complication. Since post vaccinial encephalitisis not
due to virus multiplication, VIG is not effective in treating this adverse event.



Vaccinia Immune Globulin

CDC is only source
IND Protocol
Limited stockpile currently available

Intravenous product being produced

Currently, CDC isthe only source of VIG for use in treating vaccine adverse events
in the civilian population. It is not licensed at thistime and must be utilized under
an Investigational New Drug or IND Protocol. A new intravenous formulation of
VIG isbeing produced and will be available for treatment of adverse events. But,
stores of this and the previously produced intramuscular product are still limited and
VI1G should be reserved for use in the treatment of more serious vaccine
complications.



Vaccinia Immune Globulin
Adverse Reactions

Pain, tenderness, swelling, erythema
at injection site

Allergic and anaphylactoid reactions
have been reported

Systemic non-anaphylactic reactions

Aseptic meningitis syndrome

Side effects from VIG are rare and are similar to those seen with other human
derived immune globulin products as listed here.



Vaccinia Immune Globulin
Contraindications and Precautions

History of prior severe reaction
following IV or IM administration of
human immunoglobulin
preparations

Selective IgA deficiency
Vaccinial keratitis?

Severe allergy to thimerosal (IM
formulation only)

People with selective IgA deficiency or those who have had a severe allergic
reaction to other immune globulin products can also experience a severe
anaphylactic response to VIG. The intramuscular formulation of VIG contains
thimerosal and people with a severe allergy to this component could aso experience
an alergic reaction to IM VIG. VIG use in the presence of vaccinial keratitis may
increase the possibility of corneal scarring but might be considered if an
ophthalmology specialist feels that more serious consequences of keratitis can be
prevented with this treatment.



Vaccinia Immune Globulin
Administration

Dose 0.6 ml per kg (approximately
42 ml for a 70 kg adult)

IM formulation administered in
buttock or anterolateral thigh

Doses >10 ml should be divided
and injected at separate sites

IV formulations same weight based
dose, also IND

Theinitial treatment dose for VIG is 0.6 milliliters per kilogram, which is about 100
milligrams per kilogram. Because the total dose can be large, the IM VIG dose is
often divided and given in multiple sites or with several injections over a 24 hour
period. Administration of the IV product can usually be done during asingle
intravenous administration over an hour or so depending on the total dose.



Cidofovir

Nucleotide analogue of cytosine

Broad spectrum of activity against
herpesviruses

Activity against orthopoxviruses in cell-
based and animal models

Currently approved for treatment of
CMV retinintis in persons with AIDS

Available for treatment of vaccinia under
IND

Cidofovir isan antiviral medication that is currently licensed for the treatment of
CMV retinitis. In vitro and animal studies with this drug have shown some activity
against vacciniavirus, but it is unclear how well it would work in treating vaccinia
infections in humans. Because it is not licensed for this indication, use of cidofovir
for treating vacciniainfections should be done under an investigational new drug
protocol with careful monitoring.



Cidofovir Indications

Second line treatment of complications
of smallpox vaccination

Use if patient fails to respond to VIG
treatment

Consult with CDC before use under IND

Manufacturer recommends use with
probenicid

Cidofovir is asecond line treatment for complications of smallpox vaccination as
VIG isdtill considered the standard treatment. CDC is devel oping the investigative
protocol for use of this medication. Probenicid and hydration should be used with
cidofovir to help reduce the risk of renal toxicity.



Cidofovir Adverse Events

Renal toxicity

Neutropenia

Proteinuria

Anterior uveitis/iritis

Metabolic acidosis

Possible carcinogenicity and teratogenicity
Probenicid adverse events

Cidofovir has been associated with these side effects. The occurrence of renal
toxicity can be decreased with careful pre- and post infusion hydration along with
the use of probenicid.



Cidofovir Administration

5 mg/kg IV during a 60 minute period

Second dose one week later may be
considered

Baseline and post-administration
assessment of renal function

Intravenous hydration

Extensive follow-up protocol required
by IND

Cidofovir has along half live and therefore only requires once weekly
administration. The dose of cidofovir for vacciniainfections not responsiveto VIG
is the same as the dose used for treatment of CMV retinitis. Renal function should
be carefully monitored. If the patient is still experiencing serious symptoms of the
vacciniainfection 1 week following the first dose of cidofovir, a second dose may
be considered. Because cidofovir itself can have severe side effects, and we don’'t
know how effective it will be in treating vaccinia adverse events, good clinical
evaluation and follow-up is essential. Thereislittle to no experience with the use or
dosing of cidofovir in children and probenicid is not otherwise recommended for
use in children under 2 years of age.



CDC Consultation

Clinicians should contact State Public
Health authorities

State Health Departments will contact
CDC Emergency Operations Center

IND requirements must be fulfilled by
clinican and State Health Department

In summary: it is very important for public health and medical personnel to again
become familiar with smallpox vaccine, the expected vaccine reactions, and the
evaluation and management of vaccine adverse events. The CDC website has
several educational resources that can help. CDC personnel are available to consult
with public health officials and clinicians on the eval uation and management of
smallpox vaccine adverse events and CDC will provide VIG and Cidofovir under an
IND protocol, when indicated, to treat these complications. Thank you for your
attention.



For More Information

CDC Smallpox website
www.cdc.gov/smallpox

National Immunization

Program website
www.cdc.gov/nip
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