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Abstract

 

Background

 

With the reinstitution of smallpox vaccinations, physicians are seeing significant 

numbers of adverse events for the first time since the 1980s. The most common adverse events 

seen in our large military population are benign. We observed a clinically and histopathologically 

distinct reaction pattern that has not been fully characterized previously.

 

Methods

 

All smallpox-vaccinated patients at Fort Hood, Texas with adverse cutaneous 

reactions were referred to the dermatology clinic at Darnall Army Community Hospital. Patients 

were evaluated by a staff dermatologist who performed a skin biopsy and took clinical 

photographs. If the patients had intact vesicles or pustules, direct fluorescent antibody testing, 

viral and bacterial cultures, and polymerase chain reaction (PCR) assays were also performed.

 

Results

 

Three hypersensitivity reaction patterns were seen: exanthematous, erythema 

multiforme-like (EM-like), and urticarial. The patterns had distinct clinical and histopathologic 

findings. Of the 11,058 vaccinees, six had the exanthematous reaction pattern, two had the 

urticarial reaction pattern, and one had the EM-like pattern.

 

Conclusions

 

We describe a new exanthematous type of hypersensitivity reaction to the 

smallpox vaccine. Hypersensitivity reactions occur at a rate higher than previously reported. In 

a carefully screened military population, these three hypersensitivity reactions are much more 

common than life-threatening or serious reactions. Although the reactions have distinct clinical 

and pathologic features, they are all characterized by mild or absent systemic symptoms and a 

benign outcome.
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Introduction

 

Smallpox is a potentially life-threatening disease caused by
the variola virus. This virus is an orthopoxvirus that has a
mortality rate of up to 30% and an extremely high morbidity
as a result of the disfiguring scarring of the disease. It has been
declared eradicated worldwide, and the last naturally
acquired case was reported in 1977.
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 Americans were rou-
tinely vaccinated with vaccinia, a live, pox-type virus related
to variola, until 1972, but military personnel continued to
regularly receive the vaccine until 1990.
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There are currently four formulations of the smallpox vaccine.
Two newly developed vaccines, ACAM1000 and ACAM2000,
from Acambis/Baxter Pharmaceuticals and the Centers for
Disease Control and Prevention (CDC), respectively, and the
older Aventis Pasteur and Dryvax vaccines. The Dryvax vaccine
is currently being used for all vaccinations, with the other
three being held in reserve. All of the vaccines contain the
New York City Board of Health vaccinia strain, which has
been shown to be less reactogenic. The two new vaccines are
currently being studied for evidence of improved reactivity if
a more extensive vaccination program is needed.
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The vaccination is performed by intraepidermal introduc-
tion of vaccinia into the skin of the upper arm by multiple
insertions of a bifurcated needle dipped into the vaccine. This
inoculation allows the virus to grow and produce an immu-
nologic response that leads to both an antibody and cell-
mediated immunity. The administration of the vaccine
produces a localized papule at the site of inoculation appro-
ximately 3–5 days after administration. This papule then
progressively turns into a vesicle and then to a pustule by day
8. The pustule then scabs over and scars. The absence of this
reaction indicates that there is not a “take” of the vaccine and
immunity will not be conferred.
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In addition to the known complication of vaccinia, additional
minor local reactions affect up to 6% of primary vaccinees.
Lymphadenopathy, lymphangitis, and intense surrounding
erythema or edema are other common local reactions. Non-
specific skin eruptions can occur after the vaccine is given.
These include fine maculopapular eruptions, broad roseola-like
erythematous macules and patches, and urticarial eruptions.
They are thought to be immune-mediated reactions rather than
the result of direct viral invasion. These eruptions are not usually
associated with fever, and typically self-resolve in 2–4 days.
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Hypersensitivity reactions may also occur. Erythema multi-
forme (EM) can range from macules, papules, and urticaria to
the typical targetoid lesions. Oral antipruritics can be given if
needed. Rarely, Stevens–Johnson syndrome can develop, and
may require hospitalization and supportive care.
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The spectrum of adverse effects attributed to the vaccination
runs from relatively benign conditions as above to life-threatening
events. Known adverse reactions to the smallpox vaccine that
may be life threatening include anaphylaxis, as well as possible
association with cardiac reactions including myocarditis,
pericarditis, infarction, and angina during its administration.
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Currently, the CDC and Department of Defense (DoD)
maintain active surveillance for potentially life-threatening,
moderate to severe, and serious adverse events.
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 Other, non-
serious adverse events are reported only through spontane-
ous surveillance, and their prevalence is expected to be
underreported.
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During vaccination monitoring in the late 1960s and
1970s, the general category “other rashes” was used as a
catch-all for a heterogeneous group of reactions related to
vaccination, but not necessarily associated with direct viral
pathology.
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 Others terms for the eruption include toxic ery-
thema and roseola vaccinia. These eruptions are thought to be
hypersensitivity reactions to the vaccine and have been
reported to occur at a rate of 1 per 100,000 vaccinees.
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 The
reactions are generally not serious, but their clinical and histo-
pathologic features have not been well defined.

In July 2002 to February 2003, a phase 1 smallpox vaccine
trial involving 350 adult volunteers was conducted to com-
pare pock take rates and adverse events of Dryvax against one
of the new cell-cultured vaccines. Of these subjects, 250 were
naive to vaccinia virus vaccine. Subjects received a cell-
cultured smallpox vaccine or a live vaccinia virus vaccine. Nine
self-limiting eruptions (3.6%) were observed in the vaccinia-
naive group. Eruptions appeared 6–19 days after vaccination
and had the following different clinical presentations.
Five subjects had urticarial eruptions that resolved within
4–15 days, one had an exanthem that lasted 20 days, and one
each presented with folliculitis, contact dermatitis, and ery-
thematous papules found on the hands and fingers. None of
the vaccinia-experienced patients had a cutaneous reaction.
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We report a group of patients in a military vaccination pro-
gram with adverse reactions to the smallpox vaccination who
had benign outcomes. These patients’ clinical, laboratory,
and histopathologic findings were not sufficiently defined by
any of the existing patterns of adverse reactions to vaccinia.
We also found that the prevalence of these reactions was
much higher than previously reported.

 

Methods

 

The study population consisted of personnel at Fort Hood, Texas 

who received the smallpox vaccination in the months of January 

and February 2002. Potential vaccinees were screened by 

questionnaire and in person for atopic dermatitis (eczema), severe 

acne, psoriasis, or other conditions resulting in reduced skin 

barrier function. Patients were also excluded if they had primary or 

drug-induced immunosuppression, allergies to polymyxin B, 

streptomycin, chlortetracycline, or neomycin, or if they had a 

pregnant woman living in the same household. Women were 

excluded if they were pregnant or breast-feeding. If the 

screener had doubts or questions about a potential vaccinee’s 

eligibility, the patient was referred to the dermatology clinic for 

evaluation.

After the screening, patients were vaccinated using standard 

protocols. Patients with suspected cutaneous adverse reactions 

were referred to the dermatology service of Darnall Army 

Community Hospital (DACH) at Fort Hood, Texas. After obtaining 

written consent, clinical photographs were taken and a 4-mm 

punch biopsy was performed. In cases in which an intact vesicle 

or pustule was present, it was gently cleaned and unroofed with 

a scalpel blade. The base of the pustule was then sampled with 

a culturette swab and glass microscope slide. These samples were 

sent for direct fluorescent antibody (DFA) test for varicella, herpes 

simplex virus (HSV), and vaccinia, bacterial and viral cultures, and 

a polymerase chain reaction (PCR) assay for vaccinia.

The punch biopsies submitted for light microscopy were fixed in 

10% neutral buffered formalin and processed for routine paraffin 

embedding. Three levels of each paraffin-embedded block were 

evaluated by hematoxylin and eosin stain.

 

Results

 

Of the 16,636 individuals who were screened during the months
of January and February 2003, 11,058 (66%) received the
smallpox vaccination. Of these, nine developed a generalized
and variably pruritic eruption. The referring diagnosis in all
cases was generalized vaccinia (GV).

Eight of the nine affected patients were first-time vaccinees
and all were healthy at the time of vaccination. At their follow-
up appointments to assess the efficacy of the inoculation, all
of our patients were classified as manifesting major reactions
(i.e. “takes”), meaning that they were found to have a sufficient
response to the vaccination.
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In all of the patients, the eruption began 7–11 days after
inoculation. There were three clinical groups of adverse reac-
tions in our patients: urticarial, EM-like, and a third most
common group whose reaction pattern most resembled a
viral exanthem. We refer to this latter group as the exan-
thematous reaction pattern group. The patients and their
reaction patterns are summarized in Table 1.

None of the patients with the urticarial or EM-like reaction
pattern had a previous history of chronic urticaria or EM,
respectively. The patients with the urticarial reaction pattern had
no recent history of illness, infection, or allergies, and neither
group was taking any medications. These patients’ lesions
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consisted of generalized, intensely pruritic, pale red dermal
papules and plaques without epidermal change (Fig. 1).

The patient with the EM-like reaction pattern developed
targetoid and polycyclic erythematous plaques with dusky
centers (Fig. 2). He had involvement of his palms and soles,

but no lesions on his mucous membranes. He had no history
of orolabial herpes infection and was taking no medications
at the time of his outbreak.

Five of the patients with the exanthematous reaction pat-
tern noted that the first papules appeared on the extremities
at least 15 cm away from the smallpox vaccination site or on
another extremity entirely. In one patient, the initial papule
appeared on the neck. In all cases, the eruption began as one
or a few small, erythematous papules that increased rapidly in
number over 24–48 h and became confluent plaques (Fig. 3).
All patients had a similar papular and erythematous reaction
at or around the vaccination site. The patients reported vari-
able degrees of pruritus.

Although four patients developed a small number of follic-
ular pustules, bacterial and viral cultures, DFA test, and PCR
were negative. None of the patients developed vacciniaform
pustules or large vesicles, nor did they have oral or mucous
membrane findings. Although several patients reported sub-
jective fever, all were found to have temperatures within the
normal range. None reported nausea or vomiting, although
two reported transient headaches.

All cases of the exanthematous reaction demonstrated
a similar histologic picture: mild hyperkeratosis overlying

Patient Gender
Age 
(years)

Interval between inoculation
and eruption (days) Reaction pattern

1 Male 21 9 Exanthematous
2 Male 21 7 Exanthematous
3 Male 29 10 Exanthematous
4 Male 19 8 Exanthematous
5 Female 21 8 Exanthematous
6 Male 25 11 Exanthematous
7 Male 22 10 Erythema multiforme-like
8 Male 30 7 Urticarial
9 Male 33 10 Urticarial

Table 1 Clinical and demographic data of 
patients with benign hypersensitivity 
reactions to smallpox vaccine

Figure 1 Patients with the urticarial reaction pattern to smallpox vaccine

Figure 2 Patient with erythema multiforme-like reaction pattern 
to smallpox vaccine
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variable epidermal intercellular edema (spongiosis) without sig-
nificant acanthosis or psoriasiform hyperplasia (Fig. 4A). No
dyskeratotic keratinocytes or apoptotic cells were present,
and no definitive intracytoplasmic or intranuclear cytoplas-
mic inclusions were seen. The dermis demonstrated a mild to
moderate superficial and mid-dermal perivascular lymphocytic

dermatitis with scattered eosinophils. One case also demon-
strated scattered neutrophils. Although the inflammation was
predominantly perivascular, scattered interstitial inflamma-
tion was also seen. Focal extravasated red blood cells were
present in the superficial dermis, accompanied by minimal
vascular ectasia without vasculitis or vascular thrombi.

Figure 3 Patients with exanthematous reaction pattern to smallpox vaccine

Figure 4 (A) Exanthematous reaction pattern. (B) Erythema multiforme-like reaction pattern. (C) Urticarial reaction pattern. 
Hematoxylin and eosin stain of biopsies at ×40 magnification
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The specimen from the patient with the EM-like reaction
pattern showed mild orthohyperkeratosis, focal mild vacu-
olar interface dermatitis, and early intraepidermal vesicle for-
mation (Fig. 4B). The dermis demonstrated mild superficial
perivascular lymphocytic dermatitis.

The biopsies from the patients with the urticarial reaction
pattern demonstrated superficial perivascular lymphocytic
dermatitis with eosinophils and mild superficial dermal
edema (Fig. 4C). Minimal vascular ectasia and scattered
extravasated red blood cells were present. No vasculitis or
vascular thrombi were seen. The epidermis demonstrated
minimal hyperkeratosis, but was otherwise unremarkable.

We avoided topical or systemic steroid use in all of the
patients. Local wound care and emollients and/or topical
pramoxine were used to relieve pruritus in patients with the
exanthematous reaction pattern. Patients with the urticarial
reaction pattern were given oral antihistamines. All patients
began to spontaneously resolve in 4–7 days after their initial
presentation. The time to complete resolution of the skin
manifestations correlated with the degree of involvement, but
all healed without scarring or superinfection.

The incidence of the exanthematous reaction pattern was
0.054% of vaccinees, that of the urticarial reaction pattern
was 0.018% and that of the EM-like reaction pattern was
0.009%.

These rates of incidence are higher than those estimated to
occur on the basis of the 10-state vaccinia vaccination survey
performed in 1968, where the rate of EM-like reactions was
0.0001% and the rate of other non-life-threatening complica-
tions, such as exanthems and urticarial reactions, was 0.0009%.
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Conclusions

 

In December 2002, the White House announced a smallpox
vaccination initiative to protect Americans from a potential
biological attack.

 

2

 

 Some of the first to be affected by the policy
were selected men and women serving in the United States
military. In January 2003, mass smallpox vaccinations were
begun at Fort Hood, the nation’s largest military installation.

Because of the surveillance and referral system put in place
at the beginning of the vaccination campaign, we believe that
we saw nearly every patient at Fort Hood with an unexpected
cutaneous reaction to the vaccine. Because most of the health-
care providers at Fort Hood had never before seen smallpox
vaccination complications, there was also a low threshold for
referring patients who had even minor skin complaints. These
two factors give us confidence that we have correctly reported
the prevalence of these reactions.

One limitation to the generalizability of the rates of civilian
complications based on these data is the make-up of the study
population. Military personnel differ in several ways from the
general population: their median age is lower, women are
underrepresented, and minorities are overrepresented. In

addition, military personnel are screened at entry into service
and individuals with certain medical conditions are excluded.
Members of the armed forces are also screened for health
problems regularly throughout their career.

During the study period, stringent exclusion criteria for
receiving the vaccination were in place to minimize the
number of adverse events in an era with no natural cases of
smallpox. In the event of an imminent biological attack, it is
anticipated that these standards would be modified down-
wards to better balance the risk of vaccination complications
with the risk of contracting smallpox. We believe that these
high screening standards succeeded in reducing the occurrence
of more serious reactions in this population, but the rate of
complications may be higher in civilian or other vaccination
programs that have lower or different exclusion standards.

The most common referring diagnosis to the dermatology
clinic was GV. As GV has not been commonly seen in the USA
for decades, its initial clinical presentation is not widely
known. In GV, vaccinia spreads hematogenously from the
vaccination site to other areas of the skin where it multiplies
in epidermal cells, eventually creating the typical pustule
found at the primary vaccination site.
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 The outcome of GV is
usually benign, but occasionally prolonged illness may war-
rant the administration of vaccinia immune globulin.
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None of our patients developed vacciniaform pustules dur-
ing the course of their illness, and histopathology did not
show viral inclusion bodies (Guarnieri’s bodies) in lesional
skin. This suggests that the mechanism for the illness is a sys-
temic immunologic reaction without hematogenous spread of
the virus. In the absence of tissue PCR, however, this cannot
be confirmed.

The patients showed three clinically and histopathologi-
cally distinct reaction patterns: exanthematous, urticarial,
and EM-like. The exanthematous reaction was the most com-
mon pattern, with a rate of 543 per million vaccinees. The
urticarial and EM-like reactions were seen at lower rates and
were clinically and histologically distinct from the exanthe-
matous pattern. None of the patients with the exanthematous
reaction evolved into either of the other two patterns, and
none of the patients transmitted vaccinia to their unvaccin-
ated work or household contacts.

It is possible that this exanthematous reaction pattern is the
same as the previously described roseola vaccinia or toxic ery-
thema;
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 however, we cannot find any consistent clinical or
histopathologic definition of these entities in the literature.
Because the eruption in our patients consisted of papules and
plaques as well as erythema, and because none of the patients
were toxic, we rejected the term toxic erythema. Likewise, the
term roseola describes a macular, rose-colored eruption that
was not seen in any of our patients.

The clinical and histopathologic differential diagnoses for
the exanthematous reaction pattern include allergic contact
dermatitis, atopic dermatitis, drug eruption, viral exanthem,
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and pityriasis rosea (PR). As viral exanthems are fairly com-
mon, patients with the exanthematous reaction should be
questioned about recent or resolving upper respiratory or
gastrointestinal infections. Patients should also be questioned
about both prescription and over-the-counter drug use, as an
exanthematous pattern is the most common morphology of
drug eruptions.
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Lesions of the exanthematous reaction pattern had a not-
able absence of scale which, together with the absence of the
herald patch and “Christmas tree” distribution, differentiate
this reaction pattern from true PR.

Allergic contact dermatitis, particularly to the adhesive in
the dressings used to cover the vaccination site, was seen in
our patients; however, allergic contact dermatitis to adhesive
should not become generalized, as was the case in patients
with the exanthematous reaction pattern.

Because all of the exanthematous reactions began as solitary
or a few papules, and as four of the patients had several small
pustules at presentation, an early stage of autoinoculation
was considered in the initial differential diagnosis. This was
ruled out by viral and bacterial cultures, DFA test, and PCR.

The primary differential diagnoses of the EM-like and urti-
carial reactions are vaccine-unrelated EM and urticaria,
respectively. The clinical presentations and the histopatho-
logic findings of these two reaction patterns were very similar
to EM (minor) and urticaria, respectively, in the absence of a
history of smallpox vaccination. As EM is most frequently
associated with recurrent HSV infection,
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 all patients with
EM-like reactions should be questioned about orolabial HSV
lesions and a previous history of EM. Likewise, all patients
with an urticarial reaction pattern should be questioned
about previous urticarial eruptions, as well as illnesses,
known allergies, and current medications, as these have all
been associated with urticaria.

Treatment for all types of reactions described here is
supportive. In our patients with the exanthematous reaction
pattern and severe pruritus, we recommended 1% pramoxine
lotion, a topical anesthetic that was well tolerated and effec-
tive, but required frequent applications.

Our patients experienced resolution of their eruptions
within 10 days without sequelae. They remained afebrile
throughout the course of their illness and, except for an occa-
sional headache and variable degrees of pruritus, experienced
no systemic symptoms; however, the patients and their refer-
ring healthcare providers expressed great anxiety over their
eruptions. We hope that, through our experience, other
military and civilian smallpox vaccination programs and the
physicians evaluating the adverse events will know better

what to expect, and how to recognize the less serious but rel-
atively frequent hypersensitivity reaction patterns associated
with the vaccination.
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