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On June 25, 2015, the Advisory Committee on Immunization 
Practices (ACIP) recommended routine vaccination with live 
smallpox (vaccinia) vaccine (ACAM2000) for laboratory 
personnel who directly handle 1) cultures or 2) animals con-
taminated or infected with replication-competent vaccinia 
virus, recombinant vaccinia viruses derived from replication-
competent vaccinia strains (i.e., those that are capable of 
causing clinical infection and producing infectious virus in 
humans), or other orthopoxviruses that infect humans (e.g., 
monkeypox, cowpox, and variola) (recommendation category: 
A, evidence type 2 [Box]). Health care personnel (e.g., physi-
cians and nurses) who currently treat or anticipate treating 
patients with vaccinia virus infections and whose contact 
with replication-competent vaccinia viruses is limited to con-
taminated materials (e.g., dressings) and persons administer-
ing ACAM2000 smallpox vaccine who adhere to appropriate 
infection prevention measures can be offered vaccination with 
ACAM2000 (recommendation category: B, evidence type 2 
[Box]). These revised recommendations update the previous 
ACIP recommendations for nonemergency use of vaccinia virus 

smallpox vaccine for laboratory and health care personnel at 
risk for occupational exposure to orthopoxviruses (1). Since 
2001, when the previous ACIP recommendations were devel-
oped, ACAM2000 has replaced Dryvax as the only smallpox 
vaccine licensed by the U.S. Food and Drug Administration 
(FDA) and available for use in the United States (2). These 
recommendations contain information on ACAM2000 and 
its use in laboratory and health care personnel at risk for occu-
pational exposure to orthopoxviruses.

Background
Smallpox vaccines containing vaccinia virus were used to 

successfully eradicate smallpox as a disease of humans (3). 
Eradication was made possible by the ability of vaccinia virus to 
induce cross-protective immunity against other viruses within 
the orthopoxvirus genus capable of producing human infec-
tion (e.g., variola, monkeypox, and cowpox) (3). ACAM2000 
(Smallpox [Vaccinia] Vaccine, Live) is currently the only 
smallpox vaccine licensed by FDA and available for use in the 
United States. The license for Dryvax vaccine, the smallpox 
vaccine previously recommended by ACIP, was withdrawn in 

Recommendations for routine use of vaccines in children, 
adolescents, and adults are developed by the Advisory Committee 
on Immunization Practices (ACIP). ACIP is chartered as a 
federal advisory committee to provide expert external advice and 
guidance to the Director of the Centers for Disease Control and 
Prevention (CDC) on use of vaccines and related agents for the 
control of vaccine-preventable diseases in the civilian population 
of the United States. Recommendations for routine use of vaccines 
in children and adolescents are harmonized to the greatest 
extent possible with recommendations made by the American 
Academy of Pediatrics (AAP), the American Academy of Family 
Physicians (AAFP), and the American College of Obstetricians 
and Gynecologists (ACOG). Recommendations for routine use 
of vaccines in adults are harmonized with recommendations 
of AAFP, ACOG, the American College of Physicians (ACP), 
and the American College of Nurse-Midwives (ACNM). ACIP 
recommendations adopted by the CDC Director become agency 
guidelines on the date published in the Morbidity and Mortality 
Weekly Report (MMWR). Additional information regarding 
ACIP is available at http://www.cdc.gov/vaccines/acip.

BOX. The U.S. Advisory Committee on Immunization Practices system 
for grading evidence and recommendations*

Recommendation categories
Category A: Recommendation that applies to all persons 

in an age- or risk-based group.
Category B: Recommendation for individual clinical 

decision-making.

Type or quality of evidence
1. Randomized controlled trials  (RCTs),  or 

overwhelming evidence from observational studies.
2. RCTs with important limitations, or exceptionally 

strong evidence from observational studies.
3. RCTs with notable limitations, or observational studies.
4. RCTs with several major limitations, observational 

studies with important limitations, or clinical 
experience and observations.

* Adopted from the GRADE (Grading of Recommendations Assessment, 
Development, and Evaluation) system.
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2008, and all remaining supplies of this vaccine were subse-
quently destroyed (2).

ACAM2000 is a vaccinia virus vaccine derived from a 
plaque-purified clone of the same New York City Board of 
Health strain that was used to manufacture Dryvax vaccine. 
ACAM2000 is grown in African green monkey kidney (Vero) 
cells and tested to be free of known adventitious agents (4). 
Safety data from ACAM2000 clinical trials indicate a similar 
safety profile to Dryvax, including a risk for serious adverse 
events (e.g., progressive vaccinia, postvaccinial encephalitis, and 
eczema vaccinatum) (5,6). Myopericarditis has also been asso-
ciated with ACAM2000 and is estimated to occur at a rate of 
5.7 per 1,000 primary vaccinees based on clinical trial data (6).

ACAM2000 is provided as a lyophilized preparation of 
purified live virus containing the following nonactive excipi-
ents: 6 mM–8 mM HEPES (pH 6.5–7.5), 2% human serum 
albumin United States Pharmacopeia (USP), 0.5%–0.7% 
sodium chloride USP, 5% mannitol USP, and trace amounts 
of neomycin and polymyxin B (6). Diluent for ACAM2000 
contains 50% (v/v) glycerin USP and 0.25% (v/v) phenol USP 
in water for injection USP. Diluent is supplied as 0.6 mL of 
liquid in 3 mL clear glass vials (6).

ACAM2000 is administered in a single dose by the percu-
taneous route (scarification) using 15 jabs of a stainless steel 
bifurcated needle that has been dipped into the reconstituted 
vaccine (6). Following successful administration of vaccine, 
ACAM2000 produces vaccination site lesions containing 
infectious vaccinia virus capable of transmission through 
autoinoculation and inadvertent inoculation of close contacts 
of vaccinees. The development of vaccination site lesions may 
be modified or greatly reduced in revaccinees (3,6).

Poxviruses are increasingly being used in biomedical research 
for a wide range of purposes. Vaccinia virus is the most fre-
quently studied poxvirus and serves as the prototype of the 
orthopoxvirus genus. It has not only been used in the area 
of basic virology but also as both an immunology tool and 
potential vaccine vector because of its ability to serve as a vec-
tor for the expression of foreign genes (antigens) (7,8). Many 
strains of vaccinia virus exist with different levels of virulence 
in humans and animals. Distinguishing between replication-
competent and replication-deficient poxvirus strains is useful 
in establishing the risk they pose to persons who might be 
occupationally exposed to such viruses. Replication-deficient 
poxvirus strains can be defined as those that do not produce 
infectious virus in humans (and therefore do not cause clinical 
infection), and as such, pose a substantially lower risk com-
pared with replication-competent poxvirus strains, which 
are capable of causing clinical infection in humans as well as 
producing infectious virus that can be transmitted to others. 
Modified vaccinia Ankara (MVA), NYVAC, TROVAC, and 

ALVAC are examples of replication-deficient poxvirus strains 
(9,10). The categories replication-competent and replication-
deficient replace the previous poxvirus strain categories of 
highly attenuated and nonhighly attenuated to add clarity and 
specificity to the vaccination recommendations (1). Persons 
at risk for occupational exposure to orthopoxviruses might 
include laboratory personnel who have contact or work with 
live orthopoxviruses or clinical samples from suspected cases of 
orthopoxvirus infection, animal care personnel who have direct 
contact with orthopoxvirus-inoculated or -infected animals or 
their secretions, and health care personnel (e.g., physicians and 
nurses) involved in caring for orthopoxvirus-infected persons 
or administering biological agents containing orthopoxviruses.

Methods
These recommendations were developed using the Grading 

of Recommendations Assessment, Development and 
Evaluation (GRADE) methodology (Box) (11–13). GRADE 
steps include defining specific questions, identifying impor-
tant health outcomes, summarizing evidence for important 
outcomes, assessing quality of evidence, and formulating 
recommendations. Principal considerations for formulating 
recommendations include balance of benefits and harms; qual-
ity of evidence; values and preferences; and health economic 
analyses. The central policy question for this policy note was 
whether routine vaccination with ACAM2000 should be rec-
ommended for laboratory and health care personnel at risk for 
occupational exposure to orthopoxviruses (13).

Rationale and Evidence
ACIP considered the risk for infection, the risk for an adverse 

event following vaccination, and the benefit from vaccination 
in developing these recommendations. Vaccinia virus smallpox 
vaccine has been recommended by ACIP for the protection 
of laboratory personnel against orthopoxviruses since 1980. 
However, 14 orthopoxvirus infections were reported in labo-
ratory personnel in the United States during 2004–2014; 13 
of these infections occurred in laboratory personnel who 
were not vaccinated according to ACIP recommendations 
(8) (CDC unpublished data 1/1/2015). Although these data 
indicate the presence of risk, it is difficult to quantify the 
absolute number of persons at risk for occupational exposure 
to orthopoxviruses because the size of the population at risk 
is not known and vaccinia virus and cowpox virus exposures 
and infections among this population are not notifiable events. 
During the same 2004–2014 period, no reports of preventable 
vaccine-associated serious adverse events (e.g., eczema vac-
cinatum, progressive vaccinia, or contact transmission) were 
documented among laboratory and health care personnel at 
risk for occupational exposure who had been vaccinated with 
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smallpox vaccine. Furthermore, data from U.S. military per-
sonnel and civilian first responders vaccinated during smallpox 
vaccination campaigns that were initiated in 2002 indicate 
that the incidence of serious adverse events overall was lower 
than previously reported in 1968 (14–16). Although serious 
adverse events have occurred, this decrease in incidence is likely 
attributable to more stringent prevaccination screening proce-
dures to identify persons who should not receive the vaccine, 
to increased use of protective bandages to cover the vaccina-
tion site, and to enhanced education of vaccinees compared 
with the routine vaccination practices in place in the 1960s. 
Vaccination with ACAM2000 is expected to provide benefit to 
persons at risk for occupational exposure to orthopoxviruses, 
given the ability of vaccinia virus smallpox vaccines to induce 
cross-protective immunity against other viruses within the 
orthopoxvirus genus.

Recommendations
Laboratory and health care personnel at risk for occupational 

exposure to orthopoxviruses should follow recommended 
biosafety guidelines and adhere to published infection pre-
vention and control procedures (17–19). Laboratories using 
both replication-competent and replication-deficient vaccinia 
virus strains where working areas for these viruses cannot be 
clearly segregated should follow increased biosafety precautions 
because laboratory infections caused by contamination have 
been previously documented (8,17). Persons with immuno-
compromising conditions or other contraindications to vacci-
nation are at increased risk for severe disease if an occupational 
exposure occurs.

Routine vaccination with ACAM2000 is recommended for 
laboratory personnel who directly handle 1) cultures or 2) ani-
mals contaminated or infected with replication-competent 
vaccinia virus, recombinant vaccinia viruses derived from 
replication-competent vaccinia strains (i.e., those that are 
capable of causing clinical infection and producing infectious 
virus in humans), or other orthopoxviruses that infect humans 
(e.g., monkeypox, cowpox, and variola) (recommendation 
category: A, evidence type 2 [Box]). However, vaccination 
with ACAM2000 is not recommended for persons who work 
only with replication-deficient poxvirus strains (e.g., MVA, 

NYVAC, TROVAC, and ALVAC) (recommendation category: 
A, evidence type 2 [Box]).

Laboratory personnel working with replication-competent 
vaccinia viruses and recombinant viruses developed from 
replication-competent vaccinia viruses should be revaccinated 
with ACAM2000 at least every 10 years (recommendation 
category: A, evidence type 2 [Box]). To ensure an increased 
level of protection against more virulent orthopoxviruses (e.g., 
variola, monkeypox), revaccination with ACAM2000 every 3 
years is recommended for personnel handling these viruses (rec-
ommendation category: A, evidence type 2 [Box]) (Table 1). 
Public health and health care volunteers who were vaccinated 
as responders in the U.S. Civilian Smallpox Preparedness 
and Response Program should refer to the October 2008 
CDC Interim Guidance for Revaccination of Eligible Persons 
who Participated in the US Civilian Smallpox Preparedness and 
Response Program (http://emergency.cdc.gov/agent/smallpox/
revaxmemo.asp).

Health care personnel (e.g., physicians and nurses) or ani-
mal care personnel whose contact with replication-competent 
vaccinia viruses is limited to contaminated materials (e.g., 
dressings or cages), but who adhere to appropriate infection 
prevention measures, are at lower risk for inadvertent infection 
than laboratory personnel. Similarly, persons administering 
ACAM2000 smallpox vaccine to laboratory and health care 
personnel at risk for occupational exposure to orthopoxviruses 
can decrease the risk for inadvertent infection through recom-
mended infection prevention measures. However, because of 
a theoretical risk for infection, vaccination with ACAM2000 
can be offered to health care  or animal care personnel, pro-
vided individual persons have no specified contraindications 
to vaccination (recommendation category: B, evidence type 2 
[Box]). Persons with an orthopoxvirus exposure should be 
evaluated by a health care provider and clinical management 
decisions, including postexposure smallpox vaccination should 
be made on a case-by-case basis in consultation with public 
health authorities.

Precautions and Contraindications
Nonemergency use of ACAM2000 should be avoided 

in persons with increased risk for adverse events following 

TABLE 1. Recommendations for revaccination of laboratory and health care personnel at risk for occupational exposure to orthopoxviruses

Orthopoxvirus Revaccination schedule

Replication-competent vaccinia viruses and recombinant viruses developed from replication-competent vaccinia viruses At least every 10 years
More virulent orthopoxviruses (e.g., variola, monkeypox) Every 3 years
Replication-deficient vaccinia viruses and recombinant viruses developed from replication-deficient vaccinia viruses* Not recommended

* Laboratories that use both replication-competent and replication-deficient vaccinia virus strains but where working areas for these viruses cannot be clearly 
segregated should follow increased biosafety precautions because laboratory infections due to contamination have previously been documented. Sources: MacNeil A, 
Reynolds MG, Damon IK. Risks associated with vaccinia virus in the laboratory. Virology 2009;385:1–4; Chosewood LC, Wilson DE. CDC; National Institutes of Health. 
Biosafety in microbiological and biomedical laboratories. 5th ed. Washington, DC: US Department of Health and Human Services, Public Health Service, CDC, National 
Institutes of Health; 2009.
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administration of smallpox vaccine. Contraindications for 
nonemergency use of ACAM2000 include persons with a 
history or presence of atopic dermatitis, persons with other 
active exfoliative skin conditions (e.g., eczema, burns, impetigo, 
varicella zoster virus infection, herpes simplex virus infection, 
severe acne, severe diaper dermatitis with extensive areas of 
denuded skin, psoriasis, or Darier disease [keratosis follicu-
laris]); persons with conditions associated with immunosup-
pression (e.g., human immunodeficiency virus [HIV] infection 
or acquired immune deficiency syndrome [AIDS], leukemia, 
lymphoma, generalized malignancy, solid organ transplan-
tation, or therapy with alkylating agents, antimetabolites, 
radiation, tumor necrosis factor [TNF] inhibitors, or high-
dose corticosteroids [≥2 mg/kg body weight or ≥20 mg/day 
of prednisone or its equivalent for ≥2 weeks], hematopoietic 
stem cell transplant recipients <24 months post-transplant 
or ≥24 months, but who have graft-versus-host disease or 
disease relapse, or autoimmune disease [e.g. systemic lupus 
erythematosus] with immunodeficiency as a clinical com-
ponent); persons aged <1 year; women who are pregnant or 
breastfeeding; persons with a serious allergy to any component 
of ACAM2000; persons with known underlying heart disease 
with or without symptoms (e.g., coronary artery disease or 
cardiomyopathy); and primary vaccinees with three or more 
known major cardiac risk factors (i.e., hypertension, diabetes, 
hypercholesterolemia, heart disease at age 50 years in a first-
degree relative, and smoking) (recommendation category: A, 
evidence type 2). Data from clinical trials and epidemiologic 
studies suggest that primary vaccinees might be at increased 
risk for myopericarditis (20,21). Although the specific risk fac-
tors for myopericarditis following smallpox vaccination have 

not been identified, the consequences of myopericarditis are 
more likely to be severe in persons with known heart disease or 
cardiac risk factors than in persons without these conditions.

Given the risk for vaccinia virus transmission from recently 
vaccinated persons through inadvertent inoculation, non-
emergency use of ACAM2000 is also contraindicated in 
persons with household contacts with a history or presence 
of atopic dermatitis, other active exfoliative skin conditions 
(e.g., eczema, burns, impetigo, varicella zoster, herpes, severe 
acne, severe diaper dermatitis with extensive areas of denuded 
skin, psoriasis, or Darier disease [keratosis follicularis]); condi-
tions associated with immunosuppression (e.g., HIV/AIDS, 
leukemia, lymphoma, generalized malignancy, solid organ 
transplantation, or therapy with alkylating agents, antimetabo-
lites, radiation, TNF inhibitors, or high-dose corticosteroids 
[i.e., ≥2 mg/kg body weight or 20 mg/day of prednisone or 
its equivalent for ≥2 weeks], hematopoietic stem cell trans-
plant recipients <24 months post-transplant or ≥24 months, 
but who have graft-versus-host disease or disease relapse, 
or autoimmune disease [e.g. systemic lupus erythematosus] 
with immunodeficiency as a clinical component); household 
contacts aged <1 year; and household contacts who are preg-
nant (recommendation category: A, evidence type 2 [Box]). 
Household contacts include persons with prolonged intimate 
contact with the potential vaccinee (e.g. sexual contacts) and 
others who might have direct contact with the vaccination 
site or with potentially contaminated materials (e.g., dress-
ings or clothing) (Table 2). ACIP also does not recommend 
nonemergency vaccination with ACAM2000 for children and 
adolescents aged <18 years.

TABLE 2. Contraindications to using ACAM2000 smallpox vaccine in laboratory and health care personnel at risk for occupational exposure to 
orthopoxviruses

Contraindication Primary vaccinees Revaccinees Household contacts*

History or presence of atopic dermatitis √ √ √
Other active exfoliative skin conditions† √ √ √
Conditions associated with immunosuppression§ √ √ √
Pregnancy √ √ √
Aged <1 yr¶ √ √ √
Breastfeeding √ √
Serious vaccine component allergy √ √
Known underlying heart disease (e.g., coronary artery disease or cardiomyopathy) √ √
Three or more known major cardiac risk factors** √

 * Household contacts include persons with prolonged intimate contact with the potential vaccinee (e.g., sexual contacts) and others who might have direct contact 
with the vaccination site or with potentially contaminated materials (e.g., dressings or clothing).

 † Conditions include eczema, burns, impetigo, varicella zoster, herpes, severe acne, severe diaper dermatitis with extensive areas of denuded skin, psoriasis, or Darier 
disease (keratosis follicularis).

 § Conditions include human immunodeficiency virus/acquired immune deficiency syndrome infection, leukemia, lymphoma, generalized malignancy, solid organ 
transplantation, therapy with alkylating agents, antimetabolites, radiation, tumor necrosis factor inhibitors, high-dose corticosteroids, being a recipient with 
hematopoietic stem cell transplant <24 months post-transplant or ≥24 months but with graft-versus-host disease or disease relapse, or having autoimmune disease 
with immunodeficiency as a clinical component.

 ¶ Vaccination of infants aged <1 year is contraindicated. Additionally, the Advisory Committee on Immunization Practices does not recommend vaccinating children 
and adolescents aged <18 years.

 ** Major cardiac risk factors include hypertension, diabetes, hypercholesterolemia, heart disease at age 50 years in a first-degree relative, and smoking.
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Persons with inflammatory eye disease might be at increased 
risk for inadvertent inoculation as a result of touching or 
rubbing the eye. Therefore, deferring vaccination is prudent 
for persons with inflammatory eye diseases requiring steroid 
treatment until the condition resolves and the course of 
therapy is complete (recommendation category: B, evidence 
type 4 [Box]).

Adverse events occurring after administration of any vaccine 
should be reported to the Vaccine Adverse Event Reporting 
System (VAERS). Reports can be submitted to VAERS online, 
by fax, or by mail. Additional information about VAERS is 
available by telephone (1-800-822-7967) or online (https://
vaers.hhs.gov).

ACAM2000 Availability
CDC is the only source of ACAM2000 for civilians. CDC 

will provide ACAM2000 to protect laboratory and other health 
care and animal care personnel whose occupations place them 
at risk for exposure to vaccinia and other orthopoxviruses, 
including recombinant vaccinia viruses. Vaccine should be 
administered under the supervision of a physician selected 
by the requesting institution. Vaccine will be shipped to the 
responsible physician. Requests for vaccine, including the 
reason for the request, should be referred to the following: 
CDC Drug Service, Division of Scientific Resources, National 
Center for Emerging and Zoonotic Infectious Diseases, Office 
of Infectious Diseases,Mailstop D-09, Atlanta, GA 30329; 
telephone: 404-639-3670; fax: 404-639-3717; e-mail: drug-
service@cdc.gov.

Future Directions
ACIP will review these recommendations as new information 

or developments related to orthopoxvirus disease, smallpox 
vaccines (including licensure of additional smallpox vaccines), 
smallpox vaccine adverse events, and the experience gained in 
the implementation of these recommendations becomes avail-
able. Revised recommendations will be developed as needed.
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