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 Biosafety Tips brings you practical approaches to 
biosafety or “news you can use.” If you are looking 
for a useful and sensible solution to a biocontain-
ment problem or perhaps a reference to help con-
vince a skeptical researcher of the need for caution, 
this is the place to look. In this column I will share 
some biosafety insights for managing a variety of 
workplace situations. I welcome feedback or sugges-
tions for future topics. Please e-mail any comments 
or suggestions to karen_byers@dfci.harvard.edu or 
to Co-Editor Barbara Johnson at barbara_johnson@ 
verizon.net. 

Biosafety Issues in Laboratory Experi-
ments Using Vaccinia Viral Vectors 

 Vaccinia vectors allow the insertion of large (2 
kb) genomic segments. The foreign DNA will not be 
integrated into the host cell, and expression of the 
foreign gene will be at relatively high levels (Kost, 
2001). These advantages prompt molecular biolo-
gists to use viral vectors constructed from a variety of 
vaccinia virus strains, some of which are highly at-
tenuated strains of the virus and others that are non-
attenuated. Communicating the risks of working 
with vaccinia is a challenge for the biosafety profes-
sional. 

Highly Attenuated Strains of Vaccinia 

 TROVAC (fowlpox) and ALVAC (canarypox) 
strains do not replicate in human cells, and NYVAC 
(derived from Copenhagen strain) replicates poorly 
in human cells. When working with these strains, 
CDC advises using Biosafety Level 1 (CDC, 2001). 

MVA (Ankara) is listed as another highly attenuated 
strain; however, the containment recommended for 
it is Biosafety Level 2 (CDC, 2001). Smallpox vacci-
nation is not recommended for work with 
TROVAC, ALVAC, NYVAC, or MVA (Ankara) 
because, in the event of an exposure, these viruses 
do not replicate and produce a clinical infection. 
However, vaccinia vectors made from highly attenu-
ated strains are effective in presenting the genetic 
insert as an antigen in human cells, and this must be 
considered when conducting the recombinant risk 
assessment. In fact, recombinant vectors made from 
highly attenuated strains of vaccinia are used in hu-
man gene transfer trials (CDC, 2001). 

Nonattenuated Strains of Vaccinia 

 Working safely with nonattenuated vaccinia 
strains [NYCBOH, Western Reserve (WR), Copen-
hagen, or Lister] requires a thorough understanding 
of the infectivity of these viruses, the benefits of 
smallpox vaccination, and the protective practices of 
Biosafety Level 2. In the United States, Dryvax® is 
the licensed smallpox vaccine; it is prepared from 
the New York City Board of Health (NYCBOH) 
strain of vaccinia virus. Smallpox vaccination is rec-
ommended for laboratory staff handling vaccinia or 
infected animals. Vaccination provides controlled 
percutaneous doses of approximately 2.5 × 105 PFU 
of NYCBOH, a well-characterized virus of low patho-
genicity. This prompts a protective immune response 
in the event of an uncontrolled exposure incident 
involving a larger dose or a virus of higher or un-
known pathogenicity. In addition, persons with pre-
existing immunity to vaccinia might be protected 
against seroconversion to the foreign antigen ex-
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pressed by a recombinant virus if inadvertently ex-
posed (CDC, 2001). Researchers may be reluctant to 
receive smallpox vaccination because there are a 
number of medical contraindications to vaccination. 
In addition, precautions must be followed to prevent 
autoinoculation or dissemination of virus from the 
inoculation site. Discussing all of these issues im-
proves the researchers’ understanding of the vector 
system they plan to use. 
 Laboratory staff members who are unfamiliar 
with the constraints of working at Biosafety Level 2 
may interpret the initial training session as “a lot of 
rules.” To improve acceptance of the requirements 
and propel researchers to change from casual BSL-1 
to stringent BSL-2 work practices, a discussion of 
laboratory-acquired infections is helpful. Current 
literature has several graphic descriptions of vaccinia 
virus laboratory-acquired infections, and these may 
be used to improve understanding of BSL-2 contain-
ment requirements and increase acceptance of small-
pox vaccination. 

Examples of Incidents 
 The list below summarizes nine published cases 
of laboratory-acquired infection with vaccinia virus. 
• A postgraduate student was hospitalized with 
high fever, severe swelling, and inflammation of the 
face. He had recently had an eyebrow pierced, but 
bacterial cultures of the wound were negative. He 
also had a lesion on his finger. The student had 
been infecting mice with a thymidine kinase dele-
tion mutant of the WR strain but did not sustain a 
needlestick or other known exposure. When a labo-
ratory colleague visited the hospital, he noted that 
the lesion on the finger looked like vaccinia. The 
eyebrow wound was also infected with vaccinia, 
probably through autoinoculation. The infected in-
dividual had not been vaccinated (HSE, 2005). 
• An individual working with WR strain, 
thymidine kinase deletion mutant, sought medical 
attention for a lesion on his finger. This person had 
received training in lab techniques and the risks of 
working with vaccinia, but he did not know the 
symptoms and did not know he was infected. The 
infected individual had not been vaccinated (HSE, 
2005). 
• An experienced researcher who worked with vac-

cinia for 10 years handled a cell culture with a high 
titer of recombinant virus (106). He did not have an 
exposure incident; however, he developed an infec-
tion in his fingers. In this case, the palms of his 
hands were mildly roughened from work in cold 
temperatures, but he had no underlying derma-
tological conditions. The recombinant virus had an 
immunomodulating insert which may affect leuko-
cyte adhesion; this may have made the infection 
more serious. The researcher was vaccinated at 1 
year and 12 years of age; the infection occurred at 
age 40 (Mempel, 2003). 
• A woman with eczema noticed that wearing 
gloves exacerbated her dermatitis. Therefore, she did 
not wear gloves when handling vaccinia virus and 
became infected with the strain she was handling. 
She received medical attention twice for her infected 
fingers before hospitalization with the appropriate 
diagnosis. Fortunately, she recovered completely. 
She was not vaccinated (Loeb, 2003). 
• A technician in a laboratory working with vac-
cinia received a minor cut from a coverslip. Twelve 
days later, a “pimple” developed at the site; she 
squeezed it and pus squirted onto her chin. One to 
2 days later, a lesion appeared on her chin. The cut 
was not considered the exposure incident because of 
the length of time before the lesion appeared; it is 
assumed that the cut became contaminated later, 
followed by autoinoculation on the chin (Wlodaver, 
2004). 
• While injecting mice with an infectious vaccinia 
virus recombinant expressing the N gene of VSV, a 
small cut on the right ring finger was inoculated 
with a drop of virus. The individual washed his 
hands immediately. Five days later, the finger was 
swollen and reddened; a pock developed on day 10. 
The virus was not attenuated by insertional inactiva-
tion of the thymidine kinase gene. The infected indi-
vidual had been immunized 30 years earlier. Testing 
revealed antibody to VSV proteins (Jones, 1986). 
• A technician was manipulating five recombinant 
vaccinia viruses (rVV) expressing individual proteins 
from RSV. Fine needles held in the right hand were 
being used to transfer live virus to materials in the 
left hand. This procedure had been used for 13 
months without incident, until one Friday afternoon 
a needle slipped and penetrated the glove over the 

K. B. Byers 



120 

left thumb. The technician continued working and 
also inoculated her forefinger with a different rVV. 
A localized infection developed. The author felt the 
incident would have been more serious had she not 
been vaccinated just 2 years before it occurred 
(Openshaw, 1991). 
• While harvesting purified virus, a technician 
sustained a needlestick. Six days later, pustules ap-
peared on all of her fingers, and on the eighth day 
necrotic tissue from her fingers had to be surgically 
excised. The infected individual had not been vacci-
nated since childhood (Moussatche, 2003). 
• A researcher sustained a splash of IHD-J strain 
of vaccinia on some abrasions on his hand. Three 
days later localized erythematous pruritic papules 
developed at the site of the splash. On day 6, he 
sought medical attention for localized vaccinia. He 
was afebrile and without adenopathy. His vaccina-
tion 7 months earlier had been a “take”; the lesions 
resolved without treatment (Rusnak, 2004). 

Additional Incidents with a Related Pox 
Viral Vector (Raccoon Pox) 
• A staff member was injecting mice with raccoon 
pox vector and, during disposal, sustained a needle-
stick with the used needle. The inoculum was esti-
mated to be less 15 microliters of a 107 pfu/ml solu-
tion; however, she developed a localized infection 
(Rocke, 2004). 
• A woman was bitten by her dog when she at-
tempted to remove a sachet containing raccoon pox 
from her dog’s mouth. Raccoon pox-laden sachets 
are used to control rabies; poxviruses are so stable 
that they can be used in pellets distributed in the 
wild for rabies control (Rupprecht, 2001). 
 This extensive list of recent laboratory-associated 
infections should raise awareness of the infectivity of 
vaccinia and vaccinia vectors. VIG, or sterile im-
mune globulin prepared from the plasma of vaccine 
recipients, is available for the treatment of adverse 
reactions to vaccinia vaccination or for high-risk ex-
posure incidents. However, its use is not recom-
mended for vaccinia keratinitis (CDC, 2001); the 
importance of eye protection when handling these 
viruses should be obvious. The following points 
from the LAI reports may stimulate discussion about 
vaccinia virus and proper containment. 

• CDC recommends vaccination for work with 
nonattenuated strains of vaccinia (CDC, 2001). 
• Infections with this vaccinia may occur in the 
absence of a known exposure incident. Contact with 
contaminated surfaces is considered the probable 
source of infection (HSE, 2005; Mempel, 2003). 
• Researchers should know the symptoms caused 
by infection with vaccinia (HSE, 2005; Loeb, 2003; 
Wlodaver, 2004), and should disclose their potential 
workplace exposures when seeking medical atten-
tion. Two of these cases were further complicated by 
autoinoculation (HSE, 2005; Wlodaver, 2004). 
• Gloves should be worn; this simple practice 
would have prevented two laboratory-acquired infec-
tions (Loeb, 2003; Rusnak, 2004). 
• Wherever possible, sharps should be eliminated 
from Biosafety Level 2 experiments. A needle should 
not be used to harvest purified virus (Moussache, 
2003). 
• LAIs have occurred with thymidine-kinase mu-
tants of the WR strain (HSE, 2005). 
• LAIs have occurred with recombinant viruses 
(Jones, 1986; Mempel, 2003; Openshaw, 1991; 
Rocke, 2004; Rupprecht, 2001). 
• In two laboratory-acquired cases, the individuals 
developed an immune response to the genetic insert 
(Jones, 1986; Rocke, 2004). This should prompt a 
good discussion of the proposed experiment. What 
are the consequences of exposure to the genetic in-
sert in the experiment undergoing review? 

Occupational Health Considerations 

Contraindications to Administration of 
Smallpox Vaccine 
 Are staff members aware of the other contraindi-
cations to receipt of vaccinia vaccine? This is impor-
tant; clearly, anyone with one of these contraindica-
tions is at increased risk for a laboratory-acquired 
infection if an exposure incident occurs. The list of 
contraindications for administration of smallpox 
vaccine is reprinted below. 

1. Eczema 
 “Because of the increased risk for eczema vacci-
natum, vaccinia vaccine should not be administered 
to persons with eczema of any degree, those with a 
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past history of eczema, those whose household con-
tacts have active eczema, or whose household con-
tacts have a history of eczema. Persons with other 
acute, chronic, or exfoliative skin conditions (e.g., 
atopic dermatitis, burns, impetigo, or varicella zos-
ter) might also be at higher risk for eczema vacci-
natum and should not be vaccinated until the condi-
tion resolves” (CDC, 2001). 

2. Pregnancy 
 “Live-viral vaccines are contraindicated during 
pregnancy; therefore, vaccinia vaccine should not be 
administered to pregnant women for routine none-
mergency indications. However, vaccinia vaccine is 
not known to cause congenital malformations. Al-
though <50 cases of fetal vaccinia infection have 
been reported, vaccinia virus has been reported to 
cause fetal infection on rare occasions, almost always 
after primary vaccination of the mother. Cases have 
been reported as recently as 1978. When fetal vac-
cinia does occur, it usually results in stillbirth or 
death of the infant soon after delivery” (CDC, 
2001). 

3. Altered Immunocompetence 
 “Replication of vaccinia virus can be enhanced 
among persons with immunodeficiency diseases and 
among those with immunosuppression (e.g., as oc-
curs with leukemia, lymphoma, generalized malig-
nancy, solid organ transplantation, cellular or hu-
moral immunity disorders, or therapy with alkylating 
agents, antimetabolites, radiation, or high-dose corti-
costeroid therapy [i.e., >2 mg/kg body weight or 20 
mg/day of prednisone for >2 weeks]). Persons with 
immunosuppression also include hematopoietic 
stem cell transplant recipients who are <24 months 
posttransplant, and hematopoietic stem cell trans-
plant recipients who are >24 months posttransplant 
but who have graft-versus-host disease or disease re-
lapse. Persons with such conditions or whose house-
hold contacts have such conditions should not be 
administered vaccinia vaccine” (CDC, 2001). 

4. Persons Infected with HIV 
 “Risk for severe complications after vaccinia vac-
cination for persons infected with HIV is unknown. 

One case of severe generalized vaccinia has been re-
ported involving an asymptomatic HIV-infected mili-
tary recruit after the administration of multiple vac-
cines that included vaccinia vaccine. Additionally, a 
1991 report indicated that two HIV-infected persons 
might have died of a progressive vaccinia-like illness 
after treatment with inactivated autologous lympho-
cytes infected with a recombinant HIV-vaccinia vi-
rus. No evidence exists that smallpox vaccination 
accelerates the progression of HIV-related disease. 
However, the degree of immunosuppression that 
would place an HIV-infected person at greater risk 
for adverse events is unknown. Because of this un-
certainty, until additional information becomes 
available, not vaccinating persons (under routine 
nonemergency conditions) who have HIV infection 
is advisable” (CDC, 2001). 

Adverse Events from Smallpox Vaccine 

 Apparently, it is an open question whether ad-
verse cardiac events are associated with the use of the 
vaccine. The 2003 U.S. smallpox vaccination cam-
paign reported suspected or probable myo- or peri-
carditis in 22 of 38,257 civilian vaccines and in 63 of 
515,000 military vaccines (Upfal, 2004). No secon-
dary transmissions from civilian vaccines occurred. 
There were 14 cases of inadvertent inoculation of 
contacts of military vaccines and two cases of ocular 
vaccinia (Smallpox Vaccine Adverse Events Coordi-
nators, 2004). 
 After discussing the occupational health infor-
mation with researchers, you should take this oppor-
tunity to refer them to the occupational medical ser-
vices at your institution. My employer requires staff 
to visit occupational health services for screening 
and education on smallpox vaccination if they plan 
to work with nonattenuated vaccinia. Vaccination 
may be accepted or declined. However, staff mem-
bers with medical conditions that would contraindi-
cate smallpox vaccination are prohibited from work-
ing with nonattenuated vaccinia, since they would 
be at increased risk of infection if an exposure oc-
curs. 
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