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industry to fund reviews of 

innovator drugs, medical 

devices, and generic drugs, 

and BsUFA funds review 

of biosimilar biologics. It 

also reauthorizes two 

programs that encourage 

pediatric drug 

development. In 

connection with this 

funding, the agency has 

agreed to specific review 

performance and 

procedural goals, such as 

reviewing a certain 

percentage of applications 

within an established time 

frame.  The Biologics 

Price Competition and 

Innovation Act (BPCI 

Act), enacted in March 

2010, establishes an 

abbreviated licensure 

pathway for biosimilar and 

interchangeable biological 

products.  The BPCI Act 

also directs FDA to 

develop a user fee program 

for biosimilar products for 

fiscal years 2013 through 

2017.  BsUFA, similar to 

PDUFA, includes fees for 

drug applications, 

establishments, and 

products. FDA will 

dedicate these fees to 

Welcome to 

the BTSS 

Fall 

Newsletter! 

  

I hope everybody has 

survived the hot summer 

and is enjoying autumn 

weather. Kids are back in 

school, vacations are over 

and it’s time start thinking 

about the SOT Annual 

Meeting in 2013, BTSS 

reception, award 

nominations and proposals 

for 2014.  

 The SOT Annual 

Meeting is only six months 

away and the award 

nominations deadline is 

Dec. 1st.  There are many 

outstanding scientists in 

biotechnology in addition 

to young investigators just 

starting their careers. 

Consider nominating those 

who you believe deserve 

recognition. Student’s 

awards have a monetary 

value which would help 

them to attend SOT. If you 

work in Academia, please 

encourage your students to 

apply.  If not, send the 

award description 

(available on the website) 

to your alma mater and 

students doing research in 

biotechnology.  Did you 

read a great publication 

related to biotechnology 

this year?  Please submit it 

for the Best Paper award. 

Check inside this issue for 

more details.  

 I know it seems far 

away now, but the 

deadline for proposals for 

the 2014 SOT Annual 

Meeting is only one month 

after the upcoming 

meeting and BTSS prefers 

to have proposals 

submitted for sponsorship 

and/or endorsement by the 

end of 2013. 

 What is new in 

Biotechnology?  There is 

the Biosimilar User Fee 

Act (BsUFA), part of The 

Food and Drug 

Administration Safety and 

Innovation Act (FDASIA), 

which was signed into law 

on July 9, 2012.  FDASIA 

gives FDA the authority to 

collect user fees from 
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The Biotechnology Special-
ty Section Newsletter is 
published 3 times a year 
(Spring, Fall and Winter).  

To submit items of interest 
with members of the Spe-
cialty Section, please con-
tact Fanny Casado 
(casado@mcmaster.ca) or 
Marina Seme-Nelson 
(marina.semenelson@cova
nce.com). 

All comments on, or sug-
gestions for, the newsletter 
are welcomed. 
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expediting review of biosimilar 

products.   

 Did you know that the 

first commercially available 

genetically modified (GM) crop 

was a tomato which ripens 

slower than the conventional 

varieties, thus increasing shelf 

life? This was followed by insect 

resistant and herbicide tolerant 

varieties of corn, soybean, 

cotton, beet and canola, and virus 

resistant potato, papaya, squash 

and plum. For a review, see the 

article by Sule Karaman. 

Another article by David 

Harbourt covers the bio-defense 

research programs, BSL 3 and 4 

facilities, the cost of a variety of 

programs to combat potential 

bioterrorism and emerging 

infectious diseases, and lab 

practices to minimize exposure. 

Also, in this issue our newsletter 

committee has put together a list 

of select conferences to help you 

plan until August 2013. 

 Finally, when renewing 

your SOT membership (coming 

soon), please remember to renew 

your Biotechnology Specialty 

Section dues at the same time. 

Also, remember to mark your 

calendars for our BTSS 

reception at the SOT Annual  

Meeting (Monday evening, 6:00-

7:30 p.m.). It is your chance to 

network, find out the latest news 

of the section, see how you can 

get involved, and enjoy a great 

program (even better than the 

last 3 years). 

Enjoy your reading! 
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Safe ty  Asse s sme nt  i n  the  Conte x t  o f  

G e ne t i c a l l y  M odi f i e d  Crops  
By  Su le  Karaman ,  AVEO Onco logy  

 The first commercially 

available genetically modified 

(GM) crop was Flavr Savrä to-

mato which ripens slower than 

the conventional varieties in-

creasing its shelf life.  It was pro-

duced by Calgene and deregulat-

ed in 1992 (Redenbaugh et al. 

1992). This was followed by in-

sect resistant and herbicide toler-

ant varieties of corn, soybean, 

cotton, beet and canola. Virus 

resistant potatoes, papaya, squash 

and plums have also been pro-

duced and deregulated (an exten-

sive list can be reached at http://

www.aphis.usda.gov/

biotechnology/not_reg.html). The 

newest generation of GM crops is 

those altered to provide nutrition-

al value such as altered oil or 

amino acid profile.  In the Unites 

States, Department of Agriculture 

(USDA), Food and Drug Admin-

istration (FDA) and Environmen-

tal Protection Agency (EPA) 

oversee the regulation of GM 

crops.  The USDA’s main con-

cern is whether a GM crop could 

become a pest harming agricul-

tural practices, the environment 

or public health.  The EPA is in-

volved on-

ly for in-

sect re-

sistant GM 

crops 

modified 

to express 

plant in-

corporated pesticides (PIPs).  The 

FDA evaluates the new plant va-

rieties produced through gene 

modification via a consultation 

process.  The FDA recommends 

developers of GM crops to con-

sult early in their development 

process as safety evaluation of 

GM crops is conducted on a case-

by-case basis.   

 

 The safety evaluation of 

GM crops encompasses human 

and livestock safety and environ-

mental risk assessment (ERA). A 

number of guidance documents 

have been generated in this re-

gard (OECD 1993, WHO 1995, 

FAO/WHO 2000, Codex 2003, 

EFSA 2006, EFSA 2011). These 

guidance documents evolved 

through time to capture increased 

understanding of safety in regard 

to this technology and to incorpo-

rate the scientific advancements 

into the assessment strategy.    

 This article provides a 

broad overview of globally ac-

cepted safety assessment para-

digms for GM crops for human 

and livestock consumption.  

The Safety Assessment 

Paradigm for GM 

Crops 

 Contrary to the common 

public opinion regarding the safe-

ty of commonly consumed foods, 

no food is absolutely safe. Many 

http://www.aphis.usda.gov/biotechnology/not_reg.html
http://www.aphis.usda.gov/biotechnology/not_reg.html
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http://www.who.int/foodsafety/publications/biotech/en/ec_june2000_en.pdf
http://www.bfr.bund.de/cm/343/codex_principles_and_guidelines_on_foods_derived_from_biotechnology.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/99.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/2150.pdf
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people suffer from food allergies 

and intolerances.  Certain crops 

can not be consumed raw or 

without particular treatment be-

cause they contain anti-nutrients 

or toxins.  Hence, safety assess-

ment of GM crops is based on the 

substantial equivalence concept.  

According to the substantial 

equivalence concept, a GM crop 

is as safe as a conventional coun-

terpart if it has the same typical 

features (OECD 1993).  The safe-

ty assessment for GM crops is 

conducted on a case-by-case ba-

sis and involves the safety evalu-

ation of the transgenic protein 

produced in the crop to introduce 

the desired trait as well as the 

evaluation of the ultimate product 

GM crop itself.  The following 

aspects are evaluated: 

Safety Assessment of the 

Transgenic Protein 

 Dietary proteins are gen-

erally innocuous because crops 

and animals consumed as food, 

and currently in the food chain, 

have been selected through thou-

sands of years of trial and error 

processes.  A small fraction of 

proteins are toxic, such as, snake 

venom toxins and enterotoxins 

that certain pathogens produce.  

And, a small fraction of proteins 

are allergens.  However, all 

known food allergens are protein 

in nature.  Hence, the safety as-

sessment of the transgenic pro-

tein used to impart the desired 

trait is a main step in the safety 

assessment of GM crops.   

Evaluation of Potential Aller-

genicity 

The Codex Alimentarius Com-

mission (Codex; a joint initiative 

on food safety of Food and Agri-

culture Organization and World 

Health Organization) laid out the 

basics of assessment of potential 

allergenicty in a 2003 document 

(Codex 2003).  The approach was 

refined in a 2009 document 

(Codex 2009).  Since there is no 

single criterion that determines 

what makes an allergen an aller-

gen, a weight of evidence ap-

proach is applied.  

 The first aspect given 

consideration is the source of the 

gene. If the source of the gene is 

known to cause allergy (such as 

peanut), according to Codex, any 

gene that comes from that organ-

ism should be considered an al-

lergen until proven otherwise. 

Therefore, developers of GM 

crops tend to use proteins that 

come from organisms that have 

history of safe use (Goodman and 

Tetteh, 2011 Curr Allergy Asth-

ma Rep 11: 315-24).  Because of 

molecular mimicry, proteins with 

similar sequence and structure 

may cause cross-reactivity or be-

come de novo allergens. There-

fore, evaluation of potential aller-

genicity includes a bioinformat-

ics based sequence similarity 

analysis through which the amino 

acid sequences of the candidate 

proteins are compared against 

that of known allergens 

(Goodman and Tetteh, 2011 Curr 

Allergy Asthma Rep 11: 315-24, 

Ladics et al. 2011 Regul Toxicol 

Pharmacol 60: 46-53). When 

there is more than 35% identity 

over a segment of 80 or greater 

amino acids between the candi-

date protein and a known aller-

gen, IgE cross-reactivity is con-

sidered possible.  Short identical 

segments are also given consider-

ation due to potential of being 

allergenic epitopes in a scientifi-

cally justifiable manner (Ladics 

et al. 2011 Regul Toxicol Phar-

macol 60: 46-53).  Based on 

these two criteria, if a potential 

cross-reactivity is suspected, spe-

cific IgE screen is performed.   

Many allergenic proteins are re-

sistant to digestion and some are 

capable of eliciting allergy even 

after cooking.   Therefore, alt-

hough it does not perfectly mimic 

digestion in the stomach, a stand-

ardized pepsin assay on the puri-

fied transgenic protein is con-

ducted (Bannon et al. 2002 Com-

ments Toxicol 8: 271-85, Thomas 

et al. 2004 Regul Toxicol Phar-

macol 39: 87-98, Ofori-Anti et 

al. 2008 Regul Toxicol Pharma-

col 52: 94-103). The results of 

1) Potential allergenicty of 

the transgenic protein 

2) Potential toxicity of the 

transgenic protein 

3) Compositional analysis of 

the transgenic crop 

4) Animal feeding studies 

with the transgenic crop 

for nutritional equivalency 

5) On a case-by-case basis, 

animal feeding studies 

with the transgenic crop 

for assessment of whole-

someness and toxicity.  

http://dbtbiosafety.nic.in/guideline/OACD/Concepts_and_Principles_1993.pdf
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heat stability assays are also re-

quired by regulators in some ge-

ographies.  However, a standard-

ized heat stability assay is not 

available.       

Evaluation of Potential Toxici-

ty 

 All known protein toxins 

are acutely toxic (Sjoblad et al. 

1992 Regul Pharmacol Toxicol 

15: 3-9). Therefore, one of the 

components of evaluation of po-

tential toxicity of the transgenic 

protein is acute toxicity studies 

conducted in rodents (OECD 

2002).  These studies are typical-

ly required by the USEPA for the 

GM crops that contain PIPs 

(USEPA, 2000).  On a case-by-

case basis, acute toxicity studies 

for transgenic proteins that are 

not PIPs may be required by reg-

ulators based on the information 

available about the protein of in-

terest. Additionally, repeated 

dose toxicity studies (OECD 

1995) are required by regulators 

of some countries such as the Eu-

ropean Union (EU; EFSA 2011).  

 

Safety Assessment of the 

ultimate product; the GM 

crop 

Nutritional Equivalence 

Composi-

tional anal-

ysis 

Depending 

on the type 

of crop in 

question, 

compositional analysis of a GM 

crop may include comparison of 

the compositional characteristics 

of whole grain, forage and/or 

processed fractions (e.g. oil, 

starch or protein isolates) to that 

of the non-GM counterpart 

(Codex 2003).  Compositional 

characteristics evaluated general-

ly include the following: proxi-

mates (carbohydrate, fat, protein, 

ash, and moisture), amino acids, 

fatty acids, minerals, fiber, vita-

mins, anti-nutrients, secondary 

metabolites and endogenous al-

lergens. Results of numerous 

such investigations demonstrated 

compositional equivalence of 

GM crops to their non-GM coun-

terparts (Ridley et al. 2002 J 

Agric Food Chem 50: 7235-43, 

George et al. 2004 J Agric Food 

Chem 52: 4149-58, Herman et al. 

2004  J Agric Food Chem 52: 

2726-34, Oberdoerfer et al. 2005 

J Agric Food Chem 53: 1457-65).  

Additionally, it has been shown 

that the degree of variation in the 

global gene expression or proteo-

mes was not higher in GM varie-

ties of soybeans and potato tu-

bers, respectively, in comparison 

to the variation among their non-

GM counterparts (Satu et al. 

2005 Plant Phys 138: 1690-99, 

Cheng et al. 2008 J Agric Food 

Chem 56: 3057-67). Although 

this type of work is not required 

by regulators to demonstrate 

safety, such experimental investi-

gations provide a perspective on 

natural variability of components 

of crops and that compositional 

features of GM crops can and do 

fall in the range of natural varia-

bility.        

Animal Feeding Studies 

 Most of the GM crops 

cultivated at a large scale have 

initially been corn and soybean. 

These crops are typically used as 

feed ingredients for livestock 

feed including chicken feed. 

Therefore, this aspect of regula-

tory expectations has evolved 

around their use in livestock feed.  

Broiler chickens grow fast. They 

are a sensitive indicator of any 

nutritional imbalance in their 

feed in a short period of time. 

They are put down for the market 

on post-natal day 42. Nutritional 

equivalence studies are conduct-

ed in chickens over 42 days 

which simulates life time expo-

sure.  In these studies, the GM 

crop in question is incorporated 

into the feed at an inclusion rate 

which would not cause nutrition-

al imbalances. Two main param-

eters are monitored; growth per-

formance and carcass yield. No 

significant differences in growth 

performance or carcass yields of 

chickens fed GM crops in com-

parison to that of those fed non-

GM crops has been recorded in-

dicating that GM crops commer-

cialized to date are nutritionally 

equivalent to their non-GM coun-

terparts.  

 

Evaluation of Potential Unin-

tended Effects 

 Introduction of an exoge-

nous gene into a genome can po-

tentially cause unintended effects 

due to insertional mutagenesis.  

An important gene can be dis-
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rupted causing loss of function or 

a gene that was silent prior to 

transgenesis can be activated 

leading to production of com-

pounds that are not typically pre-

sent in a given crop.  It is not 

possible to evaluate such poten-

tial unintended changes individu-

ally, as crops contain thousands 

of molecules some of which have 

not been characterized, yet.  

Hence, subchronic oral toxicity 

studies with edible portions of 

the GM crops are conducted in 

rats (an adapted version of 

OECD 408 thirteen-week oral 

toxicity study) to determine po-

tential unintended effects (OECD 

1998, FAO/WHO 2000).  As in 

the case of nutritional equiva-

lence studies conducted in broiler 

chickens, the GM crop of interest 

is incorporated into the rodent 

feed at a ratio which would not 

cause nutritional imbalances.  

Such studies have been conduct-

ed for many GM crop varieties 

commercialized to date.  No ad-

verse effects related to dietary 

exposure to GM crops have been 

noted in such dietary toxicity 

studies demonstrating that com-

mercially available GM crops are 

as safe as conventional non-GM 

counterparts (EFSA 2008).   

 

Concluding Remarks 

 GM crops have been cul-

tivated for close to 20 years now. 

During this time, there has not 

been any scientific evidence of 

allergic or toxic reactions to any 

GM crops. The paradigm estab-

lished for safety evaluation has 

been successful in showing that 

GM crops are as safe as the con-

ventionally produced crops. 

However, the current paradigm 

represents the best available sci-

ence. Some regulators recom-

mend use of computational tools 

for predicting allergenicity and 

toxicity. No validated computa-

tional tools are currently availa-

ble. As science progresses, ef-

forts should be made to develop 

such predictive tools to advance 

the safety paradigm. Such tools 

can, in the future, make the eval-

uation strategy more specific and 

may be able to allow use of less 

number of animals.  
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on food derived form biotechnol-

ogy. May 29-June 2, 1996, 

Rome, Italy.   

OECD 1993. Safety evaluation of 

foods derived from modern bio-

technology: concepts and princi-

ples. Paris. Organization for Eco-

nomic Co-operation and Devel-

opment (OECD).  

OECD 1995. Guidelines for the 

testing of chemicals No. 407, Re-

peated dose 28-day oral toxicity 

study in rodents. Paris, France.  

http://www.ask-force.org/web/OECD/OECD-Repeated-90day-on-Rodents-408-1998.pdf
http://www.ask-force.org/web/OECD/OECD-Repeated-90day-on-Rodents-408-1998.pdf
http://www.who.int/foodsafety/publications/biotech/en/ec_june2000_en.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Safety%20and%20nutritional%20assessment%20of%20GM%20plants%20and%20derived%20food%20and%20feed%3A%20the%20role%20of%20animal%20feeding%20trials
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OECD 1998. OECD Guidelines 

for testing of chemicals No. 408, 

Repeated dose 90-day oral toxici-

ty study in rodents. Paris, France.  

OECD 2002. Guidelines for the 

testing of chemicals No. 401, 

Acute oral toxicity. Paris, France.  

Redenbaugh, Keith, Bill Hiatt, 

Belinda Martineau, Matthew 

Kramer, Ray Sheehy, Rick Sand-

ers, Cathy Houck and Don Emlay 

(1992). Safety Assessment of Ge-

netically Engineered Fruits and 

Vegetables: A Case Study of the 

Flavr Savr Tomato. CRC Press. 

p. 288. 

WHO 1995. Application of the 

principle of substantial equiva-

lence to the safety evaluation of 

foods or food components de-

rived from plants derived by 

modern biotechnology. Report of 

a WHO Workshop. WHO, Gene-

va.   

 

Upcoming 2013 BTSS 

Awards 

Submit your nominations by De-

cember 1 to Robert House 

(rhouse2@csc.com) 

 Career Achievement in Bio-

technology Award 

 Outstanding Young Investi-

gator Award 

 Student Achievement Award 

 Best Paper Award 

 

For a comprehensive description 

visit http://www.toxicology.org/

isot/ss/btss/awards.asp 

Since 2003, the United 

States has spent over $70 bil-

lion on a variety of biode-

fense initiatives in an effort 

to combat potential bioterror-

ism and emerging infectious 

diseases.  This funding led to 

the development and con-

struction of many new high 

(BSL-3) and maximum (BSL-

4) containment laboratories 

across the country to create 

new therapeutics and vac-

cines for combating these 

newer pathogens.  However, 

the construction of these new 

facilities has also resulted in 

some backlash from the sur-

rounding communities and 

the public at large because of 

potential safety concerns and 

a lack of progress in develop-

ing vaccines and chemothera-

peutics.   Because of this, it 

is important for scientists and 

safety professionals to com-

municate some of the addi-

tional challenges to research-

ers working in a BSL-3 or 

BSL-4 laboratory. 

Traditionally, a product 

lead takes about 15-20 years and 

over $1 billion to gain FDA ap-

proval to reach the market using 

the current drug development 

timeline (Russell and Gronvall 

2012 Biosec Bioterror 10:66-76).   

Pharmaceutical companies must 

overcome numerous hurdles such 

as cost, drug toxicity, efficacy, 

formulation challenges, current 

Good Manufacturing Practices 

and the need to develop reliable 

animal models.  This results in a 

very low success rate for manu-

facturers even without the com-

plications of high containment 

laboratories.  Furthermore, each 

step of the drug development 

timeline becomes more expen-

sive and complex inside a BSL-3 

or BSL-4 facility.  These difficul-

ties can further delay develop-

ment and increase risk to investi-

gators.  In addition, because 

many of the diseases requiring 

BSL-3/4 containment represent a 

smaller, less lucrative market 

share, the primary users of these 

therapies would be government-

based agencies (Russell and 

Gronvall 2012 Biosec Bioterror 

10:66-76).  This makes it less 

likely for major pharmaceutical 

companies to partner with devel-

opers to help get their product to 

the market. 

 Increases in production 

costs and delays for scientists in 

BSL-3 or BSL-4 begin during the 

discovery stage of drug develop-

ment.  If investigators are inter-

ested in developing a product to 

treat a pathogen requiring BSL-3 

or BSL-4 containment, they can 

choose to upgrade a current la-

T h e  Ch a l l e ng es  o f  Dev e l o p i ng  

Ch e mo t h e r ap e ut i cs  Us ed  t o  Cou n t e r  

B io log ic a l  Ag e nt s  t ha t  Re q ui re  B io sa f e t y  

L e ve l  ( BS L )  3  or  4  La bo ra to r i es  

By  Dav id  Harbour t ,  ProSource  Consu l t i ng  LLC  

mailto:rhouse2@csc.com
http://www.toxicology.org/isot/ss/btss/awards.asp
http://www.toxicology.org/isot/ss/btss/awards.asp
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/22455680
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boratory, lease laboratory space 

from an outside facility or have a 

new facility built to accommo-

date the research.  If a new BSL-

3 or BSL-4 facility is built, it of-

ten encounters construction de-

lays and cost overruns due to a 

variety of reasons, from changes 

in research approach to errors in 

the design process. Table 1 

shows the estimated costs and 

times for construction and com-

missioning.  It is important to 

note that estimates/ft2 are for the 

entire facility including mechani-

cal and support spaces.      

 Often, the “as built facili-

ty” does not function properly 

due to limitations in the HVAC, 

plumbing or waste treatment sys-

tems.  Facility managers are then 

forced to decide between addi-

tional construction expenses and 

delays needed to solve the prob-

lems or, if possible, accept cer-

tain limitations of their new facil-

ity.  Even after these issues, the 

facilities are then subject to ap-

provals and inspections of out-

side agencies such as the CDC 

and USDA if investigators intend 

on working with Select Agents. 

These delays can hold research 

back for years or cancel develop-

ment projects altogether. 

During facility construc-

tion, commissioning and inspec-

tion, it is important that the nec-

essary staff and specialized 

equipment be in place well in ad-

vance of active BSL-3 or BSL-4 

research. As an example, accord-

ing to the Biosafety in Microbio-

logical and Biomedical Labora-

tories 5th Edition (BMBL), the 

primary guidance document for 

biosafety in the US, “Equipment 

that may produce infectious aero-

sols must be contained in primary 

barrier devices…” when used 

within a BSL-3 or BSL-4 labora-

tory.  This necessitates that in-

struments such as high through-

put screening devices performing 

compound testing on organisms 

requiring high containment be 

placed within a custom-made bi-

osafety cabinet to minimize aero-

sol production.   Scientists and 

support staff working at a BSL-3 

or BSL-4 facility must go 

through a thorough background 

screening and psychological test-

ing along with medical screening 

by their Occupational Medical 

Service prior to being granted 

access to the facility (Skvorc and 

Wilson 2011 Biosec Bioterror 

9:23-29).  In addition to the 

background checks, personnel 

must also be trained and demon-

strate proficiency in proper mi-

crobiological lab practices begin-

ning at BSL-1 up to BSL-4, if 

necessary.   Due to the time-

intensive tasks mentioned above, 

personnel may be waiting as long 

as 18 months for BSL-3 or BSL-

4 access.  This process can make 

it very difficult for universities or 

other small companies since their 

entire research staff could turno-

ver before gaining approval for 

BSL-3 or BSL-4 research. 

In addition to the compli-

cations involved with high con-

tainment facility construction, 

operations and maintenance, the 

working environment within a 

BSL-3 or BSL-4 lab affects 

worker efficiency.  Depending on 

the personal protective equip-

ment requirements (PPE) of a 

BSL-3 lab based on the risk as-

sessment, it can take up to 30-45 

minutes for scientists to dress-in 

and -out of the laboratory.   This 

requires scientists to dedicate 

more time to planning experi-

ments along with being more 

stringent on supplies to minimize 

the number of entries during the 

day.  Furthermore, scientists 

working with Select Agents, 

which are classified according to 

their potential threat to public 

health by the CDC and USDA, 

Table 1.  Estimated Construction Costs for Biomedical La-Table 1.  Estimated Construction Costs for Biomedical La-

boratories in the USboratories in the US  

Type BSL-2 BSL-3 BSL-4 

Suit 

Construction cost per ft2 $350-385a $400-650b $700-1000c 

Estimated time for construc-

tion and commissioning 

1-3 years 2-5 years 3-10 years 

a. Estimated costs based on a 2004 cost analysis of new facilities (http://
www.alnmag.com/article/facility-construction) 

b. Estimated costs based on figures from National Institutes of Health 

c. Estimated costs based on figures from National Institutes of Health 

http://www.selectagents.gov
http://www.cdc.gov/biosafety/publications/bmbl5/bmbl.pdf
http://www.cdc.gov/biosafety/publications/bmbl5/bmbl.pdf
http://www.cdc.gov/biosafety/publications/bmbl5/bmbl.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21361798
http://www.ncbi.nlm.nih.gov/pubmed/21361798
http://www.ncbi.nlm.nih.gov/pubmed/21361798
http://www.alnmag.com/article/facility-construction
http://www.alnmag.com/article/facility-construction
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are constantly monitored through 

closed-circuit television cameras 

in the laboratory, increasing the 

stress level of everyone involved.  

This increased stress is even 

more evident in the event of an 

accident or spill.  These incidents 

could not only lead to a potential-

ly lethal infection for the investi-

gator but could also result in 

more rigid inspections from out-

side agencies along with the po-

tential suspension of research at 

the facility during any subsequent 

investigation.    

While the dress-in and -

out times generally are similar to 

most BSL-3 laboratories that re-

quire a complete clothing change 

and personal shower, a BSL-4 

laboratory presents scientists 

with its own unique challenges.  

The isolated environment within 

a positive pressure suit used in a 

BSL-4 suit laboratory adds stress, 

oxygen deprivation, fatigue and 

dehydration along with decreased 

mobility and manual dexterity to 

an already difficult setting.  Here, 

even relatively simple tasks such 

as setting up a biological safety 

cabinet for experiments, take 

more than twice as long as they 

would in a basic research labora-

tory because of these working 

conditions.  While researchers 

receive extensive training and 

testing prior to entry into a hot 

BSL-4 laboratory, staff turnover 

is frequent due to difficult work-

ing conditions, hazards of the bi-

ological agents and experiments, 

as well as intense public scrutiny 

of these facilities.  As a result, 

the average tenure for a BSL-4 

technician or scientist is general-

ly between four to six years mak-

ing it difficult for them to com-

plete proposed projects, further 

affecting the efficiency of the 

facility (Dias et. al 2010 PNAS 

107:9556-9561). 

 Cost increases and com-

plications continue once preclini-

cal testing begins.  The difficul-

ties of operating a vivarium from 

a safety and security standpoint 

are even greater in a high con-

tainment setting than in tradition-

al laboratories.  The overall inju-

ry rates are higher in vivariums 

than traditional laboratories and 

any unintended exposure could 

have devastating consequences 

for both the investigator and the 

facility (Epp and Waldner 2012 

Can Vet J. 2012 53:144-50).  To 

help decrease risk inside the vi-

varium, investigators may em-

ploy additional PPE in a BSL-3 

lab such as respirators, full body 

Tyvek coveralls or puncture-

resistant gloves 

(www.cdc.gov/biosafety/publicat

ions/bmbl5/).  A number of man-

ufacturers have also developed 

products such as specialized bi-

osafety cabinets for animal cage 

transfers, harnesses for animals 

during injections, luer lock sy-

ringes, and ventilated cage sys-

tems.  These products along with 

potential modifications inside the 

facility, including HEPA filtered 

exhaust air, a wastewater treat-

ment system for inactivating mi-

croorganisms or a shower out 

area for facility personnel, further 

enhance the safety of the vivari-

um.  However, with these safety 

features come 

further added 

cost and time 

delays to ex-

periments. 

In spite of 

these obsta-

cles, there 

have been a number of recent 

successes in the field of biode-

fense.  Through the Project Bi-

oShield Act of 2004, the US gov-

ernment is now able to purchase 

medical countermeasures 

(MCMs) from developers that 

previously lacked a clear path to 

FDA licensing (Russell and 

Gronvall 2012 Biosec Bioterror 

10:66-76).  As testaments to their 

dedication and ability, investiga-

tors have developed a new vac-

cine for smallpox with enough 

doses for everyone in the United 

States along with the small mole-

cule antiviral, ST-246, for those 

who have contraindications to the 

vaccine (Russell and Gronvall 

2012 Biosec Bioterror 10:66-76).  

Also undergoing clinical trials 

are a new anthrax vaccine (rPA) 

and antitoxins for Botulinum 

neurotoxin and ricin.  Finally, 

after more than thirty years of 

frustration, researchers have de-

veloped two new treatments for 

the Ebola virus that have shown 

complete protection in nonhuman 

primate models (Geisbert et al. 

2010 Lancet 375:1896-1905; 

Sullivan et. al 2011 Nat Med 

17:1128-1131).  

It is imperative that bio-

defense research programs con-

tinue within the United States 

http://www.ncbi.nlm.nih.gov/pubmed/20457912
http://www.ncbi.nlm.nih.gov/pubmed/20457912
http://www.ncbi.nlm.nih.gov/pubmed/22851775
http://www.ncbi.nlm.nih.gov/pubmed/22851775
http://www.cdc.gov/biosafety/publications/bmbl5/bmbl.pdf
http://www.cdc.gov/biosafety/publications/bmbl5/bmbl.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/22455680
http://www.ncbi.nlm.nih.gov/pubmed/20511019
http://www.ncbi.nlm.nih.gov/pubmed/20511019
http://www.ncbi.nlm.nih.gov/pubmed/21857654
http://www.ncbi.nlm.nih.gov/pubmed/21857654
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because many emerging infec-

tious diseases either lack reliable 

treatments or require new ones.  

The costs and challenges to to-

day’s product developers are sig-

nificant and are further exacer-

bated in a high containment lab 

setting.  Scientists and support 

staff can help to improve these 

conditions by developing risk 

assessments to ensure balance 

between engineering controls, lab 

practices and PPE to minimize 

potential exposures.  It is also 

important for scientists, safety 

and support staff to engage the 

public to demonstrate that not 

only is biodefense research vital 

to the United States, but also that 

it can be done safely and effec-

tively.  

 

S e l e c t  Co n fe r -

e n c e s  2 0 1 2 - 2 01 3  

September, 2012 

2012 PANWAT Annual Meeting 

– Recent Advances in Risk As-

sessment: From Hazard Identifi-

cation to Risk Communication 

September 20-22nd 

Seattle, WA 

www.toxicology.org/isot/rc/

panwat/annmeets.asp 

 

NIEHS - Low Dose Effects and 

Non-Monotonic Dose Responses 

for Endocrine Active Chemicals: 

Science to Practice 

September 11-13th 

Berlin, Germany 

http://tools.niehs.nih.gov/confere

nce/dert_endocrine_2012/index.c

fm 

 
The New York Academy of Sci-

ences - Autophagy as a Therapeu-

tic Target in Multiple Diseases: 

From Molecular Mechanisms to 

Drug Discovery 

September 25th 

New York, NY 

http://www.nyas.org/Events/Deta

il.aspx?cid=b2bfa78d-6555-

4d22-80b1-46b326ad632e 

 

October, 2012 

Discovery on Target 2012  

October 1-3rd 

Boston, MA 

http://www.discoveryontarget.co

m/ 

 
National Academy of Sciences - 

Exploring Human Genomic Plas-

ticity and Environmental Stressors: 

Emerging Evidence on Telomeres, 

Copy Number Variation, and 

Transposons 

October 4-5th  

Washington, DC 

nas-

sites.org/emergingscience/works

hops/genomic-plasticity/ 

 

NC3Rs – Conditional Transgenic 

Technologies: Principles and 

Best Practices 

October 4th 

London, United Kingdom 

2012 NC3Rs/BPS/PhysSoc Sym-

posium – Models of experimental 

pain: opportunities and challeng-

es 

 

4th Annual Immunogenicity Sum-

mit - Immunogenicity Assess-

ment and Clinical Relevance 

October 10-11th 

Bethesda, MD 

http://www.healthtech.com/Immu

nogenicity-Assessment-Clinical-

Relevance/ 

 

New York Stem Cell Foundation 

Seventh Annual Translational 

Stem Cell Research Conference 

October 10-11th 

New York, NY 

http://nyscf.org/events/annual-

conference 

 
2012 NC3Rs/BPS/Phys Soc Sym-

posium – Models of  Experimental 

Pain: Opportunities and Challeng-

es 

October 11th 

London, United Kingdom 

2012 NC3Rs/BPS/PhysSoc Sym-

posium – Models of experimental 

pain: opportunities and challeng-

es 

 

American Association of Phar-

maceutical Scientists 

October 14-18th 

Chicago, IL 

http://www.aaps.org/ 

 

ISSX 18th North American Re-

gional Meeting - International 

Society for the Study of Xenobi-

otics 

October 14-18th 

Dallas, TX 

http://www.issx.org/events/event

_details.asp?id=221403 

 

Toxicology for Excellence in 

Risk Assessment - Dose-

Response Assessment BootCamp 

October 15-19th  

Washington, DC 

www.tera.org/Global/Bootcamp/i

ndex.html 
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http://www.toxicology.org/isot/rc/panwat/annmeets.asp
http://tools.niehs.nih.gov/conference/dert_endocrine_2012/index.cfm
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http://www.nyas.org/Events/Detail.aspx?cid=b2bfa78d-6555-4d22-80b1-46b326ad632e
http://www.nyas.org/Events/Detail.aspx?cid=b2bfa78d-6555-4d22-80b1-46b326ad632e
http://www.nyas.org/Events/Detail.aspx?cid=b2bfa78d-6555-4d22-80b1-46b326ad632e
http://www.discoveryontarget.com/
http://www.discoveryontarget.com/
http://nas-sites.org/emergingscience/workshops/genomic-plasticity/
http://nas-sites.org/emergingscience/workshops/genomic-plasticity/
http://nas-sites.org/emergingscience/workshops/genomic-plasticity/
http://www.nc3rs.org.uk/event.asp?id=1809
http://www.nc3rs.org.uk/event.asp?id=1809
http://www.nc3rs.org.uk/event.asp?id=1809
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55th American Biological Safety 

Association Conference 

October 19-24th 

Orlando, FL 

www.absaconference.org 

 

33th European Meeting of The 

Toxicology Forum 

October 23-25th 

Brussels, Belgium 

http://toxforum.org/upcoming/33

rd-european-meeting-toxicology-

forum 

 

2012 Genetic Toxicology Associ-

ation (GTA) Meeting – Biologi-

cal Relevance and Health Con-

cerns of Genotoxicity 

October 24-25th  

Newark, DE 

http://www.gta-

us.org/scimtgs/2012Meeting/inde

x.html 

 

The New York Academy of Sci-

ences - Sixth Annual Parkinson's 

Disease Therapeutics Conference 

October 24th  

New York, NY 

http://www.nyas.org/Events/Deta

il.aspx?cid=e3c90241-3d4b-

4312-8e57-9940ca9e04da 

 

7th Annual Peptide Therapeutics 

Symposium 

October 25-26th 

La Jolla, CA 

http://www.peptidetherapeutics.o

rg/peptide-therapeutics-

foundation.html 

 

November, 2012 

The New York Academy of Sci-

ences - Stem Cells, Small Mole-

cules and Therapeutics 

November 14th  

New York, NY  

http://www.nyas.org/Events/Deta

il.aspx?cid=fa6d9d7d-d544-

46b1-a730-af26394cab74 

 

BIO-Europe 2012 

November 12-14th 

Hamburg, Germany 

http://www.ebdgroup.com/bioeur

ope/index.php 

 

ACT 33nd Annual Meeting 

November 4-7th  

Orlando, FL 

http://www.actox.org/AnnualMee

ting/ACTAnnualMeetingDates/ta

bid/5185/Default.aspx 

 

December, 2012 

2nd Annual BioSafe Europe 

Meeting 

December 3-4th  

Basel, Switzerland 

http://www.bio.org/events/confer

ences/biosafe-meetings 

 

2012 World Stem Cell Summit 

December 3-5th  

West Palm Beach, FL 

www.worldstemcellsummit.com 

 

January, 2013 

Biotech Showcase 

Jan 7-9th  

San Francisco, CA 

http://www.ebdgroup.com/bts/ind

ex.php 

 

CHI’s Peptalk 

January 21-25th, 2013 

Palm Springs, CA 

http://www.chi-peptalk.com/ 

 

2013 National Alliance of Inde-

pendent Crop Consultants 

(NAICC) Annual Meeting 

January 23-26th, 2013 

Jacksonville, FL 

http://www.naicc.org/ 

 

38th Annual Winter Meeting of 

The Toxicology Forum  

January 29st -31st 

Washington, DC  

http://toxforum.org/upcoming/38t

h-annual-winter-meeting-

toxicology-forum 

 

Global Technology Community 

(GTC) - 2nd Novel Immunother-

apeutics Summit 

January 30- February 1st 

San Diego, CA 

http://www.gtcbio.com/compone

nt/conference/?file=home&cn=2n

d+Novel+Immunotherapeutics+S

ummit&cid=55  

 

Global Technology Community 

(GTC) - 11th Cytokine and In-

flammation 

January 30- February 1st 

San Diego, CA 

http://www.gtcbio.com/compone

nt/conference/?file=home&cn=11

th+Cytokines+and+Inflammation

&cid=51 

 

February, 2013 

Gordon Research Conference - 

Nanomaterials for Applications 

in Energy Technology 

February 3-8th 

Ventura, CA 

http://www.grc.org/programs.asp

x?year=2013&program=nanomat 

 

Molecular Med Tri-Con 

February 11-15th 

https://fhshc.csu.mcmaster.ca/owa/redir.aspx?C=60391384c1a5438caea28eb7747b9868&URL=http%3a%2f%2fwww.absaconference.org%2f
http://toxforum.org/upcoming/34th-european-meeting-toxicology-forum
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San Francisco, CA 

http://www.triconference.com/ 

 

New Jersey Association for Bio-

medical Research - 3Rs Sharing 

Conference II 

February 27th 

Somerset, NJ 

http://njabr.com/events/current-

events/3rs-sharing-conference-ii/ 

 

March, 2013 

International Symposium on Oc-

ular Pharmacology and Thera-

peutics 

March 7-10th 

Paris, France 

http://www.isopt.net/ 

 

Gordon Research Conference - 

Cell Biology of Megakaryocytes 

& Platelets 

March 9-10th 

Galveston, TX 

http://www.grc.org/programs.asp

x?year=2013&program=grs_meg

ak 

 

SOT 52nd Annual Meeting 

March 10–14th 

San Antonio, TX 

http://www.toxicology.org/AI/M

EET/AM2013/ 

 

April, 2013 

American Association for Cancer 

Research (AACR) 2013 Annual 

Meeting  

April 6-10th, 2013 

Washington, DC 

http://www.aacr.org/ 

 

3rd Cancer Immunotherapy and 

Immunomonitoring (CITIM 

2013) 

April 22-25th 

Krakow, Poland 

http://www.gtcbio.com/compone

nt/conference/?file=home&cn=3r

d+Cancer+Immunotherapy+and+

Immunomonitor-

ing+%28CITIM+2013%29&cid=

95 

 

2013 BIO International Conven-

tion  

April 22-25th 

Chicago, IL 

http://convention.bio.org/ 

 

8th Annual PEGS Summit 

April 29th – May 3rd  

Boston, MA 

http://www.pegsummit.com/ 

 

Food Safety Summit 

April 30th-May 2nd  

Baltimore, MD 

http://www.foodsafetysummit.co

m/ 

 

May, 2013 

American Association of Immu-

nologists (AAI) Annual Meeting 

May 3-7th, 2013 

Honolulu, HI 

www.aai.org 

 

Association for Research in Vi-

sion and Opthalmology 

May 5-9th, 2013 

Seattle, WA 

www.arvo.org 

 

June, 2013 

Gordon Research Conference - 

Cellular and Molecular Mecha-

nisms of Toxicity 

June 10-16th 

Andover, NH 

http://www.grc.org/meetings.asp

x?year=2013 

 

STP 32nd Annual Meeting: Toxi-

cologic Pathology of the Diges-

tive Tract and Pancreas 

June 16-20th, 2013 

Portland, OR 

www.toxpath.org/AM2013/ 

 

DIA 2013 49th Annual Meeting: 

Advancing Therapeutic Innova-

tion and Regulatory Science  

June 23-27th 

Boston, MA 

http://www.diahome.org/en/Meet

ings-and-Training/Find-

Meetings-and-Training/Meeting-

De-

tails.aspx?ProductID=30075&Ev

entType=Annual%20Meeting 

 

BIO World Congress on Industri-

al Biotechnology & Biopro-

cessing 

June 16-19th 

Montreal, Canada 

bio.org/worldcongress 

 

July, 2013 

Vaccines 2013; 3rd International 

Conference on Vaccines & Vac-

cination 

July 29-31, 2013 

Las Vegas, NV 

http://omicsgroup.com/conferenc

es/vaccines-vaccination-

2013/index.php 

 

August, 2013 

48th Congress of the European 

Societies of Toxicology 

September 1-4th 

Interlaken, Switzerland 

http://www.eurotox2013.com/ 

http://www.triconference.com/
http://njabr.com/events/current-events/3rs-sharing-conference-ii/
http://njabr.com/events/current-events/3rs-sharing-conference-ii/
http://www.isopt.net/
http://www.grc.org/programs.aspx?year=2013&program=grs_megak
http://www.grc.org/programs.aspx?year=2013&program=grs_megak
http://www.grc.org/programs.aspx?year=2013&program=grs_megak
http://www.toxicology.org/AI/MEET/AM2013/
http://www.toxicology.org/AI/MEET/AM2013/
http://www.aacr.org/
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://www.gtcbio.com/component/conference/?file=home&cn=3rd+Cancer+Immunotherapy+and+Immunomonitoring+%28CITIM+2013%29&cid=95
http://convention.bio.org/
http://www.pegsummit.com/
http://www.foodsafetysummit.com/
http://www.foodsafetysummit.com/
http://www.aai.org
http://www.arvo.org
http://www.grc.org/meetings.aspx?year=2013
http://www.grc.org/meetings.aspx?year=2013
http://www.toxpath.org/AM2013/
http://www.diahome.org/en/Meetings-and-Training/Find-Meetings-and-Training/Meeting-Details.aspx?ProductID=30075&EventType=Annual%20Meeting
http://www.diahome.org/en/Meetings-and-Training/Find-Meetings-and-Training/Meeting-Details.aspx?ProductID=30075&EventType=Annual%20Meeting
http://www.diahome.org/en/Meetings-and-Training/Find-Meetings-and-Training/Meeting-Details.aspx?ProductID=30075&EventType=Annual%20Meeting
http://www.diahome.org/en/Meetings-and-Training/Find-Meetings-and-Training/Meeting-Details.aspx?ProductID=30075&EventType=Annual%20Meeting
http://www.diahome.org/en/Meetings-and-Training/Find-Meetings-and-Training/Meeting-Details.aspx?ProductID=30075&EventType=Annual%20Meeting
http://www.diahome.org/en/Meetings-and-Training/Find-Meetings-and-Training/Meeting-Details.aspx?ProductID=30075&EventType=Annual%20Meeting
http://bio.org/worldcongress
http://omicsgroup.com/conferences/vaccines-vaccination-2013/index.php
http://omicsgroup.com/conferences/vaccines-vaccination-2013/index.php
http://omicsgroup.com/conferences/vaccines-vaccination-2013/index.php
http://www.eurotox2013.com/

