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P R A C T I C E  R E P O R T S

Effect of two work practice changes on the microbial 
contamination rates of pharmacy-compounded 

sterile preparations
LAWRENCE A. TRISSEL, JOSEPH A. GENTEMPO, LISA M. SAENZ,  

MONICA Y. WOODARD, AND CAROL H. ANGELES

Purpose. Using a multiple-step testing 
medium-risk-level compounding test pro-
cedure, the evaluation of two work-practice 
changes to determine if the changes could 
effectively reduce the potential for con-
tamination occurrence was conducted.
Summary. Along with training and evalu-
ation of aseptic sterile compounding 
techniques, each individual pharmacist 
and pharmacy technician at M. D. Anderson 
Cancer Center must successfully demon-
strate aseptic preparation competency an-
nually by performing the complicated mul-
tistep aseptic transfers of growth medium 
with no resulting growth of microorgan-
isms. The multistep aseptic transfers are de-
signed to simulate manual compounding 
of the most complicated medium-risk-level 
preparations anticipated as specified in the 
United States Pharmacopeia‘s chapter 797. 
An evaluation of two modest and simple 
work-practice changes was conducted: The 
use of bare hands and nonsterile gloves 
with only initial disinfection with 70% 
isopropyl alcohol (IPA) during years 1 and 

2 (group A) was compared with the use of 
nonsterile chemotherapy gloves with initial 
and repeated disinfection with IPA for year 
3 (group B) and the use of sterile gloves 
with initial and repeated disinfection 
with IPA for year 4 (group C). The process 
involved multiple discrete manipulations, 
including reconstitution of dry-growth 
medium; transfers of growth medium from 
vials and ampules using syringes, needles, 
a dispensing pin, and a filter straw; and 
transfers to an empty plastic i.v. bag. For 
groups B and C, significant reductions in 
contaminated samples were found com-
pared with group A.
Conclusion. The use of protective chemo-
therapy gloves that were repeatedly disin-
fected with IPA decreased the contamina-
tion rate of pharmacy-compounded sterile 
preparations.

Index terms: Alcohols, isopropyl; Com-
pounding; Contamination; Disinfectants; 
Gloves; Pharmacy; Sterile products
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The adoption of United States 
Pharmacopeia (USP) chapter 797, 
Pharmaceutical Compounding— 

Sterile Preparations,1 set a new na-
tional standard for quality assurance 
measures in compounding sterile 
preparations. The new USP stan-
dard came in the wake of a series 
of injuries and deaths around the 
United States from contaminated 
doses.2-4 Consequently, pharmacies 
in hospitals and in other settings 
and regulatory bodies are reapprais-
ing the quality of sterile compound-
ing efforts. 

Many home care pharmacies were 
originally established and built with 
quality assurance measures that met 
or exceeded the current USP stan-
dards, even before those standards 
existed. These high-quality aseptic 
compounding operations led the 
way, proving that a higher level of 
quality assurance was technically fea-
sible and financially achievable. The 
higher level practices of these phar-
macies led to USP chapter 1206, Ster-
ile Products for Home Use,5 and the 

ASHP Guidelines on Quality Assur-
ance for Pharmacy-Prepared Sterile 
Products,6 which provided guidance 

for quality assurance and quality as-
sessment that were intended to rep-
resent an acceptable quality standard 
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and a level of aseptic compounding 
care that patients have a right to 
expect from those who prepare their 
sterile medications. 

Much of the effort and angst of 
pharmacists who have undertaken 
improvement of their quality assur-
ance process tend to be focused on 
environmental engineering controls, 
such as cleanrooms, laminar-airfl ow 
workbenches, and compounding 
aseptic isolators. Perhaps this is be-
cause the environmental controls are 
technically challenging and involve 
expense. However, there also appears 
to be an unwarranted tendency to 
act as if any medication prepared in 
one of these devices is automatically 
sterile without regard to other fac-
tors. This has been termed the “magic 
box” fallacy. Unfortunately, these 
clean-air, controlled environmental 
devices are not magic boxes, and oth-
er concerns can negate any benefi cial 
effect from the engineering controls. 
Indeed, an overconcern with facilities 
and engineering controls may prove 
to be a distraction from the most 
important and potentially least ex-
pensive actions that pharmacists can 
take: the improvement of human 
work practices in the preparation of 
sterile dosage forms. 

Previously, we have reported the 
results of using media-fi ll simulations 
to evaluate the potential low- and 
medium-risk-level contamination 
rates in our institution.7,8 In the eval-
uation of low-risk-level compound-
ing,7 relatively little potential for 
contamination was observed, which 
is consistent with other studies.9,10 
However, the medium-risk-level 
simulation resulted in an astonishing 
5.2% contamination rate among 539 
individual evaluations, which the au-
thors viewed as wholly unacceptable.8 
This contamination rate occurred 
even though the media-fill com-
pounding simulation was performed 
in an International Organization for 
Standardization (ISO) class 5 (class 
100) clean-air environment with a 
proper aseptic technique. 

For the media-fill evaluations of 
aseptic technique at M. D. Anderson 
Cancer Center, each individual re-
ceived training and coaching in 
proper hand washing and sanitiz-
ing, proper gowning and gloving, 
and proper aseptic manipulations. 
Even so, we believe that the prin-
cipal source of this contamination 
resulted from inadvertent and un-
recognized touch contamination 
during the preparation procedure. 
Our practice during this two-year 
period of routinely compound-
ing using bare hands or nonsterile, 
chemotherapy-protective gloves 
along with unavoidable human error 
in sample manipulations appeared to 
be contributing to this unacceptably 
high contamination rate.

Therefore, using the same compli-
cated multiple-step testing medium-
risk-level compounding procedure 
that was used previously for the asep-
tic technique evaluations,8 we under-
took further evaluations of two mod-
est and simple work-practice changes 
to determine if these simple changes 
could effectively reduce the potential 
for contamination occurrence. 

Methods
The division of pharmacy at this 

institution provides sterile com-
pounding training to employees, 
including a 20-hour didactic training 
course to all pharmacists and a 40-
hour didactic course to technicians 
who may be involved with sterile 
preparation. In addition to the di-
dactic course, a practical evaluation 
is performed on all individuals that 
involves a complicated multistep se-
ries of aseptic transfers so that each 
individual demonstrates adequate 
competency in aseptic technique. 
The didactic training and practical 
evaluation must be completed suc-
cessfully before any individual can 
initiate actual sterile preparation for 
patient administration. 

In addition to the initial train-
ing and evaluation, each individual 
pharmacist and pharmacy technician 

must successfully demonstrate asep-
tic preparation competency annu-
ally by performing the complicated 
multistep aseptic transfers of growth 
medium with no resulting growth 
of microorganisms. The multistep 
aseptic transfers are designed to sim-
ulate manual compounding of the 
most complicated medium-risk-level 
preparations anticipated as specifi ed 
in USP’s chapter 797.11 

The use of bare hands and non-
sterile gloves with only initial disin-
fection with 70% isopropyl alcohol 
(IPA) during years 1 and 2 (group 
A)8 was compared with the use of 
nonsterile chemotherapy glovesa

with initial and repeated disinfection 
with IPA for year 3 (group B) and 
the use of sterile glovesb with initial 
and repeated disinfection with IPA 
for year 4 (group C). Except for these 
changes, all other aspects of the asep-
tic technique evaluations remained 
the same as for group A,8 including 
the nonsterile chemotherapy protec-
tive gloves.a Many of the individuals 
being tested during this four-year pe-
riod had extensive experience in ster-
ile preparation and had participated 
in the testing for a number of years, al-
though many others had more limited 
experience. The results of evaluation 
groups B and C were then compared 
with the previously obtained results 
of the evaluations in group A.

Before beginning the test, each 
individual removed all fi nger, hand, 
and wrist jewelry and watches; 
donned shoe coversc and hair coversc; 
thoroughly cleaned their hands, nail 
areas, and arms with antimicro-
bial detergent and water; and donned 
gowns.d During years 1 and 2 (group 
A), the gloves that were used were 
latex free, powder free, nonsterile, 
and chemotherapy protective.a These 
gloves were not disinfected during the 
multistep test procedure. During year 
3 testing (group B), the same latex-
free, powder-free, nonsterile chemo-
therapy protective glovesa were used 
but were disinfected frequently and 
repeatedly by wiping the gloves, espe-
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cially the fingertips, with sterile pads 
saturated with IPA before the start of 
the test and after every manipulative 
step in the multiple-step procedure. 
The gloves were considered to be and 
were handled as nonsterile contain-
ment devices to prevent contamina-
tion from the shedding of skin or-
ganisms in the critical compounding 
area and to provide protection to 
the compounding personnel from 
exposure to chemotherapy drugs. 
Individuals were reminded and en-
couraged to avoid touch contamina-
tion throughout all of the testing. 
During year 4 testing (group C), the 
effect of using latex-free, powder-
free, sterile, chemoprotective glovesb 
with frequent and repeated IPA 
disinfection was evaluated. Sterile 
gloves do not remain sterile during 
the compounding process because of 
the necessity of touching nonsterile 
items and surfaces. Consequently, the 
gloves, especially the fingertips, were 
disinfected after every manipulative 
step in the multiple-step procedure 
in which anything that was nonsterile 
was touched. 

No facemasks were used because 
the vertical laminar-airflow bio-
logical safety cabinetse were equipped 
with transparent face shields. The 
biological safety cabinets had all been 
certified to meet ISO class 5 air quali-
ty on a routine twice-yearly schedule. 
The biological safety cabinets, which 
had the blowers running for at least 
60 minutes before testing began, were 
located in a cleanroom or in a phar-
macy satellite area separated from 
the general environment; they were 
cleaned thoroughly on all surfaces 
with IPA before each evaluation. In 
addition, as for the previous testing 
in years 1 and 2, the exteriors of all 
nonsterile materials entering the ISO 
5 compounding environment, such 
as media vials, were disinfected with 
IPA before the start of compounding 
manipulations.

The sterile growth medium and 
process used were the Valiteq Aseptic 
Technique Validation System.f The 

process involved multiple discrete 
manipulations, including reconstitu-
tion of dry-growth medium; trans-
fers of growth medium from vials 
and ampules using syringes, needles, 
a dispensing pin, and a filter straw; 
and transfers to an empty plastic i.v. 
bag (appendix). Each of these ma-
nipulations is routinely required of 
the aseptic compounding personnel. 
All of the materials and devices were 
sterile when purchased. Each indi-
vidual who is tested must perform 
all of the steps without contaminat-
ing the sterile growth medium. An 
instructor or coach is present to 
remind the individual of the steps 
to be performed, to advise on issues 
of proper technique, and to evaluate 
the appropriateness of the technique 
that the individual then uses. The 
complicated nature of the evalu-
ation steps were used to simulate 
USP chapter 797 medium-risk-level 
compounding and is the same as the 
procedure used in evaluations in pre-
vious years. 

The final product to test was 100 
mL of growth medium packaged in 
a plastic bag. The bags were stored 
according to the growth medium 
manufacturer’s recommendation 
with incubation at 25–35 °C over 
14 days and observed for growth of 
organisms. When growth occurs, the 
growth medium appears cloudy or 
turbid or has discrete colonies and 
shows sedimentation. Successful 
completion of the test is defined as the 
growth medium in the plastic bag re-
maining a uniform, clear, light-amber 
solution. If growth does occur, the in-
dividual must repeat the aseptic tech-
nique testing until a satisfactory result 
of no observed growth is achieved.

The chi-square test12,13 was used to 
compare possible differences in con-
tamination rates between years 1 and 
2 (group A) and years 3 (group B) and 
4 (group C). If the null hypothesis was 
rejected, the Bonferroni correction14 
was used to determine significant 
differences, defined as p < 0.05.12,15  
Fisher’s exact test12,13 was used to 

compare the results of groups B and C 
for the use of sterile versus nonsterile 
gloves with frequent IPA disinfection.

Results 
For groups B and C, significant 

reductions in contaminated samples 
were found compared with group 
A, which exhibited 28 contamina-
tions out of 539 individual tests (p 
= 0.000018). Compared with group 
A, using nonsterile chemotherapy 
gloves with repeated IPA disinfec-
tion (group B) resulted in 3 positive 
growth samples among 311 indi-
vidual aseptic technique tests for a 
contamination rate of 0.96% (p = 
0.0029). When sterile chemotherapy 
gloves were used along with repeated 
disinfecting with IPA (group C), the 
contamination rate was lower still 
with only 1 positive growth sample 
among 296 individual aseptic tech-
nique tests for a contamination rate 
of 0.34% (p = 0.0005). These reduced 
contamination rates can be con-
trasted to group A for years 1 and 2 
and its unacceptable 5.2% rate. The 
apparent difference between groups 
B and C was not statistically signifi-
cant (p = 0.3367), possibly because 
of the low number of contaminated 
samples. Even so, this result suggests 
that a contamination below 1% can 
be achieved if initially sterile protec-
tive gloves are used.

Group A testing also revealed that 
pharmacists and technicians who 
worked directly and regularly in ster-
ile preparation had the worst record, 
exhibiting a contamination rate of 
about 6.3%; pharmacists who did 
not work regularly in sterile prepara-
tion exhibited a lower rate of con-
tamination of 3.9%.8 This may have 
resulted from familiarity of those 
individuals with aseptic compound-
ing leading to less rigorous aseptic 
practices.8 In the testing of groups B 
and C, all four contaminated samples 
among 607 total tests were prepared 
by pharmacists who work directly 
and regularly in sterile preparation, 
further supporting that speculation. 
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Discussion
There is no doubt that these oc-

currences of microbial contamina-
tion are a failure of one or more 
elements of contamination control. 
Perhaps it was an inadvertent error in 
aseptic technique or an unavoidable 
and unrecognized transfer of micro-
organisms with no aseptic technique 
error involved. In either case, the 
most likely source of the contaminat-
ed samples is touch contamination. 
However, the authors recognize that 
contaminated samples can also result 
from airborne sources.4 

The pharmacy’s sterile com-
pounding process relies on human 
manipulations for preparing medi-
cations. However, relying on fallible 
and microbially contaminated hu-
mans to perform fl awlessly and with 
perfection is a doomed strategy that 
will inevitably lead to aseptic failures 
and contaminated doses. While there 
are many sources of microbes that 
can lead to the nosocomial infec-
tions that plague our patients, it is 
the responsibility of pharmacists and 
all other compounding personnel to 
eliminate the sterile compounding 
process as a source of contamination 
that can potentially result in patient 
sepsis. 

Sterile compounding personnel 
typically consider every unit that they 
prepare to be sterile. Too often, little 
consideration is given to the fact that 
inadvertent contamination of com-
pounded units is actually occurring 
on a regular basis. Since sterile com-
pounding was routinely conducted 
on actual drug products for human 
use by many of these individuals 
whose aseptic technique was evalu-
ated during the time frame covered 
by this testing, the actual contamina-
tion rate for complex multicompo-
nent medium-risk-level preparations 
administered to patients may have 
also been unacceptably high but not 
recognized. Indeed, contamination 
may actually be occurring more fre-
quently in routine preparation than 
was found in the aseptic technique 

testing because the individuals may 
be on their aseptic technique “best 
behavior” during the observation 
and testing procedure and may be 
less so in day-to-day operations. 

We believe the likeliest source of 
the contamination that we found in 
our aseptic technique evaluations 
is the individual compounding the 
preparations. The reality may simply 
be that there is an abundance of op-
portunities for fallible and microbi-
ally contaminated human beings to 
inadvertently contaminate the prod-
ucts, most probably by touch, during 
aseptic preparation manipulations. 
A pharmacy’s actual contamination 
rate will be the result of all of the 
contamination risk factors, includ-
ing the nature and complexity of the 
compounding operation, the quality 
of the preparation environment, and 
the skill of the preparer. Even with 
the best environmental controls and 
most highly skilled individuals, in-
advertent contamination is a likely 
probability that should be considered 
and evaluated for its patient safety 
implications. 

The essence of quality assurance in 
sterile compounding is proving that 
the pharmacy is, in fact, delivering 
what it purports to be delivering—a 
sterile preparation. The burden of 
responsibility is on all compounding 
personnel to reduce the contamina-
tion rate as much as possible. This 
is a level of care that patients have 
a right to expect and compound-
ing personnel have an obligation to 
provide.

Conclusion
The use of protective chemo-

therapy gloves that were repeatedly 
disinfected with IPA decreased the 
contamination rate of pharmacy-
compounded sterile preparations.

aSafeskin Purple Nitrile examination gloves, 
Kimberly-Clark, Roswell, GA.

bBiogel Skinsense N. Regent Medical, 
Norcross, GA.

cAllegiance, McGaw Park, IL.
dChemo Safety, Ludlow Company, 

Chicopee, MA.

eNuAire, Inc., Plymouth, MN.
fLab Safety Corporation, Des Plaines, IL.

References
1. Pharmaceutical compounding—sterile 

preparations. Pharmacopeial Forum. 
2003; 29:750-809.

2. San Francisco Chronicle. Who is mixing 
your drugs? Bad medicine: pharmacy 
mix-ups a recipe for misery. Some drug-
stores operate with very little oversight. 
http://sfgate.com/cgi-bin/article.cgi?f=/
c/a/2002/06/23/MN12273.DTL&hw=
bod+medicine&sn=006&sc=826 (ac-
cessed 2007 Jan 28).

3. North Carolina Department of Health 
and Human Services. Painkiller suspected 
in fourth N.C. meningitis case. www.
dhhs.state.nc.us/pressrel/10-18-02.htm 
(accessed 2002 Nov 22).

4. MMWR Weekly. Exophiala infection 
from contaminated injectable steroids 
prepared by a compounding pharmacy—
United States, July–November 2002. 
www.cdc.gov/mmwr/preview/mmwrhtml/
mm5149al.htm (accessed 2002 Dec 16).

5. The United States pharmacopeia, 25th 
rev., and The national formulary, 20th ed. 
Rockville, MD: United States Pharmaco-
peial Convention; 2002:2234-47.

6. ASHP guidelines on quality assurance for 
pharmacy-prepared sterile products. Am 
J Health-Syst Pharm. 2000; 57:150-69. 

7. Trissel LA, Ogundele AB, Ingram DS et al. 
Using a media fi ll simulation to establish 
a benchmark microbiological contamina-
tion rate for low risk level compounding. 
Am J Health-Syst Pharm. 2003; 60:1853-
5.

8. Trissel LA, Gentempo JA, Anderson RW 
et al. Using a media fi ll simulation to 
evaluate the microbial contamination 
rate for USP medium risk level com-
pounding. Am J Health-Syst Pharm. 
2005; 62:285-8.

9. Huey WY, Newton DW, Augustine SC et 
al. Microbial contamination potential of 
sterile disposable plastic syringes. Am J 
Hosp Pharm. 1985; 42:102-5.

10. Mitrano FP, Baptista RJ, Newton DW et 
al. Microbial contamination potential of 
solutions in prefi lled disposable syringes 
used with a syringe pump. Am J Hosp 
Pharm. 1986; 43:78-80.

11. The United States pharmacopeia, 29th 
rev., and The national formulary, 24th ed. 
Rockville, MD: United States Pharmaco-
peial Convention; 2006:2735-51.

12. Slaughter RL, Edwards DJ, eds. Evaluat-
ing drug literature—a statistical ap-
proach. New York: McGraw-Hill Medical 
Publishing Division; 2001. 

13. Gaddis GM, Gaddis ML. Introduction to 
biostatistics: part 5. Statistical inference 
techniques for hypothesis testing with 
nonparametric data. Ann Emerg Med.
1990; 20:1054-9.

14. Gaddis GM, Gaddis ML. Introduction to 
biostatistics: part 4. Statistical inference 
techniques in hypothesis testing. Ann 
Emerg Med. 1990; 19:820-5.



PRACTICE REPORTS Microbial contamination rates

841Am J Health-Syst Pharm—Vol 64  Apr 15, 2007

15. Gaddis GM, Gaddis ML. Introduction to 
biostatistics: part 3. Sensitivity, specificity, 
predictive value and hypothesis testing. 
Ann Emerg Med. 1990; 19:591-7.

Appendix—Medium-risk-level-aseptic 
technique assessment procedure
1. Using a 30-mL syringe and 18-gauge needle, 

reconstitute a vial of dry sterile trypticase-
soy growth medium (vial 1) with 20 mL of 
sterile water for injection.

2. Using a 60-mL syringe and 18-gauge needle, 
transfer 50 mL of sterile water for injection 
from a 50-mL vial into a sterile empty 150-
mL polyvinyl chloride (PVC) bag.

3. Insert a dispensing pin into a 30-mL vial 
(vial 2) of sterile liquid trypticase–soy 
growth medium. Using a 10-mL syringe, 
withdraw 5 mL of growth medium through 
the dispensing pin. Attach an18-gauge nee-
dle to the syringe, and transfer the growth 
medium into the PVC bag.

4. Using a 10-mL syringe and 18-gauge needle, 
withdraw 5 mL of sterile growth medium 
from the reconstituted vial 1 (from step 1), 
and transfer into the PVC bag.

5. Using a 20-mL syringe and 18-gauge needle, 
withdraw 10 mL of sterile growth medium 
from a 10-mL vial (vial 3), and transfer into 
the PVC bag.

6. Using a 10-mL syringe, make a second 
withdrawal of 5 mL of sterile trypticase–soy 
growth medium from vial 2 through the 
dispensing pin. Attach an 18-gauge needle 
to the syringe, and transfer the growth me-
dium into the PVC bag.

7. Using a 10-mL syringe and 18-gauge needle, 
make a second withdrawal of 5 mL from the 
reconstituted vial 1, and transfer into the 
PVC bag.

8. Carefully open a 10-mL ampule of sterile 
trypticase–soy growth medium. Using a 20-
mL syringe and 5-µm filter straw, withdraw 
10 mL of the sterile trypticase–soy growth 
medium from the ampule. Remove the 
filter straw, and replace it with an 18-gauge 
needle. Transfer the growth medium into 
the PVC bag.

9. Using a 10-mL syringe, make a third with-
drawal of 5 mL of sterile trypticase–soy 
growth medium from vial 2 through the 
dispensing pin. Attach an 18-gauge needle 
to the syringe, and transfer the growth me-
dium into the PVC bag.

10. Using a 10-mL syringe and 18-gauge needle, 
make a third withdrawal of 5 mL from the 
reconstituted vial 1 and transfer into the 
PVC bag.

11. Label the bag, incubate at 25–35 °C over 14 
days, and observe for cloudiness, turbidity, 
and discrete colonies that indicate microbial 
growth.


