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Letter from the Editor 
 
First, I’d like to express my sincerest gratitude to Dr. Sutton for 
granting me the wonderful opportunity to join the PMF Team as Ed-
itor of the Newsletter.  I’ve thoroughly enjoyed following the PMF 
throughout most of my career, ever since it began as a small discus-
sion group based in North Carolina.  Under Dr. Sutton’s direction, it 
has grown into an iconic industry trade group.  Moreover, it is solely 
dedicated to cGMP Microbiology, and has become an indispensible 
resource for our community.  The PMF Newsletter and conferences 
are invaluable venues for the exchange of ideas and healthy debates. 
 
That being said, I encourage you to attend the PMF Conference on 
Environmental Monitoring on May 16 and 17.  Topics will include: 
Components of a Comprehensive Environmental Monitoring Pro-
gram; Standards and Regulations; Trending, Databases, Deviations 
and Excursions; Investigations into Excursions; Cleaning and Saniti-
zation; and Regulatory Enforcement Expectations.  Well-known in-
dustry thought-leaders will be presenting, including Dr. Sutton, Dr. 
Dilip Ashtekar, Anne Marie Dixon and Karen McCullough, to name 
just a few.  In addition, results of the recent survey on Environmen-
tal Monitoring (presented in this issue) will be discussed.  The con-
ference will undoubtedly be educational and exciting.  More infor-
mation at 
 http://www.microbiologyforum.org/2011/HPA1104/index.htm. 
 
Lastly, on a personal note, I’ve certainly been enjoying my new life 
as a consultant, including my membership in the Microbiology Net-
work and my new role as editor of the PMF Newsletter.  It never 
ceases to amaze me the myriad interpretations of current regulatory 
expectations for QC Microbiology.  I’m also very excited to an-
nounce the launch of my new company, Cryologics, Inc., to which 
Dr. Sutton referred in the last issue (see our ad on page 19).   
 
Here’s to the continued success of the Pharmaceutical Microbiology 
Forum! 
 
Bob Westney rwestney@cryologics.com 

PMF NEWSLETTER 

The PMF Newsletter is published by the Pharmaceutical Microbiology Forum.  Copyright ©2011 by the Pharmaceutical Microbiology 
Forum. All Rights Reserved.   Send all inquiries, letters, and comments to scott.sutton@microbiol.org. 

Letter from the Editor 1 

The Definition of “Trend” and “Adverse 
Trend” in Environmental Monitoring—
PMF Non-sterile EM Survey Team 2 

Upcoming Events 18 

Filamentous Fungi and their Implications 
in a GMP Environment—Anethra Wil-
son 5 



Pharmaceutical Microbiology Forum Newsletter – Vol. 17 (3) 
Page 2 of 18 

The Definition of “Trend” and “Adverse Trend” 
in Environmental Monitoring  

Karen McCullough, Leonard Mestrandrea, Don 
Singer and Scott Sutton 

  
“I shall not today attempt further to define the kinds of 
material I understand to be embraced within that short-
hand description ["hard-core pornography"]; and per-
haps I could never succeed in intelligibly doing so. 
But I know it when I see it...” 
  - Justice Potter Stewart, concurring opinion in 
Jacobellis v. Ohio 378 U.S. 184 (1964), 
regarding possible obscenity in The Lovers. 
 
 In November, 2010, the PMF asked its membership to 
complete a survey on non-sterile manufacturing and 
control.  One of the questions on that survey was, “Do 
you have a formal definition of a trend?”  Of the 345 
useful responses, 106, or 32% of all respondents indi-
cated that they had a formal definition of “trend” or 
“adverse trend”.    
 
A remarkable fact became clear as we prepared this 
survey summary on the survey responses.  Hard as we 
tried, we could find neither a definition of “trend” with 
respect to EM monitoring nor an algorithm for defin-
ing adverse EM trends in the literature. However, de-
spite industry’s lack of a standard definition, regulato-
ry agencies expect that we will trend our data and look 
for adverse trends.   
 
Let’s start with some standard definitions so that we 
can assess how regulatory expectations and our current 
industry definitions match up. 
  
Nancy R Tague, in her book, The Quality Toolbox, 

defines trend as “A series of points heading up or 

(Continued on page 3) 

Important Links:   
 
Information on the PMFList at 
http://www.microbiol.org/email-
discussion-lists/pmflist/ 
 
Past Issues of the PMF Newsletter at  
http://www.microbiologyforum.org/news.htm 

About the Authors 
 
The PMF Team assembled to prepare and 
analyze this survey are united in industry ex-
perience as well as participation in the USP 
microbiology committee of experts and are 
interested in contamination control of non-
sterile products.   Among the team is repre-
sented well over 100 years of experience. 
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down.  If the chart has 20 to 100 points, there 
should be no more than six in a row steadily in-
creasing or decreasing.  For fewer than 20 points, 
the limit is five.” (Tague, 2005). 

 
The Merriam-Webster online dictionary defines trend 

in a manner that is consistent with Tague’s defini-
tion of a directional series of observations: 

 
a: to extend in a general direction : follow a gen-
eral course “mountain ranges trending north and 
south” b : to veer in a new direction : bend “a 
coastline that trends westward” 

 
a:  to show a tendency : incline “prices trending 
upward” b : to become deflected : shift “opinions 
trending toward conservatism>“ 

 
 
FDA’s ORA Laboratory Procedure ORA-LAB.5.9 

discusses trends in the context of laboratory con-
trol.  The ORA discussion is again consistent 
with Tague’s definition.   “A trend will show a 
tendency or movement in a particular direction. If 
a series of consecutive plottings move steadily 
either upward or downward, a trend is indicat-
ed.”  (FDA, 2010)  

 
By these three standard definitions, the following run 
chart of EM observations (counts per plate as a func-

(Continued from page 2) 

tion of date) would suggest that the month of April 
showed two adverse trends (consecutive counts ris-
ing as indicated by the red circles) and one positive 
trend (consecutive counts decreasing as indicated 
by the green circles). Can you see an additional 
trend in Figure 1?  The only counts that equal or 
exceed 8 cfu/plate happen on Fridays.  That might 
be a nonconsecutive adverse trend. 
An example of the concern of regulatory agencies 
regarding attention to trends is reflected in the 
FDA’s Aseptic Processing Guidance (FDA, 2004).  
While this document is focused on EM for aseptic 
processes, the principles are certainly worth noting.  
This document makes the following recommenda-
tions regarding trending: 
 

• “...exceed established levels or show an ad-
verse trend…” (section 4.C Personnel 

(Continued on page 4) 

Figure 1.  Example Run Chart for EM Data, as a 
Function of Sampling Date 
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Monitoring Program)which begins its section 
on “Data Analysis” with instructions on how 
to analyze for trends. 

• “Bioburden of unsterilized bulk solutions should 
be determined to trend the characteristics of 
potentially contaminating organisms.”  (IX.B. 
Filtration Efficacy) 

• “Environmental monitoring methods do not al-
ways recover microorganisms present in the 
sampled area. In particular, low-level contam-
ination can be particularly difficult to detect. 
Because false negatives can occur, consecu-
tive growth results are only one type of ad-
verse trend. Increased incidence of contam-
ination over a given period is an equal or 
more significant trend to be 
tracked.”  (X.A.1.)  

• “Trend reports should include data generated 
by location, shift, room, operator, or other 
parameters. The quality control unit should be 
responsible for producing specialized data 
reports (e.g., a search on a particular isolate 
over a year period) with the goal of investi-
gating results beyond established levels and 
identifying any appropriate follow-up actions. 
Significant changes in microbial flora should 
be considered in the review of the ongoing 
environmental monitoring data.” (X.A.2)  

• “To more accurately monitor potential contami-
nation sources, we recommend keeping sepa-
rate trends by appropriate categories such as 
product, container type, filling line, sampling, 
and testing personnel. . . Upward trends in 
the microbial load in the aseptic area of the 
laboratory should be promptly investigated as 
to cause, and corrected. In some instances, 
such trends can appear to be more indicative 

(Continued from page 3) 

(Continued on page 7) 

Don’t miss!Don’t miss!Don’t miss!   

PMF Conference on Environmental PMF Conference on Environmental PMF Conference on Environmental 
MonitoringMonitoringMonitoring   
May 16May 16May 16---171717   

http://
www.microbiologyforum.org/2011/

HPA1104/index.htm 
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Anethra Wilson, M.S., CQA  
Sr. Research Associate, QC Microbiology 
ImClone Systems Corporation  
 
INTRODUCTION 
 
There are more than 100,000 species of filamen-
tous fungi, commonly known as molds, and 1,000 
of them are common in the United States.  Molds 
are ubiquitous in nature.  They can be normal skin 
flora, causing no harm to some people, while oth-
ers grow on or inside our bodies leading to infec-
tions.  They are found in unfiltered air and moist 
areas such as water damaged basements.  And of 
course, we have all witnessed them growing on 
food, resulting in food spoilage. 

 
The most common contaminants belong to the 
genera Aspergillus, Penicillium, and 
Cladosporium, and are the cause of most fun-
gal related allergies.  Not all molds are bad, 
some have many important roles.  A few ex-
amples being, the breakdown of organic mat-
ter, citric acid production, and of course antibi-
otic production.  The genus Aspergillus (Figure 
1) is instrumental in the biodegradation of 
plastic and is responsible for producing over 
99% of the world’s citric acid.  Citric acid is 
used as a food additive, flavoring, and preserv-
ative in food and beverages, especially soft 
drinks and candy.  In the biotechnology and 
pharmaceutical industry, it is used to passivate 
high purity process piping, in lieu of nitric ac-
id.  Nitric acid is considered hazardous to dis-
pose once used for this purpose, while citric 
acid is not. 

Filamentous Fungi and their Implications in a GMP Environment  

Figure 1:  Aspergillus species  

(Continued on page 6) 
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Like all living organisms, molds require certain 
things for growth.  All of the requirements vary 
for different genera and species.  But, generally 
molds require a temperature between 32°F and 
104°F (0°C- 40°C), a pH between 3.0 and 8.0, 
and a water activity level (Aw) of 0.65 to 0.98.  
And of course, a source of oxygen and food is 
necessary for growth and survival.  Molds can 
find nourishment just about anywhere.  Some 
common food sources found in buildings include 
cellulose, wood, paper, cotton products, carpet, 
general organic debris, latex paint, dust, and even 
dry wall.   
 
ENVIRONMENTAL MONITORING 
 
Monitoring for molds in the biotechnology and 
pharmaceutical industry is very important.  Envi-

ronmental Monitoring (EM) along with mold 
identification can be a very useful tool because it 
can help determine the genera and sometimes 
species common to your facility and if they are 
objectionable or non-objectionable.  There is no 
list of objectionable molds anywhere.  It is up to 
the company’s Quality Assurance and Quality 
Control departments to determine which molds 
should be considered objectionable.  Common 
molds, like Penicillium (Figure 2), can be con-
sidered non-objectionable because they do not 
cause mycoses in immunocompetent individuals.   
Some molds are more objectionable than others.  
For example, Stachybotrys chartarum (Figure 3) 
can be considered more objectionable because it 
has the potential to produce up to 50 different 
mycotoxins, some of which are lethal.  Dimor-
phic fungi such as Penicillium marneffii and 

Figure 2:  Penicillium species  

(Continued on page 12) 

(Continued from page 5) 

Figure 3:  Stachybotrys species  
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of laboratory error as a possible source of a 
sterility test failure.” (X.C.2) 

• “Trend analysis of microorganisms in the criti-
cal and immediately adjacent areas is espe-
cially helpful in determining the source of 
contamination in a sterility failure investiga-
tion. Consideration of environmental micro-
bial data should not be limited to results of 
monitoring the production environment for 
the lot, day, or shift associated with the sus-
pect lot. For example, results showing little 
or no recovery of microorganisms can be 
misleading, especially when preceded or fol-
lowed by a finding of an adverse trend or 
atypically high microbial counts. It is there-
fore important to look at both short- and long
-term environmental trend anal-
yses.”   (X.C.3) 

  
Survey Results 
 
When reviewing the data provided by respondents, 
we recognized that most definitions had more than 
one component, or attribute.  For example, a defini-
tion might say, “three consecutive action level ex-
cursions or the repeated recovery of an objectiona-
ble organism.”  Because of the complexity of scor-
ing free text, we decided to do our analysis by pars-
ing the definitions and categorizing the pieces of 
information by common attributes.   So, the sum of 
the parts in our case (fragments of definitions) is 
definitely greater than the whole (total number of 
responses). 
 
The first interesting result that we found is that only 
13 or 12% respondents defined “adverse trend” in 
the traditional sense of consecutive increasing or 
decreasing values.  Nine of these respondents did 
not disclose how many consecutive increasing 
events define a trend, but of those who did provide a 
definition, we saw everything from three consecu-
tive increasing counts to six consecutive increasing 
counts.  Only two respondents provided a definition 
of adverse trend that would meet the definition of-

(Continued from page 4) 

fered by Tague, which involves 5 or more con-
secutive, increasing values.  
 
Other attributes that were frequently mentioned 
are listed in Table 1 and are graphically repre-
sented in Figure 2 (see next page).   A significant 
number of people provided the survey with defi-
nitions that didn’t neatly fit into any of these at-
tribute buckets.  This category is “other” and will 
be discussed below. 
 
Consecutive Events Beyond the Alert or 
Action Limits 
  
By far the most common attribute in the defini-
tion of adverse trend for non-sterile monitoring 
was consecutive events beyond the alert or action 
limits.  Seventy four (74), or 69% of all respond-

(Continued on page 8) 
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Table 1.  Key Attributes of Definitions for Adverse Trends 

Attribute Definition/example 

Consecutive Events Consecutive excursions over an alert or action limit 

Sample Location Repeated excursions from the same sampling site, 
room, area, etc 

Time Number of excursions per day, week, month, etc 

Increasing Numbers Reference to Tague, above 

Rolling Counts Example, two excursions out of three consecutive sam-
ples, five excursions out of nine consecutive samples, 
etc. 

Statistical Process Control Excursions that exceed mean plus two or three stand-
ard deviations 

Operator Repeated excursions of samples taken by the same op-
erator 

Incidence rate Number of samples showing any growth 

Figure 2.  Key Attributes of Adverse 
Trend 

(Continued on page 9) 
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ents referenced consecutive excursions in their defi-
nitions of adverse trends.  Looking at the breakdown 
of these responses (Figure 3), 57% of respondents 
referenced three consecutive alert or three consecu-
tive action events in their definitions, while approxi-
mately 25% of respondents indicated that an adverse 
trend was comprised of two consecutive alert or ac-
tion level excursions.  One respondent indicated that 
three consecutive readings at half of the alert limit 
was considered to be an adverse trend, and proactive 
measures were taken at that point to find and miti-
gate root cause. 

 
Location 
  
A total of thirty nine (39), or 19% of respondents 
indicated that repeated recovery of organisms at a 
particular location was part of their definitions 
(Figure 4).  Nineteen respondents defined a trend by 
repeated recovery at the same sampling site or loca-
tion.  Eight (8) respondents referenced recovery in 
the same area, seven (7) respondents indicated that 
they defined an adverse trend by frequent recovery 
in the same room.  Other locations that were men-

(Continued from page 7) 

tioned in responses included adjacent areas, com-
mon air handling units and similar room classifi-
cations.  
 
Time 
Eighteen respondents indicated that time played 
some part in their definition of adverse trend in 
that they considered the number of alert or action 
level excursions in a defined period of time 
(usually events per day or month).  In this context 
it is interesting to note that the latest proposals for 
revision of USP chapter <1116> have both in-
cluded some discussion of “incidence 
rates” (USP 2005) or “detection frequencies 
(USP 2010) and their role in setting alert and ac-
tion levels. 

(Continued on page 10) 

Figure 3. Adverse Trend:  Consecutive 
Events 

Figure 4. Adverse Trend:  Location 

Figure 5. Adverse Trend:  Time 

(Continued from page 8) 
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Statistical Process Control 
 
Though not prevalent, four respondents indicated 
that they defined adverse trends in terms of classical 
SPC analysis, with an adverse trend defined as one 
or more events that exceed the upper control limit.   
 
The “Other” Category 
 
Forty-two (42) or 57% of respondents cited “other” 
factors in their definition of a trend or an adverse 
trend.  (Figure 6).  Looking at these responses, a 
number of similarities emerge.  Seventeen respond-
ents indicated that an adverse trend is a “drift” from 
stable room quality, suggesting that there is some 
level of holistic visual inspection of graphical data 
relative to the known or expected baseline.  A num-
ber of respondents indicated that they have a manag-
er or other knowledgeable and experienced profes-
sional make these assessments.  Interestingly, a 
number of respondents wrote that any single excur-
sion beyond the action or alert limit constitutes an 
adverse trend.   Four respondents indicated that they 
defined an adverse trend by a condition that could 
have an adverse effect on process or product.  Appli-
cation of this definition requires a clear and compre-
hensive understanding of product quality attributes 
and production processes.   

(Continued from page 9)  
Conclusion/Summary 
  
We can draw a number of conclusions from these 
data: 
 
• Very few definitions were aligned with either 

the standard statistical definitions of trend, or 
standard Statistical Process Control analyses.  
Bottom line:  there is no widely accepted sta-
tistical algorithm that is used for the analysis 
of trends.   

 
• Although there were shared attributes, rarely 

were two definitions in complete agreement.  
This observation is not unexpected because 

 
• While regulators expect that data be ana-

lyzed, and while they have provided guid-
ance on what to do with trend reports for 
aseptic manufacturing, there has been little 
or no direction on how best to analyze data 
for trends.  As a result, we are expected to 
exercise scientific judgment on this matter, 
and must consider the quality attributes of 
our product, our methods of manufacturing 
control and our methods and limitations of 
monitoring 

(Continued on page 11) 

Figure 6. Adverse Trend:  “Other” 
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http://www.microbiol.org/email-
discussion-lists/pmflist/

subscribe/ 

Subscribe to the 
PMFList for 
informative 
discussions! 

It’s FREE! 

• Respondents represented a number of non-
sterile manufacturing segments from con-
sumer products and dietary supplements to 
API and other precursors to sterile products.  
Scientific judgment is rightly dependent on 
the product and the patient or consumer 
population.    

• If there is any commonality in the data, it 
would be that respondents tend to define trend 
in terms of consecutive excursions beyond the 
alert or action limits.  In other words, by our 
own definition, we tend to be reactive to ad-
verse trends rather than proactive.  This philos-
ophy, though prevalent in our responses, ap-
pears to be at odds with guidance provided by 
the FDA in the Aseptic Processing document 
which strongly urges a proactive interpretation 
of trends to “anticipate” problems.   
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Sporothrix schenckii (Figures 4 and 5) are objec-
tionable because of their pathogenic nature, 
causing infections in immunocompetent individ-
uals as well as immunosuppressed individuals.  
However, all molds may be allergenic depending 
on exposure time and dose.  The usual exposure 
route is inhalation of spores.  
 
EM can also help determine trends within your 
facility.  You can determine if molds are being 
recovered under certain conditions (static or dy-
namic), if the genera being recovered are consist-
ently the same or if new genera are being recov-
ered.   Most importantly, you can track the popu-
lation to determine if there is an increase, de-
crease, or no change in the overall population or 
specific genera.  This allows companies to main-
tain a level of control.  By observing trends, dis-
semination of mold throughout the facility can 
be prevented, thereby avoiding potential contam-
ination of the process streams.  In addition, haz-
ards to employee’s health may occur.  Deleteri-
ous effects to employees include mycotoxicoses 
and mycoses.  Mycotoxicoses are diseases 
caused by mycotoxins, and mycoses are diseases 

Figure 4:  Penicillium marneffei 
Top:  mold form; Bottom:  Yeast form  

Figure 5:  Sporothrix schenckii  

(Continued from page 6) 

(Continued on page 13) 
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caused by the molds themselves.  Mycotoxicoses 
are extremely difficult to diagnose because there 
are no adequate detection systems commonly 
available to detect their presence in tissues.  Some 
symptoms include allergies, exacerbation of asth-
ma, dermatitis, and respiratory problems.   
 
ASSOCIATED RISKS AND RISK 
MITIGATION  
 
Degradation of the active ingredient and fungal 
infections in the patient or consumer are associat-
ed risk of having mold in your product.  There 
have been a few recalls due to product contami-
nated with mold, some of which are very well 
known.  In 1996, the FDA recalled an opthalmic 
solution because it was contaminated with 
Fusarium (Refer to Figures 6 and 7).  Several 
consumers contracted Fusarium keratitis, a rare 
disease caused by the mold Fusarium that leads to 
inflammation of the cornea and may lead to blind-
ness.  A few of the infected people had to undergo 
corneal transplants.  The FDA determined that the 
company had manufacturing and Quality Control 
issues, and also that they delayed reporting fungal 
eye infections to the FDA.  However, further in-
vestigations determined that the product formula-
tion rather than the manufacturing processes con-
tributed to the outbreak.  Also in 1996, there was 
another product recall where Liquid Gel lubricant 
eye drops were contaminated with mold.  Con-
sumers reported the presence of foreign material 
in the product.  The company tested the returned, 
opened, partially used bottles and recovered 
mold.  Unlike the first case, no consumers con-
tracted any diseases. 
 
Another risk associated with mold is mycotoxin 
contamination, which can lead to many adverse 
health effects, including the ones previously men-
tioned.  Mycotoxins are secondary metabolites 
produced by molds under certain conditions, and 
they are non-essential for growth and survival.  
The total number is unknown, but 250 have been 
detected so far.  Their function has not been clear-
ly established, however, they are believed to pro-

 

vide competitive advantages, like assisting with 
tissue invasion and eliminating competing organ-
isms.   Mycotoxin production is highly complex 
and dependent on a set of poorly understood in-
teractions that probably include nutrition, growth 
substrate, temperature, moisture, and competition 
from other microorganisms in the surrounding 
environment. The type of mycotoxins produced 
by toxigenic molds can vary widely from one iso-
late to another even if they are under the same 
conditions.  So, just because there is a toxigenic 
species present, such as Stachybotrys chartarum, 
you cannot assume that mycotoxins are also pre-
sent. 
 
There are several ways to mitigate the risks of 
mold contamination in critical areas.  A few ex-
amples include the use of differential pressure 

(Continued from page 12) 

(Continued on page 14) 

Figure 6:  Fusarium growing from contact 
lenses contaminated by ophthalmic solution  

Figure 7:  Fusarium  species 
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(DP) cascades that protect critical areas from air-
borne mold, implementation of proper personnel/
material flow procedures, and a facility sanitiza-
tion regimen.  You can also routinely inspect ac-
cess points for integrity and perform trend re-
ports.  Complete removal of the mold is the best 
solution, but not always possible.  Physical re-
moval of the mold is followed by cleaning of the 
affected area with a fungicide and the application 
of a sealant with a fungal inhibiter. The cleanup 
activities should be conducted in such a way as to 
avoid the contamination of unaffected areas.  
 
MYCOTOXINS 
 
Historically, mycotoxins have been associated 
with the agricultural and food industries.  But in 

recent years, they have gained media coverage 
due to contaminated water-damaged buildings.  
The molds present in these buildings, may pro-
duce detectable levels of mycotoxins.  They are 
not highly volatile, so inhalation of the toxin 
alone is unlikely.  However, mycotoxins are 
integral parts of the mold, so spores are the 
most common vehicle for mycotoxin inhalation.  
Spores may contain significant mycotoxin con-
centrations, which can lead to building related 
illnesses.  Signs of building-related illnesses 
include coughs, chest tightness, fever, chills, 
and aches. 
 
Although, there are many types of mycotoxins 
and many other genera of molds that secrete 
them, this article will just cover some of the 
mycotoxins that are associated with five of the 
most common molds.  Refer to the section enti-
tled “Mycotoxins associated with five common 
filamentous fungi (molds)” on Page 16.    As-
pergillus produces many mycotoxins, but the 
most harmful is Aflatoxin.  Aflatoxins are po-
tent and are considered to be one of the most 
carcinogenic substances known, and has been 
linked to liver cancer.  Aspergillus also produc-
es mycotoxins that may lead to immunosuppres-
sion and some are believed to cause brain and 
lung hemorrhaging.  Penicillium produces many 
of the same mycotoxins as Aspergillus.  Stachy-
botrys, Fusarium, and Alternaria (Figures 1, 3, 
7, and 8 respectively) produce T-2 toxin which 
is very lethal, and was used as a bioweapon in 

(Continued from page 13) 

(Continued on page 15) 

Figure 8:  Alternaria species 
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Aspergillus 
• Aflatoxin - Most potent carcinogen known to 

man and has been linked to wide variety of 
health problems 

• Ochratoxin - Causes kidney and liver dam-
age and is a suspected carcinogen.  May also 
be immunosuppressive 

• Citrinin - Causes renal damage, vasodilation, 
and bronchial constriction 

• Gliotoxin - Immunosuppressive toxin 
• Patulin- Believed to cause brain and lung 

hemorrhaging 
• Sterimatocystin- Carcinogenic 
 
Penicillium 
• Ochratoxin, Citrinin, Gliotoxin, Patulin 

(See above) 
 
Fusarium 
• T-2 toxin (Tricothecene toxin) - Very lethal; 

severe damage to GI tract resulting in rapid 
death due to internal hemorrhage if sufficient 
quantities are ingested.  Also, potent inhibi-
tors of DNA, RNA, and protein synthesis 

• Fumonisin - Esophageal cancer in humans 
• Vomitoxin - Gastrointestinal illness if ingest-

ed 
• Zearalenone - Damages reproductive organs; 

structure similar to estrogen 
 
Alternaria 
• Alternariol - Cytotoxic  
• T-2 toxin 
 
Stachybotrys 
• Saratoxin H - High doses or chronic low dos-

es are lethal; abortogenic and alters immune 
system function causing greater susceptibility 
to opportunistic pathogens 

• Stachylysin - Hemolysin; lyses red blood 
cells 

• T-2 toxin 

the 1970s.  When it is aerosolized as a bioweap-
on it is called “yellow rain”.  If sufficient quan-
tities are ingested, it causes severe damage to 
the gastrointestinal tract resulting in rapid death 
due to internal hemorrhage.   It is also a potent 
inhibitor of DNA, RNA, and protein synthesis.  
Fusarium also produces mycotoxins that cause 
esophageal cancer and damage to reproductive 
organs. Along with producing T-2 toxin, Alter-
naria produces a cytotoxic mycotoxin called 
Alternariol.  Stachybotrys chartarum, which is 
more commonly called the “black mold”, can 
produce up to 50 mycotoxins, but only a few are 
listed. The first, Saratoxin H, is lethal in high 
doses and in chronic low doses.  It is also abor-
togenic and alters immune system functioning 
causing greater susceptibility to opportunistic 
pathogens.  Saratoxin, is a potential bioweapon 
and research has been conducted to determine 
its effects.  But, unlike T-2 it has not been used 
as a bioweapon so far. 
 
IDENTIFICATION 
 
The policies for mold identification vary from 
one company to another.  Some companies pre-
fer to identify all molds recovered, and may de-
termine that genus level identification is suffi-
cient for their purposes.  Other companies pre-
fer to only identify molds recovered from criti-
cal areas like ISO 5 and ISO 6 areas. 
 
There are several methods that can be employed 
to identify molds. The most common being the 
Tape Mount Method.  It is fairly simple to per-
form and it maintains the integrity of fungal 
structures by fixing them on the adhesive sur-
face.  A small drop of Lactophenol Cotton Blue 
(LPCB) is placed on clean microscope slide.  
Next, make a loop with the Fungi-Tape or regu-
lar clear tape with the sticky side out.  Gently 
press tape against the surface of the mold and 
ensure to use the area of the mold that has dis-
tinct color but not at the center (too old) or at 

Mycotoxins associated with five 
common filamentous fungi (molds) 

(Continued from page 14) 

(Continued on page 16) 
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the edge (too young).  Gently pull away the tape, 
open it, and place onto the dye on the micro-
scope slide.  Some other methods, such as the 
Tease Mount Method are generally not preferred 
because the delicate fungal structures are often 
broken, rendering identification difficult.  LPCB 
has a dual function.  It is a mounting fluid and a 
stain.  Lactic acid preserves the fungal structures, 
Phenol is a killing agent, Glycerol prevents dry-
ing, and Cotton Blue gives a color to the struc-
tures. 
 
If available, genetic sequencing methods can be 
utilized, especially for molds that have longer 
maturation dates or lack identifiable structures.  
This method is highly accurate and reliable, and 
normally requires very few cells. Standardized 
growth conditions are not required and the tech-
nology works equally well with healthy, dam-
aged, and non-viable cells.  Identification of both 
yeasts and molds begin with DNA extraction 
from pure isolates, and then the D2 expansion 
segment of the large subunit rRNA gene is am-
plified by Polymerase Chain Reaction (PCR).  
The purified PCR product is then sequenced us-
ing fluorescent di-deoxy terminator cycle se-
quencing chemistry, and the extension products 
are further purified.  Lastly, the sequence is de-
termined on an automated DNA sequencer.  The 
sequence is compared to other sequences found 
in the database library to determine the closest 
phylogenetic matches. 
 
As with anything in a FDA regulated environ-
ment, proper GMP documentation practices are 
important.  Fungal (Mold) Identifications are no 
different.  Each company’s Quality Control de-
partment’s datasheet will be designed different-
ly, but a few things that are helpful to include 
would be  type(s) of media used, for example 
SDA or PDA, identification method, rate of 
growth (number of days the mold was incubated 
before reaching maturity), macroscopic and mi-
croscopic descriptions, and a drawing or picture 

of the microscopic structures.  Finally, a refer-
ence source, such as a mold identification book, 
should be cited. 
 
There are numerous things a company can do to 
improve its mold identification program.  The 
creation of a mold library as a reference or train-
ing tool can be useful.  More permanent stains, 
such as Mycoperm Blue or Mycoperm Red, can 
be used for this purpose.  Members of the Quali-
ty Control department can attend mycology clas-
ses offered by professional associations or sign-
up for mycological society newsletters and jour-
nals, enroll in academic courses, or utilize the 
wealth of information on the internet.   
 
CONCLUSION 
 
Filamentous fungi or molds are ubiquitous in 
nature and therefore are common environmental 
contaminants in the pharmaceutical and biotech-
nology industries.  Knowledge of growth re-
quirements and preventative measures along 
with trending and tracking of data through envi-
ronmental monitoring may prevent or at least 
contain contamination throughout the facility.  
This may also prevent contraction of harmful 
mycoses and/or mycotoxicoses to employees or 
product end users.   Although mycotoxin produc-
tion and effects are not completely understood or 
known, they can be controlled by limiting the 
amount of mold present.  The complete elimina-
tion of mold may not be possible, but the demon-
stration of control is very important.  This can be 
accomplished through a structured environmen-
tal monitoring program coupled with a robust 
mold identification program.  
 
 

(Continued from page 15) 
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The Microbiology Network  
(http://www.microbiol.org) was established in 1996 
and provides consulting, training services  and webi-
nars to industry.   Take advantage of the network of 
proven, experienced independent consultants who op-
erate through the network. 
The Microbiology Network also supports: 
• PMFList, a microbiology Email list - http://

www.microbiol.org/email-discussion-lists/pmflist/ 
• PSDGList (pharmaceutical stability topics)  - 

http://www.microbiol.org/email-discussion-lists/
psdglist/ 

• C-CEList (Cleanrooms and Controlled Environ-
ments) - http://www.microbiol.org/email-
discussion-lists/c-celist/ 

 
Services Offered 
• Consulting 

Contamination control, environmental monitoring, 
lab operations and laboratory audits 

• In-house training 
cGMP, QC Microbiology, EM, Contamination 
Control, Lab Audits 

• Mock Audits 
Full range of mock audits through network of 
GMP experts available 

• Webinars 



PMF Conference on Environmental Monitoring 
May 16-17, 2011 
Las Vegas, NV 

 http://www.microbiologyforum.org/2011/
HPA1104/index.htm 
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Discussion List Update 
 
PMFList: 
Number of Subscribers:  3995 
Number of Countries: 60 
Number of Messages Last Month: 245 
 
PSDGList (Pharma Stability Discussion Group): 
Number of Subscribers: 1439 
Number of Countries:  35 
 
C-CEList (Cleanrooms and Controlled Environments 
Number of Subscribers:  557 
Number of Countries: 25 
 
Membership is FREE. To join the PMFList (or any of the 
other lists, as well), visit  
http://www.microbiol.org/email-discussion-lists/pmflist/ 
 and register.   
 
You can ask, answer, or read questions and comments from 
your colleagues.  Archives of the lists are available at: 
http://www.microbiol.org/email-discussion-lists/pmflist/ 
http://www.microbiol.org/email-discussion-lists/psdglist/ 
http://www.microbiol.org/email-discussion-lists/c-celist/ 

USP Corner 
 

Any questions concerning USP documents 
should be sent to Radhakrishna (Radha) Tiruma-
lai, Ph.D. You can reach Dr. Tirumalai at: (706) 
353-4514, via mail at United States Pharmaco-
peia, 126 Twinbrook Parkway, Rockville, MD 
20852 or via e-mail at RST@USP.org. You can 
write representing your company, or as an indi-
vidual scientist. 
 
The Pharmacopeial Forum is now available 
online beginning at http://www.usp.org/USPNF/
pf/ 


