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INSIDE MICROBIOLOGY

An interview with Daniel Y.C. Fung, Ph.D.

Fung’s Forecast on Rapid
& Automated Methods:

Where Are
We Now?

s Food Microbiology Division Lecturer of the American Society of

Microbiology (ASM) at the organization’s national meeting in

Washington, D.C. in 1995, Daniel Y.C. Fung, Ph.D. was asked to give
a lecture reviewing rapid methods and automation in microbiology and provide pre-
dictions of the future of this important field in food and beverage analysis. Nearly five
years later, Food Safety Magazine published an update of those predictions to see
whether the noted food microbiologist’s forecasts had achieved “real-world use” status.
In that 1999 article, “Predictions of the Future of Rapid Methods in Microbiology,”
Dr. Fung wrote, “Predicting the future is risky business at best. Several of the predic-
tions [ made in 1995 actually became reality. Hopefully, a few of the 1999 predictions
I've forecast here will become a reality in the next decade.” By his next update for this
publication in 2002, most of Dr. Fung’s prognostications were indeed realities—before

the decade even hit the midway mark.

In this 2004 Food Safety Magazine
interview, Dr. Fung once again takes out
his crystal ball (the scientific one, of
course!) and analyzes his earlier predic-
tions to see what has transpired and what
has yet to transpire in the field.

Food Safety Magazine: Have rapid and
automated microbiological methods expan-
ded capabilities in the food industry?

Daniel Y.C. Fung: First, the demand for
microbiological testing worldwide is
increasing and encompasses many prod-
uct categories, from food and beverage,
to pharmaceutical and environmental, to
personal care and industrial processing
(see box, p. 00). In 2003, according to
new market research published in
Strategic Consulting Inc.’s Industrial
Microbiology Market Review, 2nd Edition,
the volume of microbiological tests was
estimated to be a worldwide market of
1,136.5 billion tests conducted annually,
of which 558.1 million were run in the
food industry. Of the six identified
industrial sectors, the food industry is
the largest market for microbiological
tests, representing 49% of the total vol-
ume of testing performed, followed by
the pharmaceutical (206.9 million), per-
sonal care product (194.3 million), bev-
erage (102.4 million), environmental
(44.8 million) and industnal processing
(30 million) sectors. An analysis of the
market trend from 1993-2003 shows that
the volume of microbiological testing
has experienced steady growth in all of
these segments and the report predicts
that worldwide usage of rapid microbio-
logical testing methods will double by
2008.

1 think this market growth is an indi-
cator that we are making progress in
developing berter, more usable rapid
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microbiological detection and analytical
methods and technologies that can pro-
vide the speed to result that many food
companies require. So, these advances
really have expanded the food industry’s
capabilities and as I've said in the past,
the reasons that food manufacturers test
products are well established. These
include finding out whether the raw
materials coming into your processing
plant are of good quality or not, and
whether ingredients and raw materals
meet your company’s specifications for
microbiological integrity and other
requirermnents. If suppliers don’t meet the
specs, they will lose the business. For

example, 2 ground beef processor supply-

ing to fast food operation typically will
have a microbial specification of 100,000
organisms and less per gram of ground
beef. If you have more than 100,000
organisms per gram, the beef is not very
good and will be rejected. The faster the
test, the more quickly unacceptable ingre-
dient can be prevented from entering the
plant in the first place and the higher the
assurance the company has in protecting
itself and the health of consumers.

Of course, the next area in which the
food manufacturer needs to conduct test-
ing is in the factory itself during the pro-
cessing. There are different cntical points
in each manufacturer's process where you
want to know if you have an unusual
number of organisms in the product or
not, and whether the plant environment
ts clean and sanitary. Even with the best
Hazard Analysis and Critical Control
Points (HACCP) program, companies
are still testing the end product before
they release it, as well. Rapid and auto-
mated microbiology have really allowed
food manufacturers to expand their capa-
bilities to streamline food safety and
quality assurance.

Wich all of these tests, the faster the
berter, the simpler the better. Overall, my
prediction is that rapid methods will
enable companies to test more and more
classes of foods. We all know that the use
of these methods is well established in
meat, poultry, dairy and seafood but
many people don't realize that a mere 10
Yyears ago we weren’t concentrating on
fruits and vegetables. In the beginning,
everyone thought produce was clean
unul we witnessed E. coli, Salmonellz and
other pathogen-associated foodbome ill-
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ness outbreaks sourced to produce. So
this is a newer area of concern and the
demand for testing in this class of food
will increase. Another interesting trend is
the increase in consumer demand for
imported ethnic foods, such as those you
find in ethnic grocery stores. People
expect to know exactly what is in the
food they consume and these ethnic
foods are not being tested regularly.

The Strategic Consulting market
report ['ve quoted above also states that

roughly 20% of all microbiology tests
performed in the food industry are for
pathogenic organisms such as Salmonella
and Escherichia coli O157:H7, with the
remaining 80% of tests falling into the
routine testing category, which includes
total count, coliform count and yeast and
mold. I predict that in the next five years
we will see the percentage of pathogen
testing increase by 10%, with a corre-
sponding 10% decrease in the percentage
of routine testing as new standards, regu-
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lations and or pathogens of concern to
the food industry emerge.

Similarly, [ also think that the balance
of where tests are done wordwide is
going to shift. Currently, the total
amount of tests conducted throughout
the world is split at about 33% each
between North America, Europe and the
rest of the world. But I think that in the

to 25% North America, 25% Europe and
50% rest of the world. This is because
other countries are becoming more con-
scientious of food safety. In China, for
example, the economy is growing and
with an improvement in wealth there
often follows an improvement in health.
Essenuially, people are able to and like to
eat better food. As such, many countries
are looking into safer and healthier
foods, so [ predict that the food testing
market will grow substantially in the rest
of the world.

Food Safety Magazine: Will you review
your 10 predictions from 2002 and talk
about whether you think these forecasts on
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Jood microbiology advances in rapid and
automated methods bave been realized?

Fung: It has been nearly a decade since [
made the first set of predictions on
advances in the development of rapid
and automated microbiology methods,
and again, many of these predictions
have now been realized. There are excit-
ing new developments in the field that
are enabling food microbiologists to get
more sensitive, more accurate and very
fast results, which in turn helps food
manufacturers more quickly release their
products to market with a high level of
assurance that the products they ship are
safe and of good quality.

SRR R A A A T e R R

[ think the 10 points made in my pre-
dictions are still valid but they have been
refined. We have witnessed incremental
advances since my 2002 update, and we
are doing quite well overall in increasing
speed, sensitivity and specificity of
microbiological diagnostic test results.

Prediction 1. Viable Cell Counts
Will Sall Be Used. [ would like to add to
this predictive statement “and more offi-
cienty,” because there have been many
developments in instrumentation that
are allowing more efficient ways to
obtain viable cell count. Again, the abili-
ty to tell whether cells are alive or dead in
a sample is important because live cells,
which can be hammful to the health of
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those consuming them, will grow into.

millions of cells in just a few hours. The
viable cell count enables us to identify
the spoilage food and, of
course, the potential of pathogens to
grow 10 large numbers that will make us
sick. As such, viable cell count—total aer-
obic count, anaerobic count, differential

potential of a

count, and pathogenic count—is a very
important parameter used to assess the
safety and hygtenic quality of food and
beverage products. During the last few
years, lmprovements in alternative meth-
ods, including rapid culture methods,
spiral platung systems and other innova-
tons i more efficient dilution instru-
ments and sample preparation Instru-
ments, have made viable cell count pre-
cedures more efficient and rapid.

Some of the specific advances I've
predicted in this area are closer to reality,
including the improvement of vital stains
using very specific dyes that differentiate
living versus non-living cells in less than
one hour and the development of hand-
held units in which a film is produced
from the reaction of a sample and vital
stain and automatically scanned to pro-
vide a viable cell count. A very interesting
new development relates to the automa-
non of-the conventonal most probable
number (MPN) technique, which s diffi-
cu 1[ to run and very time-consuming.
When yours truly developed a miniatur-
1ized MPN system 30 vyears ago, it
improved on the drawbacks of the
method but sull had to be performed
manually. Recently, the Journal of Rapid
Methods & Automation tm Microbiology
published a paper detailing how my sys-
tem 15 being automated using instru-
ments and sophistcated statistics to
increase the efficiency of the MPN

]

bomething new in this area 15 work
involving developing technology that
can split a cell into many, many particles,
which can be used instead of single-
organism counting methods. For exam-
ple, you break up one E. coli into several
thousand pieces through sonification or
some other method, and then attach to
' icle some signal that can be
amplified so

that eventually you can
i . g Ce )
detect one £. colf in a hiquid. The cell par-

ticle G, | N
acies react with a DSCAI‘

ompound,
enabling the microbiologist to see and

count all the organisms. TliS 15 actually
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being done: You can detect one cell.
And, if you can detect one cell, imagine
a scenario where you can bombard that
cell and pick it up—now you've got some
markers that show the cell is alive and
markers that show the cell is pathogenic.
With these multiple markers of that one
cell’s breakup products you can identify
both the pathogenic bacteria and their
numbers quickly. Thus, [ would refine
my original prediction to include a new
prediction that the industry will see

advances in rapid microbiology technol-

gy that will allow us to detect organisms
and get a viable cell count at the same
ume. [ know one company right now
that has technology that can detect one
E. coli per mL in a liquid in about 10 min-
utes. This 1s almost like science fiction,
but it is being done right now.

Another of my predictions related to
viable cell counts was the development
of technologies for early sensing of viable
colonies on agar. I stated that I believed

)
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that in the future it would be possible to
use heat-sensing or colony-sensing
devices to detect the development of
colonies on the agar without having to
“see” the colonies with one’s eyes. This
development would shorten the proce-
dure to about three to four hours instead
of the traditional 48 hours to count a vis-
ible colony. Well, [ just saw something in
Boston that really is like science fiction.
A person there showed me a series of agar
plates showing from one, individual cell
on a plate all the way to an actual colony
(which could be seen with the naked eye)
by a procedure involving an antibody
reaction and the amplification of specific
dyes. The ability to identify one E. colf
O157:H7 on the surface of an agar is real-
ly amazing. This type of development,
which shows our ability to see cells much
sooner, supports my earlier predictions.
Prediction 2. Real-Time Monitoring
of Hygiene Will Be in Place. Of course,
ATP bioluminescence diagnostic tests are
firmly entrenched in food company
hygiene monitoring and sanitation pro-
grams worldwide—and with good cause.

I
t

1 ST R 3 T e 6 v,

“Given the udvunces I MICTOArTay Zecbnology

we soon should be able to detect 100 pathogens

on a single microchip.”

T St o s et
These systems are truly rapid methods,
offering food companies real-time screen-
ing results about the cleanliness of pro-
cessing equipment and facilities and pro-
moting good cleaning practices in food
plants that reduce microbial contamina-
tion. As I stated in 2002, the use of cata-
lase enzyme, surface contact plates, pad-
dle methods, swabs, the Petrifilm contact
method, impedance instrumentation and
optical method automated systems all
have significantly helped food manufac-
turers obtain very rapid indicators of
hygiene.

Recently, there has been a more con-
certed movement to improve residue
testing in terms of hygiene monitoring
applications. Our ability to measure the
presence of protein, fat, carbohydrate,
and so on, has improved since my 2002

AT i o S T B M gk

prediction. In pnmcular protem tests
have moved beyond the first generation
stage and today allow the user to detect
protein residues in five seconds. These
are instant detection tests are very sim-
ple—you take a swab, activate it, swab the
target surface, and if it changes to a spec-
ified color, you know that too much pro-
tein 15 present, which indicates that
microbes are present in unacceptable
numbers.

Prediction 3. Polymerase Chain
Reaction (PCR), Ribotyping, and
Genetic Tests Will Become Reality in
Food Laboratories. This was a bold pre-
diction in 1995, a not-so-bold one in
1999 and a given in 2004. Today, many
food companies and the federal govern-
ment are using PCR to detect pathogens
because the method offers the ability to
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detect with a high degree of specificity
and rapidity several pathogens of interest.
More and more food industry labs,
including smaller ones, are incorporating
genetic-based rapid methods and testing
because the newer systems are user
friendly. For example, at one laboratory I
know they are using an automated instru-
ment to perform gene sequencing to con-
firm  Salmomella. The machine can do it
very fast and its sophisticated automation
eliminates many of the time-consuming
aspects of past genetic testing protocols.

While PCR, rbotyping and other
genetic-based tests have become a reality
i many laboratories, their application
will be even more useful if these systems
can do more to determine the virulence
factor. This means that the microbiolo-
gist not only can detect the organism but
also can determine whether the organism
possesses a pathogenic gene. This excit-
ing advance is now being made and it
will be quite useful to know that gene.
We hear about the mapping of the
human genome, but there also are many
bacteria that have been completely genet-
cally mapped, as well. We now have very
detailed information that we can study to
discover why L. monocytogenes or E. cols
OI57:H7 is pathogenic, which enhances
our ability to develop better methods to
control or eliminate that harmful patho-
geniary in food. Molecular biology is
here to stay and will flourish.

Predicion 4.  Enzyme-Linked
[mmunosorbent Assay (ELISA) and
Immunological  Tests Will Be
Completely Automated and Widely
Used. ELISA is well established and
highly trusted as a microbial detection
echnique in food testing applications. In
2002, T noted that test kit manufacturers
were focusing on improving lateral fow
fest systems to increase their sensitivicy.
Since then, the systems have indeed been
refined to the point that they can detect
1® or even 10* organisms and some near
the 8-hour total test time mark.

some companies that offer automated
ELISA systems who have begun to devel-
Op interesting new media designed for
use with their systems that speed the
enrichment process.

At Kansas State, we just recently com-
pleted 2 work studying a combination
method using immunomagnetic separa-
non and ELISA technology that can
detect E. coli O157:H7 in 5.25 hours. In
this automated system, immunomagnetic
capture is combined with ELISA.

Following growth of the organisms,
immunomagnetic beads are placed with
the antibody against the organisms and
the entire 250 mL sample is circulated
through the machine many times. Each
time and every time it comes back to the
magnetic area, organisms are captured. In
approximately 30 minutes nearly all of
the organisms are captured and the beads
are released. The beads and bacteria go
through an ELISA test. For example, a
sample of ground beef is placed in the

Although rapid ELISA tests are
indeed widely used in the food industry ‘
because of their rapidity (some provide |
resuits in 8 hours), as stated in my pre- |
diction, these immunological tests are |
not yet completely automated. However,
automation of ELISA tests is improving
for the benefit of the food industry. For
example, there have been advances by l
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broth and incubated for 4.5 hours, circu-
lated for 30 minutes and then undergoes
the ELISA test where the reaction takes
place. If you see a positive, you will con-
firm, and if negative, the food is safe. The
speed to result of 5.25 hours is the fastest
possible right now. I am trying to reduce
this time even more by growing the
pathogen in oxyrase and shortening the
incubation to 3 hours. Perhaps we can
cycle the sample faster and capture more
organisms by doing thus. I am absolutely
sure that this type of combination tech-
nology will be able to provide results in
four hours. That’s what I predict and it is
an exciting thought.

Prediction 5. Dipstick Technology
Will Provide Rapid Answers. Many

forms of dipsticks have been available for |

rapid screening of pathogens and today
are widely used in the food industry.
While they provide very fast microbial
detection and screening results, [ would
add to this prediction that we will see
advances in increasing the tool’s sensitiv-
ity. By this I mean that dipstick technolo-
gy will be improved in the furure so that

it detects not only the antigens but tox-
ins, as well. We must realize that dipstick
technology is used after preenrichment,
and the methods can provide results in
10 minutes but you need to have the cul-
ture enrched to about 10° organisms
before it will provide a sensitive reaction.

Prediction 6. Biosensors Will Be in
Place in HACCP Programs. [n 2002, I
said that we are a few steps away from the
ability to place biosensors in food pro-
cessing systems for the instantaneous
detection of pathogens in the food
matrix. And we are still a few steps away.
Again, there is no lack of sensors avail-
able, particularly if one considers momni-
toring of ATP, catalase, enzymes, pH,
oxygen gas, hydrogen gas, other metabol-
ic products, conductance, impedance,
capacitance, microcalonimetry, and so
on, as “biosensors” for microbial activi-
ties. These methods can be used success-
fully now, but they will not enable the
user to detect specific pathogens in “real
time,” and thus are not fully efficient for
use in the HACCP program.

The problem with biosensors is that is

very difficult to capture one target
pathogen in 25 grams and get it to inter-
act with the biosensor. The biosensor
itself is fantastic but if there is any inter-
ference the signal will not be accurate.
We must have good separation technolo-
gy tn order to utilize biosensors to their
fullest potential in terms of food tesung.

Prediction 7. Instant Detection of
Target Pathogens Will Be Possible By
Computer-Generated ~ Matrix  in
Response to Particular Characteristics
of Pathogens. In 1995, when [ first made
this prediction, 1 didn’t refer to the exact
method by which this instant detection
would be accomplished. Now, [ know
that this prediction is really refernng to
technological advances in microchips or
microarray biochips. With these chips
(one million dots on one small slide), we
can study different pathogenic genes and
their characteristics. We now can instan-
taneously flood a pure culture or prepa-
ration and very quickly get a reaction
with the target organisms. Microarray
technology allows you to test multiple
pathogens simultaneously. Today, we can
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test 10 pathogens and analyze each
pathogen for 10 specific genes. Given the
advances in microarray technology, we
soon should be able to detect 100
pathogens on one chip. With microchips
that are in development right now we can
detect Salmonella, E. coli and Campylobac-
fer genes. The organisms will hybridize
and by entering specific dyes, the organ-
1sms easily stand out.

An exciting aspect of this is that such
technology is moving us in the direction

will advance separation technology s
exceedingly important.

Prediction 9. A Rapid Microbiolog-
ical Alert System Will Be in Food
Packages. Advances are moving us closer
and closer to making this prediction
come true. As [ stated in the updated pre-
dictions for 2002, we know that micro-
bial cells during growth and spoilage will
generate a variety of compounds that can
be detected by various devices. There
now are sensors in food packages that can

sense CO,, pH, ammonia, and other
compounds. There s technology in
which antibodies from certain pathogens
are placed on the packaging film and if
the pathogen is present, it reacts with this
antibody and further reacts with another
antibody inside 2 unit that automatically
makes a sandwich ELISA test on the

packaging film.
[ also know companies that have beeq
continuing to develop the barcode color
(continued on page 60)

where it is possible to have one test that
can show us all the positives for
pathogens and all the viable cell counts
at once. [ predict that in the future there
will be microchip systems that will cap-
ture all of the important foodborne
pathogens known at that point and allow
for viable cell count so that the food
manufacturer will be able to release prod-
uct more efficiently. In many cases, prod-
uct is held until all test results are in, and
that means staggering the release because
frequently it takes five days for yeast and
mold and only two days for total count,
but you cannot release the product you
have the results for both. With 2
microchip, there is a real possibility of
muitiplexing, or having all pathogens
and bioburden on the same platform, so
that we could have a single test for col-
form, total count, yeast and mold, and
pathogens of interest.

Predicdon 8. Effective Separation,
Concentration of Target Cells Will
Greatly Assist in Rapid Identification.
This is the bottleneck of food microbiol-
ogy right now because we do not know
how to separate and concentrate target
cells efficiently. We always need to enrich
the organisms. Separation technology s
an area of great interest for development,

ncluding immunomagnetic, filtration, |
centrification and electrostatic attraction,

Decause it can save at least one day in the |
ennichment procedure of many pathogen
detection protocols such as PCR. ELISA,
gene probes and other methods. We need |

to identify better ways to concentrate the
cell and the targer organisms so that it is
possible to use new technologies like
microarray to analyze the sample. For
example, the problem with microarray is
that  one meat particle will ruin the
whole system. You can not have any
interference particles when you analyze
microarray samples. Developments that
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INSIDE MICROBIOLOGY

(continued from page 31)
change type of system that I've talked
about in previous updates, in which a
series of reagents is embedded in a unit
within the food package and when
enough of a certain gas (e.g., ammonia,
hydrogen sulfide, CO,, or pH changes) is
generated, a color change will occur sim-
llar to temperature-sensitive papers to
indicate a potential spoilage problem
exists and at what level of spoilage the
product has reached by the number of
bars that have changed color. I'm con-
vinced that this will be an excellent tool
for consumers, who will be able to throw
away spoiled food, as long as they are
educated about the color change.
Prediction 10. Consumer Will Have
Rapid Alert Kits for Pathogens at
Home. [t remains conceivable that rapid
alert kits for food spoilage and even
potential food pathogen detectors avail-

able for home use will be developed. I
know of some individuals who are trying
to make CO, detection technology into
solid state technology so that people can
check food packages for themselves at
home. As I stated earlier, we would stll
need a lot of consumer education. I am
also hopeful that these at-home microbi-
ological alert systems will do more than
just alert the consumer that a food is
potentially dangerous. It would be very
good if the kit provides information on
cooking and storing foods properly so
consumers can better protect themselves.

Food Safety Magazine: What are the top
pathogens of concern to the food industry?

Fung: Two years ago I stated that if I had
to give a top five list of microorganisms
of concern to the food industry, I'd
include Salmonella, Clostridium, Staphylo-
coccus, E. colt, Listeria monocytogenes, and 1
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still believe this is true. I also stated that
we need to monitor the various strains of
all these pathogens because these also
have antibiotic-resistant and toxigenic
characteristics or properties that are asso-
ciated with a large number of foodbome
illness outbreaks. Again, we should not
jump on the bandwagon of a “top five”
list; we must monitor all potentially
harmful pathogens in foods.

I think that the next wave of microbes
of concern will be viruses and protozoa.
Viruses are very hard to detect and while
we can detect them through molecular
biology methods, we cannot do so with
accuracy. The next major concern is how
to work with viruses; in other words, how
to extract them out of the food sample in
order to detect them. We also are starting
to worry about protozoa in water, fruits
and vegetables because of irrigation
methods that spread fecal material in the
water and on crops. When a foodborme
illness outbreak occurs, we often don'’t
know what the source of the problem is
at the outset and so we will first look for
bactena, yeast and mold. However, if the
source of the outbreak is a virus or pro-
tozoa, we have no idea. So I predict that
there will be more activity in food virolo-
gy and food parasitology.

Because of advancements in molecu-
lar biology, these techniques are now a
useful tool in the food lab and will likely
help us to more easily deal with viruses.
For example, PCR 15 useful in food virol-
ogy because it can amplify DNA and the
reverse-transcriptase RNA. In the same
vein, we can use food molecular biology
to very rapidly detect target microorgan-
1sms. At our annual International Rapid
Methods Workshop here at Kansas State
University, we coined another term sev-
eral years ago, “Food Molecular Biology
Day,” dedicaung one entire day of the
workshop to this topic. The use of food
molecular biology will definitely increase
in the near future because this feld
encompasses the identification and
detection of the genetic matenal of all
bacteria, yeasts, molds, viruses, parasites
and even higher organisms. O
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