Public Health Laboratories

from Microscopes to Microarrays
By Michael Skeels

W

hen I started working at the Montana
state laboratory in 1977, culture
media had recently replaced guinea
pigs for tuberculosis testing. Like most public
health laboratories (PHLs) of that era, we had no
automated instruments or computers, so we kept
manual records and reported our test results on
paper. We relied heavily on microscopes to identify
microorganisms, to perform immunofluorescence
tests, and to observe cell cultures for viral growth.
Our facility lacked biological safety cabinets and
other basic features to protect our workers.
For statewide gonorrhea screening, Transgrow
bottles were shipped hundreds of miles to Helena
in luggage-size containers to keep them warm (in
Montana). To control Streptococcus pharyngitis and
its complications, thousands of throat swabs were
mailed to us in silica gel envelopes. We were the only
Montana laboratory capable of rubella immunity
screening, and our highest volume test was syphilis
serology for prenatal and premarital exams.
The Center (singular) for Disease Control
provided the reference materials and reagents for
many of our methods, as well as virtually all training
for state PHL staff. We tested water for bacterial and
chemical contamination under the newly adopted
standards of the US Environmental Protection
Agency (EPA). Montana newborns were screened for
phenylketonuria and hypothyroidism by the Oregon
state laboratory’s regional program.
Fast-forward to 2010 at the new Oregon state
laboratory. We find that the primary mission of
PHLs remains basically the same—
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to support disease control activities, environmental
health, newborn screening, and laboratory
improvement. We still enjoy using our microscopes,
especially for immunofluorescence (rabies, syphilis),
Gram stains, viral cultures, TB smears, and artistic
endeavors such as parasitology. And, we still grow
pure bacterial cultures on artificial media in the
manner developed in 1880 by Robert Koch and his
assistant, Julius Petri.
However, in most ways today’s PHLs are very
different from those of the 1970s. Molecular tests
have replaced many conventional methods and
high-throughput automation has greatly increased
our operational efficiency. Web-enabled information
systems and electronic reporting can now provide
clients with instant access to results. Rapid response
to public health threats and emergencies is now
available 24/7/365. Quality management and
laboratory safety are vastly improved. Our clinical
laboratory partners now play an even stronger role
in supporting the public health system. Also, many
more PHLs now provide analytical chemistry to
support environmental public health, emergency
response, and biomonitoring activities. Here are a
few of the trends and challenges that continue to
shape PHL practice.

© 2010 University of Washington School of Public Health

From Phenotype to Genotype: For more
than a century, we have identified microbes based
on their physical and biochemical characteristics
(phenotype)—their morphology, staining, antigens,
and ability to metabolize various substrates. During
the past decade, we have moved toward genotype—
the underlying genetic sequences that determine
phenotype—to achieve more rapid and specific
microbial identification. This has taken two main
forms: restriction fragment mapping (“DNA
fingerprinting”) to reveal epidemiologic associations
between microbial isolates (such as distinguishing E.
coli from human, animal, food, and environmental
sources) and the direct detection of DNA or RNA
sequences of a specific bacterium or virus in clinical
samples. Direct detection of target sequences
provides much faster results (hours vs. days) and
better specificity. Examples include norovirus,
influenza viruses, Chlamydia, gonorrhea, anthrax,
and tuberculosis.
Newborn screening is on the verge of a similar
revolution. We currently test infants’ blood samples
for the “biochemical derangement” that precedes
the clinical onset of a metabolic, endocrine, or
hematologic disorder. This approach has been highly
effective since the 1960s for preventing disability
and death in thousands of children. However, as
new laboratory methods and clinical correlation
data become available, we will begin screening for
the specific DNA sequences associated with these
disorders. Some state laboratories have already begun
using DNA sequences to screen newborns for cystic

fibrosis and Severe Combined Immunodeficiency.
For both microbial and human nucleic acids, the
future lies in the use of the microarray—a “lab-ona-chip” that allows rapid, simultaneous multiplex
screening for many target sequences.
Information Management: Public health
laboratories are essentially mining operations
that process raw materials (samples) to extract
information that can be used for decision-making
in health care, epidemiology, environmental
protection, and public policy. Our work is not
finished until this information has been transmitted
quickly and accurately to our clients via modern
information systems with standardized messaging
and Web portals. Unfortunately, while the scientific
technologies in PHLs have generally kept pace, our
information technologies have often lagged behind.
There are gaps in our ability to exchange data
with other electronic medical records systems and
epidemiology databases. PHLs differ greatly in their
ability to manage information electronically, and
this remains a challenge
Private Sector Partnership: The quality and
capacity of clinical microbiology laboratories has
improved to the point that many specialized tests
that were once performed only by PHLs are now
widely available in the private sector. Relatively
less microbiology is being performed in clinical
laboratories because more infections are being
treated empirically (by observation). Simple test
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Above, the old state
public health laboratory
in Oregon. Below, photos
of the new state public
health laboratory. All
photos courtesy Michael
Skeels.

kits are used routinely for common
diseases (streptococcal pharyngitis,
influenza), providing results within
minutes at the point of care. These
advances are welcome but they
have created challenges for public
health agencies that historically
depended upon centralized PHLs
to provide surveillance data and
to confirm and type microbial
isolates for epidemiology. We must
reconceptualize the laboratory component of the
public health system as a network of public and
private sector laboratories working as partners to
assure the needed capacity.
Environmental Chemistry and Biomonitoring:
PHLs have long played a role in detecting and
preventing human exposure to lead, mercury,
pesticides, and many other chemicals, contributing
to environmental protection and risk assessment. A
new and important PHL activity is biomonitoring—
testing human samples to assess the body burden of
toxic environmental chemicals or their metabolites,
including metals, endocrine disruptors, and other
compounds contained in consumer products or
generated by industrial processes. Biomonitoring has
emerged as a significant new area of PHL activity
that will expand during the next several years.
Quality Improvement and Regulation:
Medical laboratories in the US must be certified
under the federal Clinical Laboratory Improvement
Amendments (CLIA) if they test human samples for
the purpose of diagnosis, treatment, or assessment
of health. When first passed in 1967, CLIA only
covered laboratories engaged in interstate commerce,
which meant only a small percentage of all clinical
and public health laboratories. Therefore, most
medical laboratories in the US, including most PHLs,
were unregulated until CLIA was amended in 1988,
greatly broadening its scope to include all
medical laboratories, regardless of their size
or complexity. During the past 20 years,
partly because of CLIA,
PHLs have progressed
from a narrow emphasis
on analytical quality
control—whether a given
test is working correctly—
to an integrated quality
management approach
that addresses pre- and
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post-analytical processes and continuous system
improvement. Ten PHLs, including the Washington
and Oregon state laboratories, are also accredited
by the College of American Pathologists, a nongovernmental organization that accredits many of
the nation’s largest private medical laboratories. A
parallel process exists for environmental laboratory
certification by the EPA and the National
Environmental Laboratory Accreditation Program
(NELAP).
Emergency Preparedness: Throughout their
history, PHLs have supported public health
response efforts for natural disasters, disease
outbreaks, environmental contamination, and
other emergencies. Since the anthrax incident of
2001, PHLs have greatly enhanced their analytical
capacity and responsiveness to all hazards, especially
biological and chemical terrorism agents. Increased
federal funding supports these efforts. National
and state laboratory response networks have been
created as collaborations between PHLs and clinical
laboratories, establishing a new model of cooperation
that represents the first-ever national laboratory
system of this type. Also, new relationships have
been developed with military, law enforcement, and
hazardous materials agencies to assure a prompt and
coordinated response to white powder incidents and
many other threats
Funding: Thirty years ago, most PHLs relied
on state revenues, with federal funds and fees
augmenting the core budget. Today, many PHLs
are heavily dependent on categorical federal funds
and testing fees to provide the most basic essential
services, with state funds providing only a small
percentage of the total budget. This shift has affected
every aspect of PHL work—the types of tests we do,
technologies, staffing, and facilities—because our
activities must now reflect federal priorities and feefor-service revenue opportunities. Though this has
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An act of bioterrorism:

buffered PHLs against state funding reductions, it
may not always serve the best interests of the state
programs we support.

Oregon, 1984

Fifteen years ago, I wrote in Laboratory Medicine:
Public health laboratories (PHLs) are vitally
important to community health, providing a
broad range of disease control, preventive health
care, environmental monitoring, applied
research, and laboratory improvement services.
Local, state, and federal PHLs work together
as a network to protect the public’s health. The
last decade has brought challenges to PHLs,
including accelerating technology, shrinking
funding, managed care, privatization, and
a public health shift toward chronic disease
prevention. The survival of PHLs will require
adaptability and responsiveness to these trends,
as well as increased emphasis on information
systems, genetic screening, national health
objectives, emerging infectious diseases,
expanded environmental testing, and public
and private partnerships.
PHLs have indeed survived, but I underestimated
just how adaptable and responsive we would need to
become. Organizational agility is a challenge within
a governmental structure, especially for laboratories
that must keep up with rapidly changing science and
technologies, recruit and retain highly trained staff,
and produce results in clinical real-time. Laboratories
are expensive to operate and must continually
prove their value to those they serve. To assure that
PHLs remain viable, we must support the essential
services of public health and our PHL leaders must
be flexible and creative. This will mean building
integrated partnerships with other laboratories,
remaining service-oriented in everything we do, and
committing ourselves to the highest standards of
quality and scientific excellence.

I

n September 1984, rural Oregon experienced America’s first
community bioterrorism attack, but health department investigators
didn’t realize it at the time. When more than 750 people became
ill with a unique strain of Salmonella in Wasco County, health officials
suspected accidental, rather than deliberate, contamination. Almost
all of the ill people either worked in, or had eaten at, one of ten
implicated restaurants in The Dalles, and they were clustered closely in
time. Therefore, a contaminated food item served in these restaurants
seemed like a plausible source of the Salmonella, although an exhaustive
investigation did not reveal one.
What public health officials couldn’t imagine is that followers
of Bhagwan Shree Rajneesh, who had established a commune in the
county, intentionally infected restaurant diners in The Dalles as part of
a plot to take over county government. Many people in Wasco County
suspected that commune members were responsible, and in February
1985, Congressman Jim Weaver gave a speech to this effect on the floor
of the US House of Representatives.
However, it wasn’t until October 1985, when, during an FBI/State
Police raid of Rajneeshpuram to investigate many types of criminal activity,
state laboratory director Michael Skeels discovered the smoking gun in
the commune’s medical laboratory—an open vial containing a strain of
Salmonella enterica Typhimurium that CDC matched to the outbreak
strain. The culture from this vial was genetically and biochemically
identical to the isolates from more than 750 patients and blue cheese
dressing from a salad bar. Commune members later testified that they had
poured Salmonella cultures on salad bar foods to test a plan to incapacitate
voters during an upcoming election, allowing Rajneeshee candidates to
win.
Skeels recalls, “The idea that someone had done this on purpose was
considered by our epidemiologists, but it seemed too far-fetched. No
group had claimed responsibility for the outbreak, there was no obvious
motive, and central Oregon hardly seemed a likely setting for bioterrorism.
We lost our innocence in this outbreak, and a similar epidemiologic pattern
today would make us immediately consider intentional contamination.”
Members of the commune were eventually convicted for a variety of
crimes, including tampering with a consumer product, wiretapping, arson,
immigration violations, and attempted murder. 

At top, Bhagwan Shree Rajneesh courtesy Oregon Historical Society
OrHi 98356. Underlay, one type of Salmonella bacteria as seen
through a microscope courtesy CDC Public Health Image Library.
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