Emerging Waterborne Pathogens
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lorida, with miles and miles of
beaches, important environments
such as reefs and wetlands, and an
abundance of springs, supports an estimated
20 million people. Water issues where quanti-
ty and quality are intricately linked are a part
of life in Florida, whether one is discussing
desalination, wastewater reuse, groundwater
protection, aquifer storage and recovery,
beach safety, restoration of the Everglades, or
septic tank issues.

Like all coastal states or countries,
Florida’s ground, surface, and coastal aquatic
environments are under increased stress from
anthropogenic activities. Nearly 90 percent of
the world’s population resides near coastal
areas, and the risks to water quality appear to
be increasing. The sources of the problems in
Florida often appear to be non-point sources
such as animals, cattle, dogs, wildlife, septic
tanks, sewer overflows, and stormwaters.

Because the hydrologic system is inter-
connected, one must be concerned with the
quality of water used for all purposes—sus-
taining life, communities, and economies.
Rainwater, surface water, groundwater,
coastal and beach waters are all interconnect-
ed, with the ecosystem itself connected to the
food supply. Poor water quality impacts the
integrity of these aquatic ecosystems, as well
as public health.

In recent years, more water professionals
have become aware of the risks of new and
emerging contaminants: newly identified
bacteria, protozoa, and viruses, as well as
toxic algae that plague fresh and marine sur-
face waters and groundwaters. While man-
agement strategies provide opportunities for
better water resource management such as
aquifer storage and recovery and reclamation
of wastewater, serious concerns about emerg-
ing contaminants and public health must be
addressed.

The Future and New Tools

In the era of the Human Genome
Project and the announcement of the com-
plete sequencing of the genetic information
that makes up a human being, it is clear that
the tools for characterizing microorganisms
exist. This genetic assessment also leads to
the knowledge of proteins and functions—in
this case, the potential for causing water-
borne disease. Identification of the microbial
hazards, occurrence, transport, and control
can all be addressed with the new methods
available. Methods that can be automated

through the development of instrumenta-
tion can be made field-ready. Our biggest
challenges will be building consensus meth-
ods, developing databases, and interpretating
the data.

* Source Tracking: Some molecular tech-
niques are particularly promising as a
means to identify the source of a contami-
nant. Without source identification, con-
tamination may not be contained.
Molecular fingerprints, host-specific genes,
and chemical constituents provide direct
evidence of source origin, while general
indicators provide virtually no information
about source.

Pathogen Identification: In order to begin to
identify risk, the type of pathogen present
should be identified and quantified. In most
cases, pathogens are non-cultivatable, and
polymerase chain reaction (the system used
to copy specific genes) will need to be used.
Direct evaluation of microbes in the distri-
bution system (Aeromonas, Mycobacteria),
groundwaters (viruses), and surface waters
(toxic algae) are now possible.

Waterborne Genomics: More than 16
waterborne microorganisms have been or
will be completely sequenced, thus allowing
the identification of the complete pathogen
loading of virulence genes, resistance (per-
sistence) genes, and potency genes.

Rapid Assessment: New instrumentation,
such as biosensors that use liquid-core
waveguides, will be used in the future to
identify the microbial contamination within
20 minutes and will have great application
to beaches and groundwaters, as well as the
problems that may occur in treatment
plants.

Bacterial Pathogens

Early in the 1800s when it became
apparent that disinfection of drinking water
could prevent waterborne disease epidemics
caused by bacterial pathogens such as
Salmonella typhi (typhoid fever), most peo-
ple thought that the days of waterborne bac-
terial epidemics were gone forever.
Unfortunately, this was not to be the case.
During the recent decade, there have been a
number of waterborne disease outbreaks
caused by bacteria such as E.coli 0157:H7, an
enteropathogenic strain of E.coli that was
first identified as a human pathogen in 1982
(Mead and Griffin 1998).

People infected with the organism can
experience severe bloody diarrhea with
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abdominal cramping. In small children and
the elderly, fluid replacement is of the utmost
importance for a full recovery. A common,
more serious complication of infection with E.
coli O157:H7 is hemolytic uremic syndrome
(HUS), which causes loss of red blood cells
and kidney failure. In severe cases, HUS can
cause permanent kidney damage or death.

E. coli O157:H7 has been shown to sur-
vive similarly to typical E.coli strains under
routine drinking-water conditions. The
largest outbreak of E.coli O157:H7 in the U.S.
occurred in 1989 in Cabool, Missouri, result-
ing in 243 cases and four deaths (Geldreich et
al., 1992, Swerdlow et al., 1993). The outbreak
was linked to the consumption of unchlori-
nated drinking water. The source of the water
for Cabool was deep groundwater wells with
no disinfection in the distribution system.
Disturbances to the distribution system
included the replacement of 43 water meters
and two line breaks. Disturbances to distribu-
tion systems may provide a pathway for infil-
tration from stormwater runoff or sewage
contamination.

In August 1999, unchlorinated well
water contaminated with E. coli was used to
prepare beverages and ice at the Washington
County Fair near Albany, New York, causing
more than 900 cases of illness with 65 hospi-
talizations and two deaths. Also in 1999,
more than 200 people in Petersburg, lllinois,
became ill after consuming contaminated
food and water at a festival that was being
held in a cow pasture.

To date, there has been one documented
waterborne outbreak of E.coli O157:H7 (two
cases) in Florida. This occurred in 1994 and
was associated with consumption of water
from a non-community water source that
had a treatment deficiency (CDC 1998).

Advanced techniques that combine stan-
dard cultural methods with enhanced PCR
detection methods have revealed the presence
of bacteria not previously associated with
waterborne disease transmission, such as
Mycobacterium avium. Mycobacterium
avium complex (MAC) has been isolated
from natural water and drinking-water dis-
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the fecal-oral and waterborne transmission
of Whipple’s disease (an intestinal lipodsys-
trophy disorder) is likely and has yet to be
fully investigated. A recent terrorist act asso-
ciated with the Klingerman Virus, which
causes dysentery with a high mortality,
means that genetically engineered enteric
organisms may now enter the waste stream
and the water cycle. Only through continued
monitoring studies and the application of
new technologies can one address the emerg-
ing microorganisms we are likely to see in this
next century in the water environment.
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