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The importance of waterborne disease
outbreak surveillance in the United States

Gunther Franz Craun
Gunther F. Craun & Associates, Staunton, Virginia, USA

Abstract. Analyses of the causes of disease outbreaks associated with contaminated drinking water
in the United States have helped inform prevention efforts at the national, state, and local levels. This
article describes the changing nature of disease outbreaks in public water systems during 1971-2008
and discusses the importance of a collaborative waterborne outbreak surveillance system established
in 1971. Increasing reports of outbreaks throughout the early 1980s emphasized that microbial con-
taminants remained a health-risk challenge for suppliers of drinking water. Outbreak investigations
identified the responsible etiologic agents and deficiencies in the treatment and distribution of drinking
water, especially the high risk associated with unfiltered surface water systems. Surveillance informa-
tion was important in establishing an effective research program that guided government regulations
and industry actions to improve drinking water quality. Recent surveillance statistics suggest that pre-
vention efforts based on these research findings have been effective in reducing outbreak risks espe-
cially for surface water systems.
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Riassunto (L'importanza della sorveglianza delle epidemie delle patologie trasmesse con le acque negli
Stati Uniti). Lanalisi delle cause delle epidemie di malattie associate con I’acqua potabile contaminata
negli Stati Uniti ha contribuito ad indirizzare le misure di prevenzione a livello nazionale, di stato e
locale. Questo articolo descrive i cambiamenti nella natura delle epidemie di malattie nei sistemi idrici
pubblici fra il 1971 e i1 2008 e discute 'importanza del sistema di sorveglianza delle epidemie associate
all’acqua stabilito nel 1971, in un contesto di collaborazione. Un crescente numero di notifiche sulle
epidemie attraverso i primi anni 80 aveva sottolineato I'importanza dei microrganismi patogeni nelle
acque potabili. Le indagini sulle epidemie hanno permesso di identificare gli agenti eziologici respon-
sabili e le deficienze nei trattamenti e nella distribuzione delle acque potabili, specialmente il rischio
elevato associato con sistemi che utilizzavano acque superficiali non filtrate. Le informazioni derivanti
dalla sorveglianza sono state importanti per stabilire programmi efficaci di ricerca per indirizzare i
regolamenti governativi e le azioni industriali allo scopo di migliorare la qualita delle acque potabili.
Statistiche recenti sui dati della sorveglianza suggeriscono che le azioni di prevenzione basate sui risul-
tati di queste ricerche sono state efficaci nel ridurre 1 rischi di epidemie nei sistemi idrici pubblici.

Parole chiave: acque potabili, epidemiologia, sistemi di sorveglianza.

INTRODUCTION ing of waterborne outbreaks. The partnership has

HEALTH RISKS FROM WATER AND NEW CHALLENGES FOR THE FUTURE

Statistics on disease outbreaks associated with con-
taminated drinking water in the United States have
been collected and analyzed for various time periods
since 1920 [1-6]. These analyses have informed re-
search, regulatory, and industry actions to improve
drinking water quality and reduce waterborne dis-
ease risks. For example, the causes of outbreaks re-
ported during 1961-1970 [4] was deliberated during
Congressional committee hearings [7], contribut-
ing to the passage of the Safe Drinking Water Act
[8, 9]. This [4] also led to a partnership between the
US Environmental Protection Agency (EPA) and
Centers for Disease Control and Prevention (CDC)
to improve the detection, investigation, and report-

continued since 1971 with the periodic publication
of outbreak statistics associated with drinking and
recreational water, the most recent of which are for
2007-2008 [10, 11]. In this article, the Author focuses
on the changing causes of outbreaks in public water
systems during the past 38 years to illustrate the im-
portance of waterborne disease surveillance.

WATERBORNE DISEASE

OUTBREAK SURVEILLANCE

Public health agencies or health departments in
the states, US territories, and localities have primary
responsibility for detecting and investigating water-
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borne outbreaks, and during an outbreak investiga-
tion, they can request epidemiologic, environmental
health, engineering, and laboratory assistance from
the EPA and CDC. As part of the surveillance sys-
tem, outbreak information is voluntarily reported to
the CDC. This information includes characteristics
of the outbreaks (e.g, etiology, number of cases, ill-
ness severity, location), epidemiologic data (e.g, at-
tack rates, vehicle-specific risks), and results from en-
vironmental and engineering investigations (e.g., wa-
ter quality data, contamination sources, adequacy of
disinfection and other water treatment deficiencies).

The outbreak reports are evaluated by EPA and
CDC personnel to determine whether the epidemio-
logic evidence is sufficient to implicate water as the
probable source of illness. Outbreaks with limited
environmental data are included in the surveillance
database, but outbreaks that lack necessary epide-
miologic data are not. Single cases of chemical or
toxin poisonings may be included if drinking water
exposure is well documented. Additional information
about the surveillance system and criteria for evaluat-
ing outbreak reports is available in the most recently
published surveillance summary [10].

The surveillance system contains information for
953 outbreaks associated with contaminated drinking
water during 1971-2008; 88% (no. = 834) were associ-
ated with water intended for drinking. The remaining
outbreaks were associated with water not intended
for drinking (no. = 81) and water of unknown intent
(no. = 38). Legionellosis outbreaks associated with
contaminated drinking water were not systematically
included in the surveillance system until 2001; how-
ever, outbreaks that occurred before 2001 were re-
cently added to the database after a thorough search
of CDC and state health department records [10].

This article considers only those outbreaks reported
in public water systems. Of the 834 outbreaks associ-
ated with water intended for drinking, 733 (88%0) were
reported in public water systems; 12% were associated
with individual water systems (no. = 88) and bottled
or bulk water (no. = 13). A public system is defined as
either a community or non-community system that
provides drinking water through a distribution system
with at least 15 service connections or that regularly
serves at least 25 persons [12]. Community systems
serve the same persons year round; non-community

water systems serve the public but do not serve the
same persons year round. Of the 152 979 public wa-
ter systems in the United States, 34% are community
systems and 66% are non-community systems [12].
Community systems serve 77% of the US population
with 70% of this population supplied by systems that
use surface water [12].

DRINKING WATER REGULATIONS

The Safe Drinking Water Act of 1974 and its subse-
quent 1986 and 1996 amendments authorized the EPA
to set national standards to protect public drinking
water and its sources against naturally occurring or
man-made contaminants [9, 13, 14]. These standards
include health-based maximum levels for microbio-
logic, chemical, and other contaminants in drinking
water and water treatment performance criteria for
their removal or inactivation. The EPA regulations
apply only to public water systems. To help interpret
the outbreak statistics reported in this article, it is nec-
essary to be familiar with the various regulations and
when they were promulgated (7able ). Regulations
that protect against waterborne exposure to patho-
gens include the Surface Water Treatment Rule and
its amendments [15-21], the Total Coliform Rule [22-
25], and the Ground Water Rule [26, 27]. In addition,
the EPA periodically publishes a list of contaminants
that will be evaluated for potential regulatory action;
Legionella pneumophila was included in the 2009 con-
taminant list [28, 29].

The Surface Water Treatment Rule and its amend-
ments specify water-treatment techniques (e.g, filtra-
tion and disinfection), monitoring, and performance
criteria for systems that use surface water sources or
ground water sources that are under the direct influ-
ence of surface water. The 1989 rule required these
systems to reduce the source water concentration of
Giardia cysts and viruses by at least 99.9% and 99.99%,
respectively [15]. In addition, a detectable disinfect-
ant residual must be maintained throughout the en-
tire distribution system, and filtration performance
must be assured by monitoring turbidity levels. The
1998 rule specified 99% removal of Cryptosporidium
oocysts for filtered systems that serve 10 000 or more
people [16]. It also required more stringent turbid-
ity criteria and the monitoring of individual filters.

Table 1 | National regulatory requirements for microbial contaminants

Regulation

Total Coliform Rule

Surface Water Treatment Rule

Interim Enhanced Surface Water Treatment Rule
Filter Backwash Recycling Rule

Long Term 1 Enhanced Surface Water Treatment Rule
Long Term 2 Enhanced Surface Water Treatment Rule
Ground Water Rule

Date promulgated Compliance date

June 1989 December 1990
June 1989 December 1990
December 1998 January 2002

June 2001 June 2004-2006
January 2002 January 2003
January 2006 January 2009-2011
January 2007 December 2009



The 2002 rule extended Cryptosporidium removal
requirements to systems serving fewer than 10 000
persons, updated watershed control requirements
to include Cryptosporidium as a concern for unfil-
tered systems, and addressed risk trade-offs with
disinfection byproducts [17]. The 2006 rule required
additional treatment for all unfiltered surface wa-
ter systems and for filtered systems with significant
levels of Cryptosporidium in their source waters [18-
20]. Treatment requirements are based on levels de-
tected during monitoring. Systems serving at least
100 000 people began monitoring in October 2006,
and systems serving fewer than 10 000 people began
monitoring in October 2008. Compliance is required
within three years after monitoring results were avail-
able, and systems are required to conduct additional
monitoring six years after the initial monitoring to
determine if source water conditions have changed
significantly. The Filter Backwash Recycling Rule
[21] helps ensure that recycle practices do not com-
promise the ability of treatment plants to remove
pathogens, especially Cryptosporidium.

Coliforms in drinking water may indicate problems
with water treatment (e.g, the system’s treatment is
inadequate to deal with source water contamina-
tion or is not performing properly) or problems in
the distribution system. The Total Coliform Rule
requires public water systems to monitor for indica-
tors of fecal contamination and when coliforms are
found, take corrective action and report violations to
the state regulatory agency and the public [22, 23].
Corrective actions include upgrades to water treat-
ment or the distribution system and source water pro-
tection programs to prevent contamination. In 2007,
EPA established an advisory committee to evaluate
health risks associated with the degradation of water
quality in the water distribution system and to sug-
gest improvements to that rule [24]. Revisions to the
rule were proposed in 2010 [25] and addressed these is-
sues: cross-connections and backflow, mains repair and
construction, storage facilities, pressure and intrusion,
biofilm, nitrification, and contaminant accumulation.

The Ground Water Rule provides for increased pro-
tection against bacteria and viruses for systems that
use ground water sources or that mix surface and
ground water if the ground water is added to the dis-
tribution system without treatment [26, 27]. Periodic
sanitary surveys are required to identify wells and
springs that are susceptible to fecal contamination
and to evaluate treatment technologies, operation,
and management. Compliance monitoring is re-
quired to ensure that treatment reliably achieves 99.99
percent inactivation or removal of viruses.

OUTBREAKS REPORTED

IN PUBLIC WATER SYSTEMS

The 733 outbreaks reported in public water sys-
tems resulted in 579 582 cases of illness and 116
deaths (Table 2). Included among the 359 com-
munity system outbreaks is a single outbreak of 20

'WATERBORNE OUTBREAKS IN THE UNITED STATES

Table 2 | Waterborne disease outbreaks and illness severity,
public systems, 1971-2008

Water system type Number of Casesof Deaths
outbreaks illness

Community systems* 359 521617 83

Non community systems 353 57 641 4

Unknown system type 21 324 29

Total: public water systems 123 579 582 116

*403 000 illnesses and 50 deaths in one outbreak in Milwaukee 1993.

cases associated with both community and individ-
ual water systems. Included among the 353 non-com-
munity system outbreaks is a single outbreak of 1450
cases associated with non-community and individual
water systems. In these two outbreaks, wide spread
contamination of ground water affected both public
system and individual wells. For 21 public system out-
breaks, insufficient information was available to classi-
fy the system as either community or non-community.
Nineteen of the outbreaks with insufficient informa-
tion were legionellosis outbreaks that occurred before
2001 and had just recently been added to the surveil-
lance system; the other two outbreaks were associated
with contamination at the point of water use.

Although community and non-community water
systems reported a similar number of outbreaks, more
illnesses occurred in community system outbreaks.
Excluding the 403 000 illnesses in the 1993 Milwaukee
cryptosporidiosis outbreak [30, 31], outbreaks in
community systems had twice the number of illnesses
than outbreaks in non-community systems. The an-
nual number of outbreaks in public water systems
decreased throughout the 38-year period (Figure 1)
as did their magnitude (7able 3). From a peak of 45
outbreaks in 1981, only 6 outbreaks were reported in
1998. Since 2001, annual reports ranged from 7 to 17
outbreaks. In recent years, outbreaks occurred prima-
rily in small water systems with fewer cases of illness
being reported. The median number of illnesses re-
ported in public water system outbreaks during 2001-
2008 was one-fourth that reported 1971-1980.

Outbreak etiologies

An etiology was identified for 414 (56%) of the 733
outbreaks reported during 1971-2008 (Figure 2).
Pathogens were identified in 341 (46%) outbreaks;
parasites and non-Legionella bacteria were the most
frequently identified pathogens. Chemicals caused
acute illness in 73 (10%) outbreaks. Most frequently
identified were high levels of copper associated with
corrosive water and the overfeeding of fluoride or
sodium hydroxide during water treatment. These
three chemicals caused 26 (36%), 12 (16%), and 7
(10%) of the chemical outbreaks, respectively. Other
chemical contaminants included nitrate, herbicides,
pesticides, and various types of oil products. An eti-
ology was not determined in 319 (44%) outbreaks

HEALTH RISKS FROM WATER AND NEW CHALLENGES FOR THE FUTURE
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either because timely specimens were not collected
and analyzed or because laboratory analyses could
not identify an agent. In 317 of these outbreaks,
82 869 cases of acute gastroenteritis were reported;
two outbreaks resulted in 94 cases of severe watery
diarrhea that lasted for months. The outbreaks of
chronic gastroenteritis occurred in Illinois [32] in
1987 and in Oklahoma [33] in 1988.

Parasites

Giardia intestinalis was identified as the sole patho-
gen in 115 (87%) of the parasitic outbreaks and was
responsible for 28,161 cases. Cryptosporidium spp. were
identified in 12 (9%) parasitic outbreaks and caused
421 301 cases; 403 000 of these cases were attributed to
C. hominis in the Milwaukee outbreak. Two outbreaks
and 63 cases were attributed to Entamoeba histolytica,
and two outbreaks and 103 cases were attributed to
Cyclospora. An outbreak of C. cayetanensis, a rarely
reported source of drinking water outbreaks in de-
veloped countries, occurred in Puerto Rico in 2008
[10]; a previous cyclosporiasis outbreak occurred in
Chicago in 1990 [34]. The first association of a labora-

Table 3 | Trends in magnitude of waterborne disease outbreaks,
public systems, 1971-2008

Time period Cases of illnesses
Largest Mean Median
outbreak
1971-1980 8000 277 50
1981-1990 13 000 272 37
1991-2000* 403 000 3372 36
2001-2008 1663 83 12

*Excluding the Milwaukee outbreak, the largest outbreak resulted in
9847 illnesses (mean = 223 ).

Fig. 1 | Number of waterborne

disease outbreaks reported annually,

D D public water systems, 1971-2008
(no. =733).

tory-confirmed primary amebic meningoencephalitis
with a drinking water system occurred in 2002; two
previously healthy children died in Arizona [35]. The
children lived in a neighborhood that received water
from untreated wells. Naegleria fowleri was found in
water from a storage tank connected to one of the
wells, and the water tested positive for coliforms. In the
remaining two parasitic outbreaks, G intestinalis and
Cryptosporidium parvum were identified in one, and
G. intestinalis and E. histolytica were identified in the
other.

Non-Legionella bacteria

Shigella spp., including S. sonnei and S. flexneri,
were identified as the sole pathogens in 38 (45%)
of these outbreaks causing 9366 cases. S. typhi was
responsible for two (2%) outbreaks and 270 cases.
Other Salmonella spp., including S. enterica serovar
Typhimurium, were identified in 16 (19%) outbreaks
causing 4516 cases. Campylobacter spp., primarily
C. jejuni, caused 19 (22%) outbreaks and 5608 cases.
Pathogenic Escherichia coli caused seven (9%) out-
breaks. One outbreak of E. coli O6:H16 resulted in
1000 cases, and five outbreaks of E. coli O157:H7
caused 1236 cases; a serotype was not identified in
one outbreak of 1400 cases. One outbreak was caused
by Pleisiomonas shigelloides (60 cases) and another
by Providencia (55 cases). In the remaining four out-
breaks, more than one bacterial pathogen was identi-
fied: C. jejuni & Yersinia enterocolitica; C. jejuni & P,
shigelloides; E. coli O157:H7 & C. jejuni; E. coli O157:
H7, E. coli 0145 & C. jejuni.

Viruses

Norovirus was identified as the sole pathogen in
38 (66%) of the viral outbreaks and 14 398 cases.
Hepatitis A virus caused 19 (33%) outbreaks and
600 cases. Rotavirus caused one (1%) outbreak and
1761 cases.
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The 54 Legionellosis outbreaks resulted in 472 cases.
[llness was predominately due to L. pneumophilia sero-
group 1, but serogroups 3, 4, 5, and 6 were also identi-
fied as were L. anisa, L. micdadei, and L. dumoffi.

Mixed etiology
Seven  (1%)  outbreaks involved  mixed
agents. Non-Legionella bacteria and para-

sites were identified in four mixed-agent out-
breaks: C. jejuni., C. lari, Cryptosporidium spp.
& Helicobacter canadensis; Salmonella spp. &
G. intestinalis; S. sonnei, Cryptosporidium spp., G. in-
testinalis & Clostridium difficile; C. jejuni, Entamoeba
spp. & G. intestinalis. Two outbreaks involved bacte-
ria and norovirus. Norovirus genogroups I and IT and
C. jejuni were identified in one outbreak. Norovirus
genogroup I, Campylobacter spp., and Salmonella
spp. were identified in the other. The remaining
mixed-agent outbreak involved C. jejuni, norovirus,
and G. intestinalis. Mixed-agent outbreaks were most
reported frequently during 2001-2008.

Trends

This analysis considered the 364 pathogens iden-
tified in 341 outbreaks, 73 chemical outbreaks, and
319 outbreaks of undetermined etiology for a total
of 756 etiologies. The relative importance of each
etiology was determined by considering the propor-
tion of that etiology (e.g, G. intestinalis, chemical
etiology, undetermined etiology) among all of the
etiologies reported during each of four specified time
periods (Figure 3). Three 10-year periods and one 8-
year period were considered. Because outbreak sta-
tistics for 2009-2010 are likely to be available soon,
eight years was chosen for the most recent period to
allow for a convenient update of trends.

Most undetermined etiologies (57%) occurred
during the earliest time period of 1971-1980. The

Chemicals
10%

'WATERBORNE OUTBREAKS IN THE UNITED STATES

Mixed etiologies

1%

__——— Unidentifield
44%

Fig. 2 | Etiology of waterborne
disease outbreaks, public water
systems, 1971-2008 (no. = 733).

percentage of undetermined etiologies then de-
clined. During 1981-1990 and 1991-2000, undeter-
mined etiologies represented 44% and 39% of the
etiologies, respectively, and during 2001-2008, only
9% of the etiologies were of undetermined etiology.
The importance of chemical etiologies varied from
a low of 6% during 1981-1990 to highs of 11% and
14% during 1971-1980 and 1991-2000, respectively.
During 2001-2008, 9% of all etiologies were of a
chemical etiology.

Reports of parasitic agents decreased whereas re-
ports of viruses and Legionella increased (Figure
3). During 1971-2000, Legionella represented less
than 5% of the etiologies, but during 2001-2008,
Legionella represented 33% of all outbreak etiolo-
gies. Viruses represented 15% of etiologies during
2001-2008 but only 6% to 8% of the etiologies dur-
ing the preceding three decades. Norovirus repre-
sented 4% to 5% of all etiologies during 1971-2000,
but during 2001-2008, norovirus was identified in
15% of the etiologies (Figure 3). Hepatitis A vi-
rus represented 4% or less of the etiologies during
1971-1990 but was identified in only one outbreak
during 1991-2000 and none during 2001-2008.
Rotavirus was identified in only one outbreak re-
ported in 1981.

The importance of non-Legionella bacteria, as
a group, has increased slightly. During 1971-1990,
non-Legionella bacteria represented 11-12% of the
etiologies. It has represented 16-18% of the etiolo-
gies since 1991. Before 2000, Campylobacter spp.
represented less than 4% of the etiologies, but
these bacteria were identified in 12% of the eti-
ologies during 2001-2008. Pathogenic E. coli, pri-
marily O157:H7, represented less than 1% of the
etiologies before 1990 and 5% of etiologies during
1991-2000; however, only 2% of etiologies were
due to E. coli during 2001-2008. Shigella spp., and
Salmonella spp. have declined as important etiolo-
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Fig. 3 | Pathogens identified in
waterborne disease outbreaks,

public water systems
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gies. During 1971-1980, Shigella spp. represented
8% of the etiologies, and Salmonella spp. repre-
sented 3% of the etiologies. Each represented only
1% of etiologies during 2001-2008. S. typhi was
identified in only two outbreaks; one occurred in
1985 and the other in 1973.

Parasites have been an important etiologic agent
throughout the 38-year period but their impor-
tance has diminished (Figure 3 ).

Parasites represented 12% of the etiologies dur-
ing 1971-1980 increasing to 28% and 21% of the
etiologies during 1981-1990 and 1991-2000, re-
spectively. During 2001-2008, parasites represent-
ed 15% of the etiologies. G. intestinalis was iden-
tified in 12%, 26%, and 13% of etiologies during
1971-1980, 1981-1990, and 1991-2000, respectively
but only 8% of the etiologies during 2001-2008.
Cryptosporidium spp. was identified in 8% of eti-
ologies during 1991-2000 but only 3% of the etiolo-
gies during 2001-2008.

histolytica, Naegleria fowleri

Minor etiologic agents include P shigelloides
as the sole pathogen in one outbreak and one of
two pathogens in another outbreak, both reported
during 1991-2000. Y. enterocolitica and C. diffi-
cile were identified along with other agents in two
separate outbreaks during 2001-8. Providencia, N.
fowleri, and C. cayetanensis were also identified
during 2001-2008, each causing one outbreak.

Water system deficiencies

Investigators identified 720 deficiencies during
1971-2008. A single water system deficiency or source
of contamination was found in 685 outbreaks. Two
deficiencies were identified in 16 outbreaks and three
deficiencies were identified in one outbreak. In al-
most all (94%) of the multiple-deficiency outbreaks,
investigators found contamination from distribution
system mains, storage facilities or premise plumb-
ing (e.g., cross-connections or backflow) in addition
to contamination from untreated or inadequately



treated water. In 30 outbreaks, engineering and
environmental information was inadequate to
identify a deficiency.

The importance of each major deficiency cat-
egory was considered for the entire 38-year period
(Figure 4).

Inadequate or no treatment of ground wa-
ter (49%) and surface water (20%) were the two
most frequently reported deficiencies during the
38-year period (Figure 4). Outbreaks were also
caused by contamination of premise plumbing
(16%) and contamination of the distribution sys-
tem (10%). Premise plumbing refers to pipes and
storage facilities within a building or house. The
distribution system refers to pipes and storage fa-
cilities located outside a building or before entry
to the property line. For community systems, the
distribution system is under the control of the wa-
ter utility. Contamination of water at its point of
use (e.g, contaminated hose bibs or water stor-
age containers) was a minor cause of outbreaks
(1%).

In the five of the outbreaks attributed to inade-
quate water treatment, investigators did not iden-
tify a water source in one outbreak and in four
outbreaks both ground and surface water sources
were used. When both the water source and defi-
ciency are considered in an analysis, the four out-
breaks in mixed-source systems were considered
as surface water outbreaks. The one outbreak
with an unidentified water source was included
among those with insufficient information.

Inadequate water treatment

During 1971-2008, no treatment of ground wa-
ter (25%; no.= 189) was reported more frequently
than no treatment of surface water (2%; no. = 16).
Information about the source of contamination or
contributing factors was provided for 110 of the

Contamination at
point of use

M

Premise plumbing
deficiencies

16%

4%

Distribution system —__
deficiencies

10%

Insufficient information
_

o~ Inadequate, interrupted,
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untreated ground water outbreaks. Investigators
identified sewage overflow or seepage into the
ground water in 44% of these 110 outbreaks. In
an additional 18% of outbreaks, contaminants
from unspecified sources entered wells developed
in limestone or fissured rock aquifers. Ground
water was contaminated during heavy rains and
flooding in 22% of the outbreaks associated with
untreated ground water. Improper construction
and location too near a stream allowed contami-
nation by surface water in 8% and 4% of these
outbreaks, respectively. Chemical or pesticide
contamination was identified in the remaining 4%
of these outbreaks.

Inadequate treatment of ground water (24%;
no. = 177) was also reported more frequently
than inadequate treatment of surface water (17%;
no. = 131). Details of the treatment deficiencies
were available for 174 of these ground water out-
breaks. Almost all of these outbreaks occurred
in systems where disinfection was the only treat-
ment for pathogens and were due to either inad-
equate (40%) or interrupted (49%) disinfection.
Other treatment deficiencies for these 174 ground
water outbreaks included inadequate control of
chemical feed other than disinfection (7%), inad-
equate control or operation of filtration facilities
(2%), and improper filter design (1%).

Details of the treatment deficiencies were avail-
able for 130 of the 131 outbreaks caused by the
inadequate treatment of surface water. Most
deficiencies were associated with disinfection as
the only treatment, either inadequate (51%) or
interrupted (15%) disinfection. Other surface
water treatment deficiencies included inadequate
control of filtration (26%), inadequate control of
chemical feed other than disinfection (4%), by-
pass of filtration (2%), and inadequate or inter-
rupted disinfection with filtration (1%).

Inadequate, interrupted,
or no treatment of
surface water

20%

or no treatment of Fig. 4 | Deficiencies identified
ground water in waterborne disease outbreaks,
49% public water systems, 1971-2008
(no. =750).
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Distribution system and premise plumbing deficiencies

Most (55%) distribution system deficiencies dur-
ing 1971-2008 were due to cross-connections or
backflow events. Other distribution system deficien-
cies included contamination of storage facilities
(19%), broken or leaking water mains (15%), and
contamination of mains during construction, repair,
or flushing (9%). Legionella regrowth was identified
in 47% of the outbreaks where premise plumbing
deficiencies were reported. Also identified were:
cross-connections or backflow events (30%), corro-
sion byproducts of plumbing systems or drink-mix
machines (20%), and contamination of service lines
or in-building storage facilities (3%).

Trends

The relative importance of each deficiency was de-
termined in the same manner and for each of the same
four time periods considered for etiologies. The anal-
ysis considered 750 deficiencies, which includes the 30
outbreaks with unidentified deficiencies (Figure 5).
Unidentified deficiencies represented 2% to 4% of the
deficiencies reported during 1971-1990 and 6% of the
deficiencies reported during 1991-2008.

Point of use
contamination

Fig. 5 | Deficiencies identified

in waterborne disease outbreaks,
public water systems by time period,
1971-2008.

The majority (55%) of deficiencies during 1971-
1980 involved the use of contaminated ground wa-
ter that received either no treatment (29%) or inade-
quate treatment (26%). The use of untreated ground
water continued to be an important deficiency being
responsible for 24% of deficiencies during 1981-89,
26% during 1991-2000, and 17% during 2001-2008.
The inadequate treatment of ground water also con-
tinued to be important; it was responsible for 23%
of deficiencies during 1981-90, 28% during 1991-
2000, and 16% during 2001-2008.

The use of untreated contaminated surface water
was responsible for less than 3% of the deficiencies
during 1971-1990. Afterwards, the EPA regulations
required treatment for surface water sources. The inad-
equate treatment of surface water was responsible for
19% and 27% of all deficiencies during 1971-1980 and
1981-1990, respectively. As more attention was given to
surface water treatment, the importance of this defi-
ciency was diminished; only 8% and 3% of the deficien-
cies were due to the inadequate treatment of surface
water during 1991-2000 and 2001-2008, respectively.

Premise plumbing deficiencies have increased in im-
portance, and distribution system contamination con-
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Table 4 | Percentage of etiologic agents responsible for waterborne disease outbreaks, public systems by time period, 1971-2008

Etiology 1971-1980
(no. = 278)
Legionella 1%
non-Legionella bacteria 12%
Viruses 8%
Parasites 12%
Chemicals 11%
Unidentified etiology 56%
Mixed etiology 0
total 100%

tinues to be important. The contamination of premise
plumbing with Legionella was responsible for 36% of
the deficiencies during 2001-2008. During the same
time period, other pathogens or chemicals were respon-
sible 10% of the deficiencies. Contamination of distri-
bution system pipes and storage facilities was identified
in 8% of the deficiencies during 2001-2008 only slightly
less than the 9% to 12% in previous time periods.

Qutbreak risks

Although the relative importance of an outbreak
deficiency during each decade is informative, this
measure does not take into account changes that may
have occurred in water sources and treatment. This
is important when assessing risks associated with the
treatment for surface water sources. In 1986, infor-
mation became available about the number of public
water systems that used surface water and the type of
treatment that was employed [22]. At that time there
were 9527 public systems that used surface water. The
number increased to 13 608 systems in 1998 [36] and
14 371 systems in 2010 [12]. Outbreak rates computed
for the period 1971-1985 showed that community wa-
ter systems with disinfection as the only treatment for
surface water had an almost 8-fold higher outbreak
risk than systems with both disinfection and filtration
[37]. Outbreak risks for systems using untreated sur-
face water were similarly high.

For this article, I computed outbreak risks for public
systems using surface water during 1981-2008 using
water system inventory information available from the
EPA [22, 36, 38]. These risks consider only infectious
disease outbreaks; chemical outbreaks were excluded
from the analysis. Both the number and risk of out-

1981-1990 1991-2000 2001-2008
(no. = 232) (no. = 128) (no. = 95)
5% 4% 38%
11% 15% 11%
% 6% 14%
27% 20% 1%
6% 14% 10%
44% 40% 10%
<1% 1% 6%
100% 100% 100%

breaks declined for all three types of surface water
systems (Table 5). Outbreak risks for public systems
using untreated or disinfected-only surface water
during 1981-1990 were 5 to 6-fold higher than risks
for systems using filtered and disinfected surface wa-
ter. During 1991-2000, the outbreak risk for disin-
fected-only surface water systems declined consider-
ably but was still almost 2-fold higher than for filtered
systems. The outbreak risk for filtered surface water
systems decreased to about half of the risk seen dur-
ing 1991-2000.

During 1981-1990, six outbreaks were reported in
public systems using untreated surface water systems
and 39 outbreaks in systems providing only disinfec-
tion. The most recent outbreak associated with un-
treated surface water was reported in 1990. There
were five outbreaks associated with unfiltered, disin-
fected surface water systems during 1991-2000 and no
outbreaks have been reported in disinfected only sur-
face water systems since 1997. Outbreaks in filtered,
disinfected surface water systems decreased from 22
outbreaks during 1981-1990 to five outbreaks during
1991-2000 and three outbreaks during 2001-2008.
Two of the three outbreaks associated with filtered
systems since 2001 occurred in small non-community
systems that provided water to campgrounds and
resulted in 60 illnesses. The third outbreak of 1663
cases of gastrointestinal illness occurred in a commu-
nity water system supplied by surface water conven-
tionally treated with coagulation, settling, filtration,
and disinfection [10]. Investigators identified numer-
ous deficiencies in the operation and maintenance
of disinfection and filtration facilities including the
recycling of untreated filter backwash water. Filter

Table 5 | Outbreak risks associated with inadequate treatment, public water systems using surface water, 1991-2008

Infectious disease outbreaks per year per 10000 systems

HEALTH RISKS FROM WATER AND NEW CHALLENGES FOR THE FUTURE

Water source and treatment 1981-1990 1991-2000 2001-2008
Surface water, untreated 18.99 0 0
Surface water, disinfection only 16.05 1.08 0

Surface water, filtration and disinfection 3.18 0.56 0.31
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performance was adversely affected when backwash
water was routed directly to the treatment flow by-
passing the recovery basin and disinfection.

Less attention has been paid to outbreak risks in
ground water systems, but it is also important to
consider these because public systems using ground
water have decreased from 156 768 in 1998 [36] to
138 527 in 2010 [12]. The number of infectious dis-
ease outbreaks associated with untreated and inad-
equately treated ground water also decreased from
61 during 1991-2000 to 30 during 2001-2008 with
approximately half of the outbreaks in untreated
ground water systems. However, the outbreak risks
for untreated ground water systems remained rela-
tively stable with rates of 0.29 and 0.21 outbreaks
per year per 10 000 systems in 1991-2000 and 2001-
2008, respectively. Outbreak risks associated with
treated ground water systems declined slightly dur-
ing the same time periods from 0.68 to 0.40 out-
breaks per year per 10 000 systems. All except three
outbreaks during the past 18 years were due to inad-
equate or interrupted disinfection as the only treat-
ment for ground water. Three outbreaks occurred in
filtered and disinfected ground water systems; one in
1991-2000 and two in 2001-2008.

DISCUSSION

The US waterborne disease outbreak surveillance
system has largely been successful because of the
continued cooperation of public health profession-
als at the EPA, CDC and various state agencies.
This cooperation is necessary because the responsi-
bility for establishing national drinking water regu-
lations and conducting the accompanying health ef-
fects and water treatment research resides within the
EPA, whereas the responsibility for disease surveil-
lance resides within CDC. In addition, most states
have a similar arrangement where environmental
protection agencies are responsible for ensuring the
safety of drinking water while state public health
agencies are responsible for disease surveillance and
outbreak investigation. Even when both of these
responsibilities reside within the same state agency,
several different bureaus may be involved. In ad-
dition, outbreak investigation requires profession-
als with differing technical expertise, some of which
may be provided from sources outside the govern-
ment. Continued leadership at the federal and state
levels is necessary to ensure that outbreaks are de-
tected, investigated, and reported.

This review of the surveillance statistics describes
the causes of outbreaks associated with public water
systems and the changes that have occurred in the
etiologic agents, risk factors, and major deficiencies
during the past 38 years. Increased reports of out-
breaks in the early 1980s emphasized that microbial
contaminants remained a health-risk challenge for
suppliers of drinking water. Analyses of the causes
of these outbreaks helped focus attention on water
system deficiencies, especially the high risk of out-

breaks associated with unfiltered surface water sys-
tems, and this provided the stimulus for the research
that formed the basis for water system improve-
ments. Research included studies that demonstrated
the removal of Giardia cysts and Cryptosporidium
oocysts by water filtration and inactivation of par-
asites, viruses, and bacteria by disinfectants [39,
40]. All of the EPA rules to reduce microbial risks
contained a discussion of the waterborne outbreak
statistics that showed the need for intervention as
well as the remedies suggested by the research stud-
ies. Although surveillance statistics have provided
important information which is summarized below,
readers should be aware that they represent only a
portion of the incidence of outbreaks. Not all out-
breaks are recognized or reported [41] and outbreak
statistics do not reflect the burden of endemic water-
borne illness [42, 43].

Increased identification of etiologic agents

The decreased proportion of outbreaks associ-
ated with undetermined etiologies is likely due to
newly developed and improved laboratory diagnos-
tic tools to identify etiologic agents in clinical speci-
mens and water samples (e.g., detection of norovi-
rus). A contributing factor may be early outbreak
detection which allows for a more timely collec-
tion of clinical specimens and water samples. Both
timely collection and improved laboratory analyses
are important to identify waterborne pathogens of
emerging importance. The continued collaboration
of state public health and drinking water regulatory
agencies is required to ensure the early recognition
of an outbreak and its investigation. It is especially
important that prior arrangements are made to en-
sure adequate laboratory support during outbreak
investigations.

Decreased reports of outbreaks in public systems

The number of outbreaks associated with public
water systems has decreased, especially since the
peak reporting in the early 1980s. This decrease is
likely the result of national drinking water regu-
lations and improved water system management,
operation, and treatment practices. Improvements
were largely due to the cooperative efforts of the
EPA, public water systems, the American Water
Works Association, and the Association of State
Drinking Water Administrators. An example
of cooperative efforts is the Partnership for Safe
Water, whose objective is to improve water plant
performance, emphasizing the importance of de-
sign, operation, and monitoring of filtration and
disinfection [44].

Decreased importance
of inadequately treated surface water

There has been a decrease in both the proportion
of deficiencies and outbreak risks associated with
inadequately treated surface water in public systems.
The decrease is associated with the promulgation



of EPA regulations and water treatment improve-
ments to reduce risks in surface water sources from
Giardia and Cryptosporidium. During 2001-2008, no
outbreaks were reported in unfiltered surface water.
The three outbreaks associated with filtered water
systems during the same period, emphasize the im-
portance of proper operation and maintenance of
disinfection and filtration processes, especially for
small public systems.

Continued importance
of inadequately treated ground water

There has been no significant reduction in out-
break risks or the proportion of outbreaks associ-
ated with untreated or treated ground water. The in-
adequate or no treatment of ground water account-
ed for one-third of all deficiencies reported during
2001-2008. Sixteen outbreaks were associated with
public systems that provided treatment of ground
water during the past eight years. The over feed-
ing of sodium hydroxide was responsible for three
outbreaks. Eleven outbreaks occurred in disinfected
ground water systems; in six outbreaks, disinfection
was interrupted and in five disinfection levels were
inadequate.

In one of two outbreaks where filtration was
provided, the filter was not designed to remove
cysts and oocysts. The second outbreak involved a
spring under the direct influence of surface water.
After installing a slow sand filter, inadequate time
was allowed for formation of a schmutzdecke bio-
logical layer on the surface of the filter, and this re-
sulted in poor removal of pathogens. These ground
water outbreaks are a reminder not only of the po-
tential for contamination of source water but also
the need for increased attention to design of treat-
ment facilities and their proper operation. When
provided, treatment should be adequate to cope
with anticipated source water contamination and
operated without interruption. Implementation of
EPA’s Ground Water Rule [26, 27] should help de-
crease risks for ground water systems.

Increased importance
of premise plumbing contamination

The increased proportion of outbreaks associ-
ated with premise plumbing deficiencies is largely
due to Legionella regrowth. Legionella can grow
within premise plumbing water pipes, and pre-
vention of outbreaks requires careful attention to
maintaining water systems according to published
guidelines [45]. During 2001-2008, acute respira-
tory illness was reported in 38% of the outbreaks,
all associated with the amplification and dissemi-
nation of Legionella through premise plumbing,
pipes, and storage infrastructure. Two-thirds of the
outbreaks occurred in hospitals, nursing homes,
and other health care settings, demonstrating the
ability of Legionella to colonize the biofilms fre-
quently found inside the large, complex plumbing
systems of these facilities.

'WATERBORNE OUTBREAKS IN THE UNITED STATES

Continued importance
of distribution system contamination

The proportion of outbreaks associated with dis-
tribution system deficiencies is similar to premise
plumbing deficiencies when legionellosis outbreaks
are excluded from the analysis. Increased attention
to this problem is warranted because of the con-
tinuing occurrence of outbreaks as well as studies
that show the potential for contamination through
low pressure events [45] and need for infrastructure
improvements [46, 47].

CONCLUSIONS

This review illustrates the importance of a water-
borne disease outbreak surveillance system.

Surveillance statistics collected during the past 38
years in the United States have helped identify im-
portant water system deficiencies, guiding prevention
efforts at the national, state, and local levels.

Surveillance statistics have also demonstrated the
effectiveness of prevention efforts. Waterborne out-
break risks associated with the treatment of surface
water have declined significantly.

However, outbreaks due to other water system defi-
ciencies still occur, and continued surveillance is war-
ranted. Collaboration must be maintained among
current government and nongovernment partici-
pants for an effective US surveillance system.

Although the CDC has the primary responsibil-
ity for waterborne outbreak surveillance, the EPA
should continue to be an active partner because of
its regulatory and research responsibilities.

Timely knowledge about the etiologies and causes
of waterborne outbreaks has been, and will continue
to be, important in establishing research priorities
and recommending preventive measures.
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