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Summary

Giardia intestinalis is the leading parasitic aetiology of human enteric infections in the United 

States, with an estimated 1.2 million cases occurring annually. To better understand transmission, 

we analysed data on all giardiasis outbreaks reported to the Centers for Disease Control and 

Prevention for 1971–2011. The 242 outbreaks, affecting ∼41 000 persons, resulted from 

waterborne (74.8%), foodborne (15.7%), person-to-person (2.5%), and animal contact (1.2%) 

transmission. Most (74.6%) waterborne outbreaks were associated with drinking water, followed 

by recreational water (18.2%). Problems with water treatment, untreated groundwater, and 

distribution systems were identified most often during drinking water-associated outbreak 

investigations; problems with water treatment declined after the 1980s. Most recreational water-

associated outbreaks were linked to treated swimming venues, with pools and wading pools 

implicated most often. Produce was implicated most often in foodborne outbreaks. Additionally, 

foods were most commonly prepared in a restaurant and contaminated by a food handler. Lessons 

learned from examining patterns in outbreaks over time can help prevent future disease. 

Groundwater and distribution system vulnerabilities, inadequate pool disinfection, fruit and 

vegetable contamination, and poor food handler hygiene are promising targets for giardiasis 

prevention measures.
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Introduction

Giardia intestinalis is the leading parasitic aetiology of human enteric infections in the 

United States [1]. An estimated 1.2 million cases of giardiasis and 3581 hospitalizations 

occur annually [2], resulting in US$34 million in direct hospitalization costs [3]. Giardiasis 

is typically characterized by gastrointestinal symptoms including diarrhoea, bloating, and 

abdominal cramps; asymptomatic infections also occur frequently [4, 5]. Ingestion of as few 

as ten Giardia cysts has been shown to cause infection in a dosing study [6]. Cysts are 

excreted in the faeces of an infected person or animal [7]. Infected individuals might excrete 
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up to a billion cysts in their stool each day for several months, and cysts are immediately 

infectious upon excretion [6, 8, 9]. Cysts are environmentally stable and moderately resistant 

to chlorine disinfection, and thus can survive in water, food, or on surfaces for prolonged 

periods of time [4, 7].

US national data on reported cases of giardiasis show a gradual decrease in disease rates 

from 1996 to 2001; subsequently, rates from 2002 to 2010 remained relatively stable, 

coinciding with the disease becoming nationally notifiable in 2002 [10]. A recent decline in 

reported cases during 2011 to 2012 has been noted [11]. For most cases of illness, the source 

of the infection cannot be identified, and thus data from national case reports cannot be used 

to describe pathogen transmission [10]. Insight into the major drivers of Giardia 
transmission could inform effective prevention messages and measures.

The transmission pathways of giardiasis in the United States have not previously been well-

described. Outbreak investigations provide an opportunity to gain insight into pathogen 

transmission. In the United States, local or state public health officials detect and investigate 

clusters of illnesses to determine whether there is a common source, as is the case in an 

outbreak; once an outbreak is detected, the investigation is used to find related cases of 

illnesses, to control the outbreak, and to prevent similar occurrences from happening in the 

future. Investigation methods and jurisdictions vary by state and locality, depending on local 

priorities and resources. States occasionally request epidemiological or laboratory assistance 

from the federal Centers for Disease Control and Prevention (CDC); CDC does not direct or 

participate in outbreak investigations without an invitation. States voluntarily report outbreak 

investigation summary information to CDC, and CDC has periodically published reports on 

disease outbreaks by mode of transmission since the early 1970s [12–15]. To date, there has 

been no overarching evaluation over several decades of the impact of changes to policies and 

surveillance activities, pathogen-specific risk factors, or patterns in outbreak occurrence. To 

gain a better understanding of Giardia transmission across all modes of transmission, we 

reviewed and analysed national data on all giardiasis outbreaks reported to CDC for 1971–

2011.

Methods

An outbreak was defined as two or more cases of giardiasis that were epidemiologically 

linked by time or location of exposure to a common source. Outbreaks were investigated by 

and at the discretion of local or state public health agencies, and states voluntarily reported 

outbreaks to CDC surveillance systems. Since 2009, enteric disease outbreaks have been 

reported to CDC via the electronic National Outbreak Reporting System (NORS) [12]. 

Before 2009, waterborne outbreaks were reported to CDC using standard paper-based 

reporting forms, starting in 1971 for drinking water-associated outbreaks and in 1978 for 

recreational water-associated outbreaks. Foodborne outbreaks were reported to CDC using 

standard paper-based reporting forms starting in 1973, and using standard electronic forms 

starting in 1998. Systematic reporting of enteric disease outbreaks resulting from person-to-

person, animal contact, environmental, and unknown transmission modes started with NORS 

implementation, although some outbreaks from these transmission modes were reported to 

CDC's foodborne outbreak surveillance system before 2009.
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For this review and analysis, we included data from all outbreak reports finalized as of 25 

February 2013 in CDC outbreak surveillance systems for which at least one listed aetiology 

was Giardia and the date of illness onset of the earliest case occurred during 1971–2011. To 

facilitate characterization of outbreaks, we analysed data elements that were consistently 

collected across the different outbreak surveillance systems and over time, including: state, 

year and month of illness onset of the earliest case, the number of outbreak-associated cases, 

the implicated pathogen(s), the setting of the outbreak, and the modes and vehicles of 

transmission. To describe contributing factors, we summarized data specific to each 

transmission mode, such as the type of drinking water system or the food preparation 

setting.

Descriptors for foodborne and other enteric disease outbreaks were maintained as reported 

to CDC. For waterborne outbreaks, we used the implicated water vehicle to classify the 

outbreaks as being associated with drinking water, recreational water, or other water. The 

drinking water category included outbreaks linked to contaminated drinking water or 

commercially bottled water. Implicated drinking water systems were categorized according 

to the U.S. Environmental Protection Agency (EPA) water system definitions for 

community, non-community, individual, or commercially bottled water [16]. Drinking water 

source was defined as groundwater, surface water, mixed, or unknown. Outbreak 

deficiencies, which characterize water system problems implicated during outbreak 

investigations, were previously assigned by a panel of CDC and EPA scientists that routinely 

reviews the outbreak reports. Outbreaks resulting from problems with the source water were 

classified as having untreated surface water or untreated groundwater deficiency. Outbreaks 

caused by circumstances at the treatment facility that allowed contamination, such as 

disruption in disinfection, were assigned treatment deficiency. Outbreaks involving problems 

in the distribution system under the jurisdiction of the water utility (e.g. cross-connection 

and backflow) were assigned distribution system deficiency. Outbreaks resulting from 

problems outside the jurisdiction of the water utility were assigned plumbing deficiency (e.g. 

cross-connection and back-flow within a building) or deficiency at point-of-use (e.g. 

contamination of a container). The recreational water category included outbreaks linked to 

contaminated untreated water (e.g. in lakes) or treated water (e.g. chlorinated or filtered) in 

at least partially man-made venues (e.g. in pools). The remaining waterborne outbreak 

category included outbreaks linked to consumption of non-potable or non-recreational water 

(e.g. drinking directly from a stream) and outbreaks in which the particular contaminated 

water source was undetermined. Data were summarized descriptively using SAS v. 9.3 (SAS 

Institute Inc., USA). To analyse the potential impact of drinking water regulations, the time 

period was divided into two periods: before implementation of the Surface Water Treatment 

Rule (SWTR) (1971–1989) and post-SWTR (1990–2011), a period in which several new 

microbial rules were implemented. Frequencies were compared using χ2 tests or Fisher's 

exact tests when expected cell counts were <5, and differences in mean number of annual 

outbreaks were evaluated using t tests.

Results

Giardia was implicated in 242 reported outbreaks during 1971–2011, which resulted from 

waterborne (n = 181, 74.8%), foodborne (n = 38, 15.7%), person-to-person (n = 6, 2.5%), 
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animal contact (n = 3, 1.2%), and unknown (n = 14, 5.8%) transmission (Table 1). The 242 

outbreaks were associated with 40 939 cases of illness. The median number of cases per 

outbreak was 18 (range 2–5449). Waterborne outbreaks resulted in the largest total number 

of cases (n = 40027, 97.8%) and the highest median number of cases per outbreak (23 

cases).

Waterborne giardiasis outbreaks peaked in the early 1980s, which correlated with the 

implementation of an EPA-funded project to support intensive water-borne disease 

surveillance in Colorado, Vermont, and Washington for 2-year periods during 1980–1983 

(Fig. 1) [17]. Following the implementation of NORS in 2009, reporting of giardiasis 

outbreaks resulting from person-to-person, animal contact, and unknown modes of 

transmission increased.

Giardiasis outbreaks occurred year-round but displayed a summer peak (Fig. 2). About half 

of all reported outbreaks started during June–September (51.6%), with July the most 

frequent month (17.8%). The summer peak was most pronounced for outbreaks associated 

with recreational water; only three of 33 outbreaks occurred outside the months of June– 

September.

Three-quarters of waterborne giardiasis outbreaks (n = 135, 74.6%) were associated with 

drinking water, followed by recreational water (n = 33, 18.2%) and other water (n = 13, 

7.2%). More than two-thirds of all reported drinking water-associated outbreaks (96 

outbreaks) occurred during the 19-year period 1971–1989; the remaining 39 outbreaks 

occurred during the 22-year period 1990–2011 (Fig. 3a). The mean annual number of 

reported drinking water-associated outbreaks decreased during the second time period (5.3 

in 1971–1989 vs. 1.8 in 1990–2011, P < 0.001); this difference was less pronounced but still 

evident after excluding outbreaks that occurred during 1980–1983 from the three states with 

intensive waterborne disease surveillance activities (3.9 vs. 1.8, P < 0.001). The first 

reported recreational water-associated giardiasis outbreak occurred in 1985; since that time, 

the annual number of reported recreational water-associated outbreaks ranged from zero to 

four.

For drinking water-associated outbreaks, plotting the deficiencies identified over the 41-year 

period revealed changes in the causes of outbreaks over time (Fig. 3b). Overall, the most 

common deficiencies were treatment (62.2%), untreated groundwater source (13.3%), and 

distribution system deficiencies (11.9%). Deficiencies in water treatment were identified for 

almost three-quarters (74.0%) of the pre-1990 drinking water-associated outbreaks and one-

third (33.3%) of outbreaks that occurred during 1990–2011 (χ2 = 19.5, P < 0.001). The 

mean annual number of outbreaks assigned treatment deficiencies also decreased after the 

1980s (4.2 vs. 0.7, P < 0.001). The proportions of outbreaks assigned untreated groundwater 

source deficiencies (6.3% in 1971–1989 vs. 33.3% in 1990– 2011, χ2 = 16.8, P < 0.001) and 

distribution system deficiencies (8.3% for 1971–1989 vs. 20.5% for 1990– 2011, Fisher's 

exact P = 0.074) increased after 1989, but the mean annual numbers of outbreaks assigned 

these deficiencies did not differ by time period. The last outbreak associated with an 

untreated surface water deficiency occurred in 1995.
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The majority of reported drinking water-associated outbreaks and outbreak cases involved 

community water systems (68.1% of outbreaks, 83.8% of outbreak cases) and systems with 

a surface water source (65.2% of outbreaks, 79.2% of outbreak cases) (Table 2). Drinking 

water-associated outbreaks most frequently involved systems serving a community/

municipality (43.9%), resort (9.5%), camp/cabin/recreational area (8.8%), or private 

residence (7.4%).

Most recreational water-associated outbreaks (n = 22, 66.7%) and outbreak cases (n = 9295, 

96.5%) were linked to treated recreational water venues (Table 3). Giardia was the only 

pathogen identified for most of these outbreaks (72.7% for both treated and untreated water), 

but most cases of illness resulted from outbreaks of multiple aetiologies (93.2% in treated 

water and 67.9% in untreated water). Of treated recreational water-associated outbreaks, the 

most common swimming venues were pools (50.0%) and wading pools (36.4%). Most 

(91.0%) outbreak cases resulted from three waterpark-associated outbreaks; two of these 

outbreaks, accounting for 8449 (90.9%) of all treated recreational water-associated outbreak 

cases, were caused by aetiological agents Giardia and Cryptosporidium. Among the 

untreated recreational water-associated outbreaks, most outbreaks (72.7%) and cases 

(94.7%) were associated with lakes. Outdoor areas/parks were the most frequent settings of 

untreated recreational water-associated outbreaks (36.4%), while beaches were the setting of 

the most resulting cases (67.9%).

For waterborne outbreaks associated with water other than drinking water or recreational 

water, the most commonly implicated water type was a river/stream, which was linked to six 

outbreaks (46.2%) and 48.4% of outbreak cases. Two outbreaks (15.4%) were associated 

with a puddle, canal, or swamp; two outbreaks (15.4%) were associated with wastewater or 

partially treated wastewater; one outbreak (7.7%) was associated with a spring, and two 

outbreaks had an unreported water type.

Most of the 38 foodborne outbreaks (60.5%) had no food vehicle reported; these outbreaks 

resulted in half of the foodborne giardiasis outbreak cases. Of the 15 with a food implicated, 

produce (20.0%) was the most commonly implicated food category, followed by ice (13.3%) 

and fruit (13.3%). Raw vegetables, a salad bar, unspecified vegetables, and fresh fruit were 

implicated in the produce and fruit-associated outbreaks. Chicken salad, home-canned 

salmon, ice cream, oysters, and sandwiches were each linked to one outbreak. There were 

three outbreaks for which either multiple foods or a meal were implicated but the particular 

contaminated ingredient was undetermined. These included an outbreak linked to lettuce, 

onions, coffee, and tea; an outbreak linked to chicken parmesan and lettuce salad; and an 

outbreak for which the food items were not specified. Of the 36 outbreaks with a food 

preparation setting identified, the most common settings were restaurant or delicatessen 

(44.4%), followed by private home (19.4%). Seven of nine foodborne outbreaks with 

information on contributing factors had involvement of a food worker or other food handler; 

one outbreak involving produce had contaminated raw product and process failures that 

permitted pathogen survival, and two outbreaks had factors related to inadequate cleaning or 

storage of food in a contaminated environment.
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Six person-to-person outbreaks were linked to 28 cases of illness. Settings of person-to-

person outbreaks included households (n = 3), childcare (n = 1), and unknown (n = 2). Three 

outbreaks and 20 outbreak cases resulted from animal contact transmission; these were 

associated with rabbits at a petting zoo, cattle at a farm, and a pet reptile at a long-term care 

facility.

Discussion

This review and analysis of national giardiasis outbreak surveillance data highlights the 

historical and ongoing ability of Giardia to cause outbreaks through multiple transmission 

routes. To our knowledge, this analysis is the first of its kind to examine giardiasis outbreaks 

associated with all modes of transmission over several decades and to summarize the 

outbreaks in the context of changes to policies and disease surveillance activities. The results 

provide insight into the impact of general and pathogen-specific prevention measures 

already undertaken, including drinking water regulations, pool codes, and food codes. The 

findings also help clarify which transmission modes and preventive measures have been 

important drivers of giardiasis outbreaks in the United States and suggest additional areas to 

target with future prevention efforts.

Most reported giardiasis outbreaks and outbreak cases were associated with waterborne 

transmission. Giardia is moderately chlorine-tolerant and is able to survive in untreated or 

inadequately chlorinated drinking or recreational water. Giardia has a low infectious dose, 

infected persons can excrete large numbers of infectious cysts for prolonged periods of time, 

and cysts can survive in the environment. Thus, if faecal waste from one infected person is 

diluted in a water body or supply, many others can become infected with Giardia by 

ingesting contaminated recreational or drinking water. The Clean Water Act (CWA) of 1972, 

which regulates pollutant discharges and quality standards for surface waters, was one of the 

first regulations to control waste discharge into surface waters that could potentially be used 

for drinking, agriculture, or recreation [18].

While most of the waterborne giardiasis outbreaks and outbreak cases were drinking water-

associated, the number of reported drinking water-associated outbreaks decreased after the 

1980s, possibly resulting from a reduction in outbreaks associated with treatment 

deficiencies (i.e. circumstances at the treatment facility allowed contamination). The Safe 

Drinking Water Act (SDWA) of 1974 authorizes the U.S. EPA to regulate the public 

drinking water supply for health-based contaminants, largely by focusing on water-treatment 

standards. The 1996 amendments added additional measures to increase source water 

protection, operator training, and funding for water system improvements [16]. No outbreaks 

with untreated surface water deficiencies were reported after 1995. These decreases in the 

proportion of giardiasis outbreaks associated with treatment and surface water deficiencies 

followed the implementation of several key drinking water regulations, including the 1989 

SWTR, which requires 99.9% removal or inactivation of Giardia in public water systems 

with surface water sources or groundwater sources influenced by surface water [19]. 

Additional protections from the 1998 Interim Enhanced Surface Water Treatment Rule, the 

2002 Long Term 1 Enhanced Surface Water Treatment Rule, and the 2006 Long Term 2 

Adam et al. Page 6

Epidemiol Infect. Author manuscript; available in PMC 2016 December 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Enhanced Surface Water Treatment Rule likely also help to reduce Giardia in public 

drinking water systems with surface water sources [20–22].

In contrast, untreated groundwater source and distribution system deficiencies were 

identified throughout the study period. The 2006 Ground Water Rule specifies monitoring 

criteria and corrective action requirements for public groundwater systems with documented 

deficiencies demonstrating a high risk for faecal contamination [23]. However, this rule does 

not address individual water systems (e.g. private wells), which the federal government does 

not have the authority to regulate. These systems were associated with about 8% of the 

drinking water-associated outbreaks in this analysis; however, these are difficult to detect by 

public health agencies and through outbreak surveillance, since they might only impact a 

single household or neighbourhood. Continued efforts to educate and motivate private well 

owners to inspect, maintain, and test the water from their private wells could improve water 

quality and reduce the spread of disease [24]. The continued occurrence of giardiasis 

outbreaks with distribution system deficiencies suggests that drinking water distribution 

system infrastructure vulnerabilities are an ongoing public health concern. In a separate 

analysis summarizing all drinking water-associated outbreaks in the United States from 

1971–2006, distribution system deficiencies were linked to 10% of outbreaks, and untreated 

groundwater source deficiencies were linked to 30% of outbreaks, indicating that efforts to 

remediate and prevent these types of deficiencies could have widespread public health 

benefits that extend beyond Giardia prevention [25].

Giardiasis outbreaks occur in both treated and untreated recreational water venues. 

Outbreaks associated with treated recreational water venues are preventable and indicate 

inadequate operation of the implicated venues, including failure to maintain appropriate 

chlorine and pH levels. Violations of disinfectant level and pH code standards have been 

well-documented in routine inspections of public treated recreational water venues, 

including wading pools [26]. These violations in wading pools are especially risky for 

pathogen transmission, as young children have the highest rates of giardiasis and ingest 

water during swimming activities [11, 27]. Requiring operators of public treated recreational 

water venues to successfully complete training to operate these venues has been associated 

with improved water quality [28, 29].

In contrast to treated recreational water venues, untreated recreational waters, by their 

nature, have a lack of available chemical remediation options. The Beaches and 

Environmental Assessment and Coastal Health (BEACH) Act of 2000 sets national water 

quality monitoring and reporting standards for the Great Lakes and marine coastal 

recreational waters [30, 31]. Still, even on days where the water quality is considered 

acceptable for bathing by bacterial indicator standards, crowded beach waters might contain 

human pathogens, including Giardia and Cryptosporidium, likely because of direct 

microbial input from bathers and re-suspension of sediment [32, 33]. Ultimately, the 

occurrence of inadequately maintained disinfectant and pH levels in treated recreational 

water venues and the lack of chemical remediation options for untreated recreational water 

venues underscore the need for healthy swimming behaviours (e.g. not swimming while ill 

with diarrhoea) to minimize water contamination and thus help prevent pathogen 
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transmission. Health communication campaigns can increase awareness of and possibly the 

practice of healthy swimming behaviours [34].

Poor hygiene practices by food handlers might have contributed to the occurrence of many 

foodborne giardiasis outbreaks: several of the outbreak reports cited a lack of hand washing 

and infectious, sometimes asymptomatic, food workers as the cause [35, 36]. Our finding 

that produce items were the most frequently identified foods in giardiasis outbreaks is 

consistent with studies of risk factors of sporadic giardiasis, which have found links between 

giardiasis and eating lettuce and green salads [37, 38]. There are numerous places in the 

production chain where produce can become contaminated, and many of the mechanisms of 

contamination have a water quality, sanitation, or hygiene component [39, 40]. These 

include contamination by irrigation water or runoff in the field, by water used in processing 

and packing, or by unwashed hands during harvesting, processing, packing, transport, or at 

point-of-use [40–42]. Prevention of produce contamination is especially important, since 

fruits and vegetables are often eaten raw without a step to inactivate pathogens [43]. 

Implementation of the Food Safety Modernization Act (FSMA) Proposed Rule for Produce 

Safety, when finalized, is expected to prevent future produce-associated outbreaks by setting 

safety requirements for produce on farms during growing, harvesting, packing, and holding. 

Requirements include setting standards for personnel hygienic practices, establishing a water 

quality profile for agricultural water, treating and applying soil amendments, controlling 

potential hazards introduced by animals, and keeping equipment, buildings, and tools 

cleaned and maintained [44].

Outbreaks with person-to-person, animal contact, environmental, or unknown transmission 

modes were the least commonly reported; however, there were only 2 years of systematic 

data collection available for inclusion in this analysis. Published studies have implicated 

person-to-person transmission of giardiasis in institutional settings such as child care and 

nursing homes that resulted in disease spread to caregivers, other contacts, or into the 

community [45–48]. The case counts from these person-to-person outbreaks were higher 

than those for the outbreaks included in this analysis; however, these occurred before the 

implementation of NORS and were not reported to CDC. Animal contact was implicated in 

only three reported giardiasis outbreaks, consistent with current molecular epidemiological 

data suggesting that animal contact transmission of giardiasis is relatively uncommon 

because animals are more often infected with species-specific assemblages that do not cause 

disease in humans [7].

There were several limitations to this review and analysis. National surveillance systems do 

not capture all outbreaks that occur, and epidemiological, laboratory, and environmental 

health information are not uniformly collected during outbreak investigations. This limits 

inferences that can be made using outbreak surveillance data and underscores the usefulness 

of uniform data collection during outbreak investigations [49], in addition to systematic 

reporting. The peak in reported waterborne outbreaks seen here during a period of intensive 

waterborne disease surveillance in three states indicates that the sensitivity of passive 

outbreak surveillance could be low and that detection and reporting can improve if resources 

are allocated to increase surveillance capacity at the state level. Differences in public health 

capacity or reporting practices across states and over time should be considered when 
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interpreting increases and decreases in reported outbreaks. Additionally, there were limited 

years of outbreak data for the non-water and non-food modes of transmission, thus caution 

should be exercised in interpreting the relative importance of the different modes of 

transmission in giardiasis outbreaks. The implementation of comprehensive enteric disease 

outbreak reporting through NORS is an important step to help standardize data collection 

across years and modes of transmission [12]. Additionally, the inclusion of multiple-

pathogen outbreaks in our analysis means that the number of outbreak-associated cases 

reported here includes an unknown number of cases of other illnesses. In particular, the 

magnitude of some recreational water-associated giardiasis outbreaks might have been 

driven by transmission of the extremely chlorine-tolerant parasite Cryptosporidium [50]; 

omitting the nine muti-pathogen outbreaks would have excluded 90% of outbreak cases 

from the recreational water outbreaks.

In summary, this analysis of giardiasis outbreaks reported to CDC over 41 years suggests 

that these outbreaks can be prevented when resources are allocated for preventive measures. 

Regulations, facilities, and services for drinking water treatment and management appear to 

have prevented waterborne transmission of giardiasis in public surface water systems. 

Groundwater and distribution system vulnerabilities might be promising areas to target with 

future preventive measures. Treated recreational venue maintenance and operation, in 

combination with health promotion efforts to improve swimmer hygiene in both treated and 

untreated recreational waters could prevent outbreaks associated with these settings. For 

foodborne outbreaks, focusing on food handler and consumer hygiene and the prevention of 

produce contamination could prevent outbreaks.

Molecular epidemiology has the potential to expand our understanding of Giardia 
transmission. The United States does not systematically perform molecular typing on 

Giardia isolates nationally, and molecular studies are seldom undertaken in outbreak 

investigations. Implementation of a surveillance system that incorporates molecular-based 

laboratory testing of Giardia specimens could enable the detection of additional outbreaks, 

including those associated with distributed food products or animal contact. Our findings 

demonstrate the need and value in investing resources in public health surveillance activities 

as a way to help evaluate preventive measures already in place and suggest areas where 

future efforts might decrease illness incidence. Each outbreak provides valuable information 

about pathogen transmission, and the lessons learned from examining patterns in outbreaks 

over time can be used to prevent future disease.
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Fig. 1. 
Giardiasis outbreaks, by year and mode of transmission, United States, 1971–2011 (n = 

242). The timeline below the figure outlines key changes in disease surveillance activities 

and systems. a Waterborne outbreaks reported from Colorado, Vermont, and Washington; 

these states received 2-year funding from the U.S. Environmental Protection Agency to 

support intensive waterborne disease surveillance.
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Fig. 2. 
Giardiasis outbreaks, by mode of transmission and month of first reported illness, United 

States, 1971–2011 (n = 241). Information on the month of first illness was missing for one 

outbreak associated with animal contact transmission.
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Fig. 3. 
Waterborne giardiasis outbreaks, by year, water vehicle, and outbreak deficiency, United 

States, 1971–2011. (a) Number of waterborne outbreaks, by year and implicated water 

vehicle (n = 181). a Waterborne outbreaks reported from Colorado, Vermont, and 

Washington; these states received 2-year funding from the U.S. Environmental Protection 

Agency to support intensive waterborne disease surveillance. (b) Deficiencies identified 

during drinking water outbreak investigations, by year, and timeline of key drinking water 

regulations and surveillance activities; each deficiency represents one outbreak (n = 135). b 

One outbreak was assigned an additional distribution system deficiency. c One outbreak was 

assigned an additional plumbing deficiency.
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Table 2
Aetiology, water system, water source, and deficiencies of drinking water-associated 
giardiasis outbreaks (n = 135) and outbreak cases (n = 30 237), United States, 1971-2011

Outbreaks Cases

Characteristic/category n (%) n (%)

Aetiology

 Giardia only 127 (94.1) 28 222 (93.3)

 Giardia and other pathogens* 8 (5.9) 2015 (6.7)

Water system†

 Community 92 (68.1) 25 329 (83.8)

 Non-community 30 (22.2) 3367 (11.1)

 Individual 11 (8.1) 50 (0.2)

 Non-community and individual 1 (0.7) 1450 (4.8)

 Commercially bottled water 1 (0.7) 41 (0.1)

Water source‡

 Surface water 88 (65.2) 23 948 (79.2)

 Groundwater 42 (31.1) 5804 (19.2)

 Mixed 2 (1.5) 312 (1.0)

 Unknown 3 (2.2) 173 (0.6)

Deficiency§

 Treatment 84 (62.2) 23 697 (78.4)

 Untreated groundwater 18 (13.3) 368 (1.2)

 Distribution system 16 (11.9) 3818 (12.6)

 Untreated surface water 8 (5.9) 197 (0.7)

 Plumbing 3 (2.2) 365 (1.2)

 Untreated groundwater and distribution system 1 (0.7) 1450 (4.8)

 Untreated surface water and plumbing 1 (0.7) 189 (0.6)

 Point-of-use contamination 1 (0.7) 41 (0.1)

 Unknown (tap water) 3 (2.2) 112 (0.4)

*
Multiple aetiological agents were identified during investigations of eight outbreaks. Giardia and Cryptosporidium were identified in two 

outbreaks, Giardia and Campylobacter were identified in one outbreak, Giardia, Campylobacter, and Entamoeba were identified in one outbreak, 
Giardia, Campylobacter, and norovirus were identified in one outbreak, Giardia and Entamoeba were identified in one outbreak, Giardia and 
Salmonella were identified in one outbreak, and Giardia, Shigella, Cryptoprodium, and Clostridium were identified in one outbreak.

†
Community and non-community systems are public water systems that are operated by a water utility and regulated for safety by the U.S. 

Environmental Protection Agency (EPA). Individual water systems are small systems that are not operated by a water utility and are not regulated 
for safety by the EPA.

‡
Surface water sources include lakes, rivers, reservoirs, and ponds. Groundwater sources include wells, springs, and other sources that extract water 

from an aquifer. Mixed sources are made up of both groundwater and surface water sources.

§
Deficiencies are identified by CDC and EPA scientists that review the outbreak reports; assigned deficiencies provide information about how the 

water became contaminated and help explain why the outbreak occurred.
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