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SUMMARY

Giardiasis is a common waterborne gastrointestinal illness. In 2007, a community giardiasis

outbreak occurred in New Hampshire, USA. We conducted a cohort study to identify risk

factors for giardiasis, and stool and environmental samples were analysed. Consuming tap water

was significantly associated with illness (risk ratio 4.7, 95% confidence interval 1.5–14.4).

Drinking-water samples were coliform-contaminated and a suspect Giardia cyst was identified in

a homewater filter. Onewell was coliform-contaminated, and testing indicated that it was potentially

under the influence of surface water. The well was located 12.5 m from a Giardia-contaminated

brook, although the genotype differed from clinical specimens. Local water regulations require

well placement at least 15 m from surface water. This outbreak, which caused illness in 31 persons,

represents the largest community drinking-water-associated giardiasis outbreak in the USA in

10 years. Adherence to well placement regulations might have prevented this outbreak.
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INTRODUCTION

Giardia intestinalis is a common cause of waterborne

gastrointestinal illness and the most common human

intestinal parasite identified by public health labora-

tories in the USA [1]. Each year about 20 000 cases of

giardiasis are reported in the USA, with most cases

occurring sporadically ; 1–2% of cases are associated

with an outbreak [2]. The most common routes of

transmission for sporadic giardiasis are person-to-

person contact, participation in recreational water

activities, and consuming untreated or treated but

unfiltered surface water and shallow well water [3–8].

Outbreaks of giardiasis most frequently occur through

person-to-person transmission in daycare centres and

through waterborne transmission in households with

a contaminated private water source. Since the Safe

Drinking Water Act of 1974 and its subsequent 1986

and 1996 amendments, large outbreaks associated

with community water sources are uncommon in the

USA (Table 1) [9–13].

We report identification of an outbreak of giar-

diasis associated with a community drinking-water

system and the resulting epidemiological, laboratory,

and environmental investigation. This outbreak is

noteworthy in that it was the largest outbreak of
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giardiasis associated with a community drinking-

water source in the USA in 10 years. Furthermore,

the outbreak was associated with groundwater, an

infrequent source of parasitic disease outbreaks.

MATERIALS AND METHODS

Detection of the outbreak

On 9 September 2007, the New Hampshire Depart-

ment of Environmental Services (NHDES) issued a

boil water order for a 205-home community serviced

by a common water system after routine water

sampling detected the presence of total and faecal

coliform bacteria within the distribution system. The

community water system was divided into a west

system (system A) and an east system (system B), with

a number of wells supplying each (Fig. 1). Although

the systems connected at one point through a valve,

prior to and during the outbreak the valve was closed

and the two systems were functionally separate, each

with distinct water sources. On 17 September,NHDES

received reports from two system A residents alleg-

ing infection with Giardia. NHDES notified the New

Hampshire Department of Health and Human Ser-

vices (NHDHHS) and an outbreak investigation was

initiated.

Case definition and case finding

Confirmed, probable, and suspect case definitions

were developed. Confirmed cases were residents of

system A or system B with a positive Giardia labora-

tory test result and onset of gastrointestinal illness on

or after 15 August or if asymptomatic, specimen col-

lection date on or after 15 August. Probable cases

were residents who experienced diarrhoea (o3 loose

stools in 24 h) on or after 15 August without a posi-

tive laboratory test and whose residence drew from

the same water system as a confirmed case. Suspect

cases were residents who experienced gastrointestinal

symptoms other than diarrhoea on or after 15 August

without a positive laboratory test and whose residence

drew from the same water system as a confirmed case.

Available communicable disease surveillance reports

from the months of August and September were re-

viewed to identify potentially related giardiasis cases.

Local hospital laboratories were asked to forward all

Giardia specimens to NHDHHS for additional test-

ing. A questionnaire administered as part of a cohort

study asked household members about gastrointesti-

nal illness in residents since 15 August.

Cohort study

A cohort study was conducted to identify risk factors

for giardiasis. The cohort study questionnaire in-

quired about water consumption habits, use of water

filtration devices, and details of gastrointestinal illness

experienced since 15 August. Questionnaires were dis-

tributed to water system customers on 21 September

and returned by mail between 22 September and

1 November. The survey was distributed to both

system A and system B residents because water system

Table 1. Drinking-water-associated outbreaks, USA, 1997–2006

Outbreak type

No. of
reported

outbreaks

No. of
outbreak-
associated

cases

All drinking-water outbreaks 131 8418
Non-Giardia drinking-water outbreaks 116 8137

Giardia non-community drinking-water outbreaks 10 171
Giardia community drinking-water outbreaks 4 69
Surface water 2 56
Groundwater 2 13

Source : CDC Surveillance Summaries [9–13].

Community and non-community water systems are public water systems that have
at least 15 service connections or serve an average of at least 25 residents for at least
60 days per year. A community water system serves year-round residents of a

community, subdivision, or mobile home park. A non-community water system
serves an institution, industry, camp, park, hotel, or business.
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distribution details were unclear at the time of sur-

vey distribution. Statistical analyses were conducted

using SAS version 9.1 (SAS Institute Inc., USA).

Univariate methods were used to evaluate attack rates

of giardiasis for exposures and to calculate measures

of association (risk ratios) between various water

exposures and giardiasis. Corresponding 95% con-

fidence intervals were used to assess statistical sig-

nificance. A multivariate analysis using hierarchical

backwards elimination of a logistic regression model

was conducted to evaluate relationships between

significant exposures identified in the bivariate

analysis.

Environmental investigation

Following issuance of the boil order, NHDES staff

and the water system operator conducted a sanitary

survey of the water system to assess potential entry

point(s) of bacterial contamination, which included

inspections of water system pumping facilities, atmos-

pheric storage tanks, piping access points, and water

sources. Additionally, NHDHHS and NHDES staff

conducted numerous field visits to the system to

assess other factors that may have been related to the

outbreak and to collect water and environmental

samples.

Laboratory investigations

Human specimens

Stool specimens collected by private healthcare

providers were sent to local hospital laboratories

to undergo direct fluorescent antibody (FA) testing

using the Merifluor Cryptosporidium/Giardia kit

(Meridian Bioscience, USA) to identify Giardia. All

available specimens were sent to NHDHHS for fur-

ther testing. Additionally, NHDHHS offered resi-

dents free Giardia stool testing. Specimens sent to

NHDHHS for FA testing were subsequently sent to

the Centers for Disease Control and Prevention

(CDC) for polymerase chain reaction (PCR) testing

and subtyping. At CDC, after washing specimens

twice in distilled water, genomic DNA was extracted

from 0.2 ml of the washed faecal pellet using

FastDNA Spin kit for soil (BIO 101, USA) according

to the manufacturer’s instructions. Giardia cysts pres-

ent in the specimens were genotyped by nested PCR

amplification of a 532-bp fragment of the triosephos-

phate isomerase (TPI) gene [14]. All secondary PCR

products were sequenced on an ABI3100 Genetic

Analyzer (Applied Biosystems, USA) to identify the

genotype and subtype present, using ABI BigDye

Terminator version 3.1 Cycle Sequencing kit (Applied

Biosystems). Each specimen was analysed at least
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Fig. 1. Schematic of water system, giardiasis outbreak investigation, New Hampshire, 2007.
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twice by PCR. DNA of G. duodenalis assemblage D

was used as the positive control in all TPI-based PCR

analysis.

Home water filtration devices

The cohort study survey assessed water filtration de-

vices used in the home. Respondents with home water

filtration devices were contacted and asked to submit

the filter for testing. One water pitcher filter (carbon

filter) from a system A home was sent to CDC for

Giardia testing using FA and differential interference

contrast (DIC) microscopy and PCR. The housing

of the filter was cut using a sterile scalpel and the

carbon filter particles transferred to sterile bottles

for elution of Giardia cysts. The laureth-12 eluent

specified by United States Environmental Protection

Agency (USEPA) Method 1623 [15] was used to elute

the carbon filter particles using 1 min of hand shaking

followed by 10 min on wrist action shaker. The

samples were then allowed to settle, and the super-

natant was poured through a 70-mm sterile nylon

cell strainer into 50-ml tubes. A second elution of the

carbon particles was performed using the same pro-

cedures. The filtrate from both elution steps was

pooled in a 200-ml centrifuge tube and centrifuged at

4000 g for 30 min at 4 xC. Supernatant was removed

and the remaining pelleted material (y1 ml of packed

pellet) subjected to immunomagnetic separation

(IMS) in two separate IMS reactions. Giardia cysts

in one of the IMS suspensions were processed for

FA and DIC microscopy by USEPA Method 1623

[but 4k,6-diamidino-2-phenylindole (DAPI) staining

was not performed].

Giardia cysts in the other IMS suspension were

used directly in DNA extraction for PCR without cyst

detachment. DNA was extracted using the QIAamp

DNA Mini kit (Qiagen, USA) after the cysts were

subjected to five cycles of freeze-thaw (x70 xC for

30 min and 56 xC for 30 min) in 180 ml ATL buffer

from the QIAamp kit, and overnight digestion in

1 mg/ml of proteinase K (Sigma, USA) at 56 xC.

Giardia genotypes and subtypes in the 100 ml of ex-

tracted DNA were determined by TPI–PCR and

sequenced as described above. EachDNApreparation

was analysed five times by PCR, using 2 ml of

extracted DNA per PCR.

Water distribution samples

Water distribution samples from system A and

system B were collected and tested for total and faecal

coliforms on 6 September. Repeat samples were

collected on 9 September and then regularly during

the following 2 weeks until two consecutive samples

collected at least 24 h apart were coliform free.

Samples were analysed for total and faecal coliforms

at a private laboratory.

Well water samples

Well water was collected from both wells that

served system A on 9 September and tested for total

and faecal coliforms by a private laboratory and

NHDES. After faecal coliforms were identified in one

well (well X) additional well X water samples, each

y1000 l, were collected by the water operator on

18 and 24 September and sent to a private laboratory

for Giardia testing using the USEPA Method 1623.

A final well X water sample was collected on

7 November by NHDES for microscopic particulate

analysis (MPA) for analysis and evaluation of the

likelihood that the well was under the direct influence

of surface water. The method included pumping

y2140 l of groundwater from the well through a

1-mm, woven honeycomb filter over the course of an

8- to 12-h period at 3.8 l/min. Prior to passing dis-

charge water through the filter, field screening of well

discharge water was performed for pH, specific con-

ductance, dissolved oxygen, and temperature over an

approximate 14-h period to ensure that well-water

chemistry stabilized prior to filter collection. The filter

was then packaged and sent via standard chain of

custody protocols by overnight courier to the USEPA

Region 10 laboratory for MPA analysis by USEPA’s

1992 Consensus Method for MPA Analyses [16]. A

72-l well X water sample was also sent to CDC for

Giardia testing. The CDC processed the well-water

sample using the ultrafiltration method of Hill et al.

[17]. The pelleted material (y0.5 ml) from the filter

elution was split into two aliquots and each aliquot

processed by IMS. Purified Giardia cysts from one

of the IMS reactions were analysed by FA and DIC

microscopy by USEPA Method 1623 [15] (but DAPI

staining was not performed). Giardia cysts from the

other IMS reaction were analysed by nucleic acid ex-

traction and TPI–PCR [14] as previously described

for the materials eluted from the home water filtration

device.

Surface water samples

A 34-l sample of surface water from the brook adjac-

ent to well X was collected on 9 October and sent to

CDC for Giardia testing. The sample was collected
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in two successive aliquots whereby the sampler waded

into the surface water (brook) surrounding the well at

two different locations and sequentially filled one half

of the 40-l polyethylene cubitainer by successively

dipping a 1-l HDPE grab sample bottle into the sur-

face water and transferring water into the cubitainer

with a plastic funnel. One sampling location was

y25 m east of the well (side stream) and the other

location y13 m south of the well (upstream). At

CDC the sample was concentrated by ultrafiltration

according to the method of Hill et al. [17] and cen-

trifuged (resulting in a packed pellet of y1 ml), and

tested for Giardia by IMS/FA and TPI–PCR as pre-

viously described for the materials eluted from the

home water filtration device.

Beaver samples

Weather during the late autumn and winter prevented

beaver trapping until the following spring, March

2008. Beavers from the surface water habitat were

collected. Necropsies were performed, and faecal

samples were obtained from the beavers within 24 h

of death. Samples were sent to CDC for DNA ex-

traction and Giardia testing by PCR, using the same

techniques as in the analysis of human specimens.

RESULTS

Case definition and case finding

Thirty-one confirmed (n=17) and probable (n=14)

cases affecting 27 (63%) of 43 responding system A

households were identified; four suspect cases were

also identified. No confirmed cases were identified

in system B; therefore, no system B residents met

the confirmed, probable or suspect case definitions.

Of the 31 cases, 18 cases were identified through the

cohort study, 12 were dually identified though routine

communicable disease surveillance and the cohort

study, and one was identified only through routine

communicable disease surveillance. Four (15%) of

27 case households were home to two case-patients ;

in three of the four households, cases became ill

several days apart and are potential secondary cases.

The median age of cases was 49 years (range 3–83

years). Children aged <5 years accounted for one

(3%) of 31 cases. Sixty-one per cent of cases were

male. Patients had illness onsets from 20 August to

25 September (Fig. 2). Of 30 patients with clinical

information, symptoms reported included diar-

rhoea (87%), abdominal cramps (83%), fever (23%),

vomiting (23%), and bloody diarrhoea (10%). Re-

ported duration of illness ranged from 2 to 30 days.

Fourteen (54%) of 26 patients with diarrhoea re-

ported experiencing recurrent diarrhoea, defined as

diarrhoea that resolved for more than 1 day and later

returned. Eighteen (60%) of 30 cases sought medical

care. No deaths or illnesses requiring hospitalization

were reported.

Cohort study

Two hundred surveys were distributed to system A

and system B households. Sixty-two (31%) house-

holds returned completed surveys. Because no system

B residents met the case definition, only residents of
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Fig. 2. Timeline of the outbreak, giardiasis outbreak investigation, New Hampshire, 2007. &, Confirmed cases (n=17) ;
, probable cases (n=14).
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system A were included in the analysis. Forty-three

(36%) of 128 system A households returned surveys,

which included information on 100 individual resi-

dents. The four suspect cases were excluded from risk

factor analysis and one laboratory-confirmed case

refused participation in the cohort study. Consuming

tap water was significantly associated with illness

(Table 2). Of 63 individuals who consumed tap water,

27 (43%) reported illness compared with three (9%)

of 33 who did not consume tap water [risk ratio (RR)

4.7, 95% confidence interval (CI) 1.5–14.4). Drinking

four or more cups of tap water a day increased the

risk of infection (RR 5.0, 95% CI 2.5–10.0), and

a significant trend was detected between drinking in-

creasing amounts of tap water and increased risk of

infection (x2 test for trend=28.9, P<0.001). Bottled

water was a protective exposure (RR 0.4, 95% CI

0.2–0.9) in the univariate analysis since respondents

who drank no tap water were 17.6 times more likely

to drink bottled water (P value<0.001). Given the

relationship between tap water and bottled water

consumption, bottled water was no longer signifi-

cantly protective in a multivariate logistic regression

model in which only consuming tap water remained a

significant risk factor for infection.

Environmental investigation

The 205-home community was rurally located in

the northeastern part of New Hampshire. Sewer ser-

vice was not provided to the community, and each

home maintained their own on-lot septic system. The

community drinking-water system was historically

divided into a west (system A) and an east (system B)

system (Fig. 1). Although the systems connected at

one location through a closed valve, the two systems

were functionally separate, each with distinct water

sources prior to and during the outbreak. System A

was served by two groundwater wells and system B

was served by four groundwater wells. The water-

supply well types were believed to be drilled in bed-

rock based on water screening parameters although

the depth of each was not known. Water from the

six wells was neither treated nor filtered prior to dis-

tribution. The four system B wells and one of two

system A wells were permitted and approved by

NHDES. The second system A well (well X), was

located y41 ft (12.5 m) from a brook. NHDES

regulation requires well placement at least 50 ft (15 m)

from surface water. Well X had been brought online

by the previous owner of the water system without a

NHDES permit. A site visit to the brook revealed

prominent evidence of beaver, including beaver chew

in the water and presence of a beaver dam. Upstream

from the brook was predominantly national forest

with a smaller area occupied by a mixed seasonal

community ; however, no significant human inter-

action with the brook was identified.

Water systems in New Hampshire are required to

submit monthly water-system distribution samples

for coliform testing. Routine samples from the water

system collected on 13 August were not contami-

nated with coliform bacteria. After routine bacteria

sampling on 6 September, distribution samples from

Table 2. Risk factors for illness in system A cohort study survey respondents (n=100), giardiasis outbreak

investigation, New Hampshire, 2007

Exposure

Exposed Unexposed

RR 95% CIIll AR Ill AR

Bottled water 5/34 15% 25/62 40% 0.4 0.2–0.9
Water from refrigerator dispenser 8/15 53% 22/81 27% 2.0 1.1–3.6

Water from tap*# 27/63 43% 3/33 9% 4.7 1.5–14.4
Daily water consumption

0 cups 1/24 4% 29/72 40% 0.1 0.0–0.7

1–3 cups 7/36 19% 23/60 38% 0.5 0.2–1.1
o4 cups 22/33 67% 8/60 13% 5.0 2.5–10.0

Use of a home water filtration device 6/17 35% 22/77 29% 1.3 0.5–3.1

Gender (male) 18/44 41% 12/52 23% 1.5 1.0–2.3

AR, Attack rate ; RR, risk ratio ; CI, confidence interval.
* x2 test for trend=28.9, P<0.001.
# In a multivariate logistic regression model, only consuming tap water remained significantly associated with infection.
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system A were found to be contaminated with total

and faecal coliforms; subsequently, requisite repeat

sampling included coliform testing of raw water from

the individual wells servicing system A. Faecal coli-

forms were identified in well X on 10 September, and,

as an initial response, well X was hyperchlorinated

on 11 September. Repeat coliform testing of distri-

bution samples were negative following hyperchlori-

nation; however, chlorine residuals were high in the

samples and invalidated the bacteria assay. After

chlorine residuals dropped, distribution samples were

again total and faecal coliform-positive indicating

ongoing system contamination. On 21 September,

well X was disconnected from the system, after which,

no faecal coliform-positive distribution samples were

obtained.

Laboratory investigation

Human specimens

Human stool specimens from 14 patients were tested

at a private laboratory and were FA positive for

G. intestinalis. Additional human stool specimens

from three patients submitted to NHDHHS and later

sent to CDC for subtyping were FA- and PCR-

positive for G. intestinalis. The G. intestinalis was

identified as assemblage B, and the three specimens

exhibited a single subtype that had partial TPI

sequence (530 bp) identical to DQ789113 deposited in

the GenBank database. The three human specimens

were unrelated patients that lived on three different

streets in the affected community.

Home water filtration devices

Microscopy testing of the home water filter sample

resulted in observation of one suspected Giardia cyst

based on particle fluorescence, shape, size, and other

morphological characteristics. PCR testing of separ-

ate aliquots of the filter sample did not detect the

presence of G. intestinalis.

Water distribution samples

Routine water samples collected on 6 September were

contaminated with total and faecal coliforms. Daily

distribution samples were collected until two con-

secutive samples collected at least 24 h apart were

negative for coliforms, which occurred after the

implicated well was removed from the system on

21 September. No water distribution samples were

tested for Giardia.

Well water samples

Upon identification of the outbreak, water samples

were collected from both wells that served system A.

One well, well X (Fig. 1), was contaminated with total

and faecal coliforms. Additional water samples from

well X were collected in September and tested at a

private laboratory; no Giardia cysts were found.

Giardia was not detected by microscopy or PCR in

final well-water samples collected by NHDES in

November and sent to USEPA and CDC for testing.

The MPA by USEPA identified diatoms, algae, roti-

fers, insect/larvae, and other debris in the water and

concluded that well X was at moderate risk for being

under the direct influence of surface water.

Surface water samples

Numerous Giardia cysts were observed by FA and

DIC microscopy analysis of surface water collected

from the brook near well X. The microscopy results

suggested that the concentration of Giardia cysts in

the surface water wasy40–50 cysts/l. The partial TPI

sequences (530 bp) of four positive PCR replicates

were identical to each other and to part of the L02116

sequence in the GenBank database, which belongs to

the G. intestinalis assemblage B. However, there were

five nucleotide differences in the partial TPI gene se-

quences between the subtype found in three patients

and the subtype found in surface water at the posi-

tions 746 (T to A), 807 (T to A), 844 (A to G), 1013

(A to C) and 1025 (A to G) of the L02116 sequence,

or at the positions 189, 250, 387, 456 and 468 of the

530-bp secondary PCR product.

Beaver samples

Two adult male beavers were collected near a beaver

dam in the brook adjacent to well X. Faecal samples

collected from the beavers and sent to CDC were

PCR-negative for G. intestinalis.

DISCUSSION

We report the largest outbreak of human giardiasis

associated with a community drinking-water system

in the USA in 10 years. This outbreak affected 63%

of responding households in the affected water sys-

tem, system A; 31 confirmed or probable cases were

identified. Illness was significantly associated with

consuming tap water. Laboratory and environmental

investigations suggest that a groundwater well, well
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X, was the source of this outbreak. Removal of the

implicated well from the water system was followed

by cessation of the outbreak.

The well implicated as the source of this outbreak

had been brought online without prior regulatory

approval by a previous owner and failed to meet the

NHDES regulation requiring that wells be placed

at least 50 ft (15 m) from surface water [18]. While

Giardia was never detected in samples of the well

water, laboratory evidence and review of the water

system indicated that the unapproved well was

faecally contaminated (based on faecal coliform test-

ing) and probably under the influence of surface water

contamination (based on MPA testing). Additionally,

identification of a suspectGiardia cyst in a home water

filter, a proxy for a distribution sample, indicates that

Giardia may have been present in the distribution

water at some point. Furthermore, epidemiological

data showed a strong association between consuming

tap water and illness. Unsurprisingly, risk for giardiasis

increased with consumption of increasing amounts

of tap water, a finding that has been noted in other

outbreaks and studies examining the relationship be-

tween giardiasis and drinking water [8, 19]. It should

be noted that the well-water samples were collected

weeks to months after the outbreak and after hyper-

chlorination of the water system, which may have

affected the ability to detect Giardia in the samples.

This outbreak occurred in late August and into

early September, which is consistent with known sea-

sonality for giardiasis in the USA. This community

was located in a popular tourist area, and several of

the homes in the community were only occupied sea-

sonally. As such, at the time of the outbreak, the

water system experienced high summer usage. It is our

hypothesis that this, coupled with dry weather con-

ditions and the relative close proximity to an adjacent

brook, caused the well’s cone of depression to expand

and intersect surface water, which in turn, was pulled

into the well without adequate filtration.

Genotyping and subtyping tools have been used in

the characterization of G. intestinalis in sporadic and

outbreak cases [14, 20, 21]. Subtyping information in

conjunction with epidemiological and environmental

data can be used to distinguish between sporadic and

outbreak-associated cases as well as to assess possible

outbreak sources. There are several G. intestinalis

assemblages or genotypes, but only assemblages A

and B infect humans. These two assemblages have

also been found in other mammals, such as domes-

ticated animals, livestock, and beavers [22, 23].

Although most attention regarding the zoonotic

potential of G. intestinalis has focused on assemblage

A, Sulaiman et al. [14] and Fayer et al. [23] showed

that beavers and muskrats are commonly infected

with assemblage B. In the USA, several waterborne

outbreaks of giardiasis were previously attributed to

contamination of source water by beavers, and giar-

diasis in backpackers is widely known as ‘beaver

fever ’ [19, 24, 25]. The G. intestinalis assemblage B

subtype found in human cases from this outbreak

has substantial sequence differences at the TPI gene

(five nucleotide substitutions within the 530-bp PCR

target) from the subtype found in a surface water

sample taken near the well 1 month after the occur-

rence of the outbreak. It was also different from other

known subtypes in humans but identical to a sub-

type previously found in beavers in Massachusetts

(DQ7899113) [23] and a Barbary macaque in Italy

(GenBank accession no. EU637589). Other TPI se-

quences in the GenBank differ from those from the

outbreak patients by at least five nucleotide substi-

tutions. In contrast, the subtype in the surface water

is apparently common, as the 530-bp sequences

obtained were identical to AY368169, EF688026,

EF688030, EU014503, EU014504, EU014511,

EU014515, EU156447, EU272161, and EU272169 in

the GenBank, in addition to L02116. This TPI sub-

type was widely found in humans in the USA,

Australia, and Egypt, and ringed seals in Canada

[20, 26–28]. Numerous other accession numbers in

the GenBank have only one nucleotide substitution,

or have identical but shorter TPI DNA sequences.

We could not confirm during the outbreak investi-

gation that beavers were the source of Giardia cysts,

because samples from beavers were negative for

Giardia, and because only one genetic target (TPI)

was analysed. The multilocus analysis was not used

because discrepant subtyping results were seen in

genetic loci when such an approach was used [29],

even in a recent investigation of a large outbreak in

Norway, which had over 1500 cases [21]. In the latter,

assemblage B was also found, but analysis of the

b-giardin and gdh genes indicated that multiple sub-

types were involved. Currently, not enough geno-

typing work has been done on giardiasis outbreaks to

show whether assemblage B causes more outbreaks

than assemblage A. In the present study, despite the

negative PCR result of samples from beavers, the uni-

que subtype previously found in beavers and the

presence of beavers in the brook near the well suggest

beavers could have been a potential contamination
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source. Because giardiasis is a common parasite in a

wide variety of species, humans and other domestic

and wild animal species cannot be dismissed as poss-

ible sources of the outbreak. The finding of a different

assemblage B subtype in the surface water 1 month

after the outbreak was expected, as the prevalence of

Giardia cysts in surface water in the USA and Canada

is very high [30–33].

There were several limitations to this investigation

including (1) low response rate to the survey (prob-

ably due to departure of seasonal residents), (2) cases

may have been missed if their primary residence was

in another state, (3) human and water Giardia sub-

types were not identical, and (4) collection of water

and beaver samples took place weeks to months after

the outbreak. Since Giardia cyst shedding can be

sporadic, previous investigations have demonstrated

that microscopic examination of an infected beaver’s

intestinal tissue may reveal Giardia trophozoites de-

spite its stool testing negative [22, 25, 34]. Repeated

testing is generally recommended, which along with

trophozoite analysis was not feasible in this investi-

gation.

Because the outbreak occurred over several weeks

and was caused by Giardia, a parasite efficiently trans-

mitted through person-to-person contact, potential

secondary cases were included in the statistical

analysis, which may have resulted in an underesti-

mation of the association between consuming tap

water and illness. The case definition did not include

an exclusion for potential secondary cases since

investigators were interested in capturing all illness

associated with the outbreak. Additionally, exposures

were assessed through a household survey but ana-

lysed for each individual, which may have decreased

the statistical power to detect significant household-

level exposures such as use of a home water filtration

device. Finally, because of the geographic association

of cases and the issuance of the boil water order in the

community, the epidemiological investigation focused

on drinking-water exposures; no other known sources

of giardiasis were assessed.

This outbreak demonstrates the importance of

collaboration between health officials, environmental

officials, laboratorians, and water system operators,

which was critical to determining the outbreak’s

source. The coordinated, rapid response by investi-

gators prevented additional cases from occurring,

which was demonstrated by the fact that cases stop-

ped occurring after the implicated well was discon-

nected from the water system. Adherence to state and

federal drinking-water regulations related to place-

ment of wells and associated treatment is essential and

could possibly have prevented this drinking-water-

associated outbreak.
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