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SUMMARY

The incidence rate of giardiasis in New Zealand is one of the highest among developed countries,

peaking in the 1–4 year age group. A case–control study was undertaken to identify risk factors

for giardiasis among Auckland children under 5 years of age. The exposure history of 69 cases

and 98 controls were analysed. Ninety-five per cent cases and 86% controls used water from the

Auckland Metropolitan mains (AMM) supply for domestic purpose, 44 cases and 42 controls

swam and 59 cases and 54 controls wore nappies. Children wearing nappies were at significantly

increased risk of the disease (OR=3.0, 95% CI=1.01–8.9), as were those from households which

had more than one child wearing a nappy (6.5, 1.8–23.4). The Auckland metropolitan mains

water supply was associated with a reduced risk compared to other drinking water sources.

Significantly increased risks were also associated with drinking water consumed away from home

(4.7, 2.2–10.1), swimming at least once a week (2.4, 1.1–5.3) and travelling domestically

(2.5, 1.03–6.0). The study identified vulnerable groups and modifiable risk factors for diarrhoeal

diseases, particularly Giardia infection. Nappy wearing was an independent risk factor for

infection. Further study is advocated to ensure better protection of public health, especially for

children.

INTRODUCTION

Giardia is a leading cause of human gastrointestinal

illnesses [1]. It is prevalent in both developed and

developing countries. The transmission of Giardia sp.

is common in certain high-risk groups, such as chil-

dren, especially those who attend childcare centres

[2, 3]. The major reservoir for the organism is infected

humans. Other reservoirs are fresh surface water, and

wild and domestic animals. Giardiasis became a no-

tifiable disease in New Zealand in July 1996. Nearly

2000 giardia positive cases are reported in New Zeal-

and annually. Currently, it is the third most com-

monly notified communicable disease in New Zealand

after campylobacteriosis and salmonellosis and the

most commonly notified potentially waterborne dis-

ease. The reported incidence rate of Giardia infection

in New Zealand is 46.6 per 100 000 population [4],

thought to be one of the highest among developed

countries [5]. A bimodal pattern of infection is ob-

served peaking in the 1–4 and 25–44 year age groups

[2, 3, 6, 7]. Children aged 1–4 years have double the

infection rate of the 25–44 year age group and had a

tenfold higher rate than the 10–19 year age group [5].* Author for correspondence.
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Giardia transmission generally occurs through the

faecal–oral route or via suitable vehicles of trans-

mission, such as contaminated water. Ingestion of as

few as ten cysts may cause infection [8]. Apart from

water contact, person-to-person transmission plays

a major role in spreading the disease possibly facili-

tated by situations of close contact such as nappy

changing, childcare facilities or within households

[3, 6, 9]. Overseas travel and water sports are other

important factors associated with infection [2, 10]. A

systematic study of these risk factors in the occurrence

of Giardia infection in children has not been made in

New Zealand to date.

We undertook a case–control study to identify the

modifiable risk factors for giardiasis in children in

Auckland. In particular, we wished to confirm (or

refute), in pre-school children, our previous findings

of the importance of exposure to nappies and child-

care centres in the transmission of Giardia infection

in adults 15 years and over [6].

METHODS

A case–control study was carried out to identify po-

tentially modifiable risk factors for giardiasis in chil-

dren under 5 years of age in the Auckland region.

Cases were identified from notifications of giardiasis

received by Auckland Healthcare (now Auckland Dis-

trict Health Board) where giardia had been isolated

from faeces. All cases were residents of the Auckland

(telephone) region aged under 5 years with caregivers

who could be contacted at home on a telephone num-

ber listed in the Auckland Telephone Book (ATB).

Data were collected from cases diagnosed between

November 1999 and June 2000. Upon receipt of a

notification, a Health Protection Officer (HPO) from

Auckland Healthcare contacted the main caregiver of

the child and requested consent for the investigator to

contact the caregiver directly. An information sheet

describing the nature of study was forwarded at the

same time. The HPO also organised an interview with

the main caregiver of the case if consent was given.

This was conducted within 72 h of initial contact by

the HPO. Controls, from the same age range as cases,

were identified from a random list of telephone num-

bers in the ATB. One child under 5 years of age in a

household contacted by phone was included in the

study if consent was given. If more than one child was

in the house, the child with date of birth closest to

the initial contact day was selected. Controls did not

have a recent history of confirmed Giardia infection

but were not tested for Giardia sp. The caregivers of

controls were interviewed, over the same period as

cases.

Interviews were conducted by telephone using a

structured questionnaire. Telephone Marketing Re-

search (TMR) conducted interviews for cases and

controls following training by the researcher. Infor-

mation on exposures was gathered for the 3 weeks

preceding the date of onset of symptoms which

corresponds to the usual maximum incubation

period for Giardia infection. To maintain a similar

study period for controls, a single digit random

number ranging between 3 and 8 was generated for

each control ; this number was a proxy for days

usually taken between the development of symptoms

and pathological diagnosis. So, for controls, infor-

mation on exposures was gathered for the 3 weeks

preceding an estimated date [simulated date of ‘onset ’

had they been a case=(date of referral) minus (a

randomly assigned number of days between 3 and 8

to simulate time to diagnosis and referral in cases)].

Interviewers were not informed of the disease status

of participants in order to minimize bias during data

collection.

The occupation of main caregivers of children was

categorized into six groups using the New Zealand

Socio-economic Index (NZSEI) [11] and those not

employed were categorized according to the nature

of the unpaid work with which they were involved

or their status as unemployed or retired. The age of

children was grouped into 12 month bands.

The SAS (version 8.2, SAS Institute, Cary, NC)

statistical computer program was employed for data

analysis. Initial univariate analysis used Mantel-

Haenszel (MH) odds ratios. Unconditional logistic

regression was then undertaken, initially for each set

of risk factors, and finally for various combinations of

those sets, in a series of models to determine the in-

dividual effect of each risk factor controlling for other

risk factors and potential confounding. The popu-

lation attributable risk (PAR) of disease occurring

was calculated using the proportion of cases exposed

to risk factors (pd) and corresponding adjusted odds

ratios [pd{(ORx1)/OR}] [12].

RESULTS

Eighty-four cases were notified during the study

period. Seventy-four were referred to the study, result-

ing in 69 interviews (response rate 82.1%). Ninety-

eight randomly selected controls were interviewed
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(response rate 75%). Forty-six cases (67%) and 58

(59%) controls were male (Table 1). The mean age

for cases and controls was 25.4(S.E.¡1.5) and

33.1(S.E.¡1.6) months respectively. The age distri-

bution of cases and controls were significantly dif-

ferent (x2=10.2, P<0.01) (Table 1). More than 50%

of cases were aged 13–24 months. They had a signifi-

cant risk of infection (OR=8.4, 95% CI=2.7–25.8;

P<0.0001) compared to 49–60 months age group.

Study participants were allocated to one of three

broad ethnic groups. The largest group of study

participants was those of European origin (74.8%)

(Table 1), consistent with the national pattern. Other

ethnic groups included were Polynesian (15.6%) and

Asian/others (9.6%) (Table 1). Ethnic distribution

was the same for cases and controls.

Water used for drinking purposes was categorized

into that ‘used at home’ and ‘away from home’.

About 90% participants used water from Auckland

metropolitan mains (AMM) supplies and the remain-

der used roof-collected rainwater for domestic pur-

poses. There were no overseas water users in the con-

trol group, so we excluded cases who had used water

overseas (n=6) from the water analysis. Consump-

tion of drinking water other than home sources was

associated with a significantly increased risk (OR=
4.7, P<0.0001), especially for roof-collected rain-

water (OR=8.3, P<0.0001) and mains supply other

than AMM (OR=8.6, P<0.0001) (Table 2). River

water was also found to be significantly associated

with notified disease in logit estimation (OR=10.4,

P<0.001). Analysis of risk associated with drinking

water sources was repeated by taking overseas cases

into account, leaving outcomes the same.

The role of recreational exposure to water was ex-

amined (Table 3). Swimming, the most popular water

sport, has an increased risk for infection significantly

for those who swam at least once a week (OR=2.4,

P<0.05) (Table 3) although the risk of giardiasis as-

sociated with increased frequency of swimming could

not be analysed by location due to small numbers.

Swimming in rivers (OR=4.7) showed a significant

association in logistic analysis (OR=19.7, 1.9–200.3).

Those who reportedly swallowed water during water

activities had a significantly higher risk of infection

(OR=2.3, 1.1–4.7; P<0.01), which remained an in-

dependent risk factor (OR=4.4, 1.2–15.7) in logistic

regression analysis after controlling for place and

frequency of swimming.

A significant risk of infection was associated

with children wearing a nappy (OR=3.0, P<0.05)

(Table 4). The risk was significantly higher for child

in households where more than one children wore a

nappy (OR=6.5, P<0.01) and for those who at-

tended and ate at early childhood centres (OR=2.3,

P<0.05) (Table 4). Toilet-trained children were less

at risk of infection than their non-toilet-trained

or partially-trained counterparts (OR=3.8, 1.8–7.8;

P<0.001) when controlled for gender only. However,

this association was not significant when adjusted for

gender and age-group (OR=2.1) (Table 4). The risk

analysis for toilet training was repeated by restricting

to 13–48 month age groups to control overestimation

but the results remained the same.

Children staying away from their usual home any-

time during the 3-week exposure period bore a sig-

nificant risk of Giardia infection (OR=2.5, 1.2–5.2;

P<0.05). The risk increased with travelling in general

(OR=4.9, 2.3–10.4; P<0.0001) and also with travel-

ling inside New Zealand (OR=4.4, 2.1–9.5;

P<0.0001). Choice of accommodation during travel

was variably associated with infection. Staying in a

holiday chalet and/or private houses was associated

with a higher risk of infection (OR=3.4, 1.4–8.5;

P<0.01). The risk of infection also increased by con-

tact with other giardiasis cases (OR=11.3, 2.6–35.7;

P<0.001). Contact with pets showed no increased

risk of Giardia infection (OR=0.49, 0.24–0.97).

Logistic regression analyses were carried out to

see if the main variables in this study had inde-

pendent effects on giardia risk (Table 5). A number

of logistic regression models using various combina-

tions of significant risk variables were applied where

consumption of water from sources other than AMM

(OR=4.5), havingmore than one nappy-wearing child

Table 1. Demographic information

Demography
Cases
n (%)

Controls
n (%) x2 (P-value)

Gender

Male 46 (66.7) 58 (59.2)
0.96 (0.33)

Female 23 (33.3) 40 (40.8)
Ethnicity

Polynesian 12 (17.4) 14 (14.3)
European 48 (69.6) 77 (78.6) 2.1 (0.14)
Asian/others 9 (13.0) 7 (7.1)

Age (months)

1–12 7 (10.1) 14 (14.3)
13–24 36 (52.2) 18 (18.4)
25–36 12 (17.4) 22 (22.4) 10.2 (0.001)

37–48 9 (13.0) 23 (23.5)
49–60 5 (7.3) 21 (21.4)
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in a family (OR=5.3), and travelling in New Zealand

(OR=2.5) were found to be independently associated

with the risk of infection. However, frequent swim-

ming was also associated with infection when travel-

ling was removed from the model (OR=2.6).

Population attributable risk (PAR) percentages

calculated for significant risk factors using adjusted

ORs from Table 5. There were exposure to: drinking

water sources other than usual home supply

(PAR=57.8%), household having more than one

child wearing nappy (PAR=66.2%), travelling in

New Zealand (PAR=33.2%) and frequent swimming

(PAR=36.4%).

Eight per cent of cases (n=6) were asymptomatic.

Analyses were repeated without asymptomatic cases

and the results were unchanged.

DISCUSSION

The Giardia infection rate among children under 5

years of age is almost double the rate for other age

groups in the Auckland region [5] and there is evi-

dence of person-to-person transmission of infection in

which children under 5 years play a pivotal role [10].

This study aimed to identify modifiable risk factors

among giardia infected children under 5 years of age

in Auckland. The study targeted cases from the noti-

fication records of what is now Auckland District

Health Board (ADHB) which receives notifications

from general practitioners. These cases were mostly

symptomatic. Overseas studies, however, found no

association between clinical manifestations and infec-

tion [13] and a high proportion of infected children

Table 2. Drinking water sources and risk of giardiasis during 3 week

exposure period

Water sources

Case

n=63

Control

n=98

Adjusted

OR (95% CI)*

Water consumed from home sources only# 16 59 1.00
Water consumed away from usual home
(Participants could be exposed to more than

one of the following sources)

47 39 4.7 (2.2–10.1)

Roof collected rain-water 19 12 8.3 (2.6–26.7)
River 5 1 10.4 (1.9–55.8)$

Bore 3 1 9.9 (0.62–158.3)
Bottle 7 14 2.4 (0.74–8.1)
Mains other than AMM· 38 18 8.6 (3.5–21.2)

* Adjusted for gender and age-group.

# Reference group.
$ Logit estimation.
· AMM, Auckland Metropolitan Mains supply.

Table 3. Water recreation and risk of giardiasis during 3 week exposure

period

Water sport
Case
n=69

Control
n=98

Adjusted
OR (95% CI)*

No# 24 51 1.00

Yes 45 47 1.8 (0.92–3.6)
Sailing$ 4 5 2.3 (0.45–11.5)
Swimming$ 44 42 1.9 (0.97–3.9)
Swam less than weekly 10 15 1.3 (0.49–3.7)

Swam weekly or more frequently 34 27 2.4 (1.1–5.3)
Swimming pool 29 36 1.6 (0.74–3.2)
River 6 1 4.7 (0.98–22.3)·

Sea 9 5 2.3 (0.59–9.0)

* Adjusted for gender and age-group.
# Reference group.
$ Not mutually exclusive, participants could be exposed to more than one.

· Logit estimation.
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may remain asymptomatic [14]. Assessment of the

actual burden of this disease in the community is there-

fore difficult. Moreover, underreporting is a long-

standing problem [1]. We used the same questionnaire

and interview procedure for caregivers of cases and

controls to minimize information bias. Since 96%

of households in New Zealand have access to a tele-

phone [15] this sampling criterion is likely to have had

minimal effect on recruitment or data collection at a

regional level. A significant risk of infection was found

in the 1–2 year age group in our study, supporting

a peak incidence among children of the same age

reported elsewhere [5]. Although the mean age for

controls was slightly higher than for cases, this dif-

ference should not influence the outcome as age was

controlled for in analyses. The gender differences

found in our study are supported by others [3]. Ethnic

representation, though consistent with the national

Table 4. Risk related to nappy, toilet training and childhood centres during

3-week exposure period

Child activities

Case

n=69

Control

n=98

Adjusted

OR (95% CI)*

Wore nappy
No# 10 44 1.00
Yes 59 54 3.0 (1.01–8.9)

Number of children wearing
nappies in the family
None# 5 30 1.00

One child wear nappy in family 38 47 1.9 (0.46–8.0)
More than one child wear nappy
in family

22 9 6.5 (1.8–23.4)

Level of toilet training
Toilet trained# 12 45 1.00
Not fully trained 57 53 2.1 (0.73–5.9)
Partially trained 12 19 1.9 (0.64–5.7)

Not trained at all 45 34 3.5 (0.54–22.7)
Attended early childhood centre
Not attended# 27 38 1.00

Attended, not eat meal 10 43 0.48 (0.19–1.2)
Attended, eat meal 32 17 2.3 (1.01–5.0)

* Adjusted for gender and age-group.
# Reference group.

Table 5. Logistic regression models for potential risk factors of Giardia infection in children during 3-week

study period

Risk variables
Model A
OR (95% CI)*

Model B
OR (95% CI)*

Model C
OR (95% CI)*

Water consumed at home only# 1.00 1.00 1.00

Water consumed away from home 5.3 (2.4–12.0) 4.31 (1.9–10.0) 4.5 (1.9–10.4)
No nappy wear child# 1.00 1.00 1.00
One nappy child family 1.7 (0.42–6.6) 1.7 (0.4–6.6) 1.7 (0.41–6.8)
More than one nappy child family 6.0 (1.6–21.9) 4.8 (1.3–17.4) 5.3 (1.4–19.8)

Did not swim# 1.00 1.00
Swam less than weekly 1.2 (0.38–3.6) 0.88 (0.28–2.8)
Swam weekly or more frequently 2.6 (1.1–6.4) 2.0 (0.75–5.0)

Did not travel# 1.00 1.00
Travel inside New Zealand 2.9 (1.3–6.6) 2.5 (1.03–6.0)

* Adjusted for gender and age-group.
# Reference group.
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population pattern, could be biased against non-

European groups due to possible under-diagnosis

and/or underreporting [1, 5].

Water is a common transmission medium for

Giardia parasites in the community. The parasite is

abundant in New Zealand surface water contami-

nated by human and animal sources [14, 16]. We

found consumption of water from Auckland metro-

politan mains (AMM) at home resulted in a lower risk

of infection in children, which supports our recent

findings in adult cases [10] and from other studies [3].

Some studies have found a relationship between

Giardia infection and the consumption of un-boiled

municipal water [17]. The transmission of waterborne

illnesses in the community depends on the efficiency of

filtration techniques used [18] and the water quality

monitoring system [19]. Small communities depend

on locally or privately managed sources of drinking

water using less efficient treatment methods. A sig-

nificant association between giardiasis and consump-

tion of river water in general found in our study could

be the result of source water contamination. How-

ever, this finding should be interpreted with caution

due to small sample size [2]. Roof water contami-

nation with Giardia parasite was reported earlier [20]

although a recent survey reported otherwise [21].

Toddlers or young children swim mostly under

adult guidance in community pools, at home or in

institutions such as childcare centres, as well as in

natural waters such as beaches, rivers, harbours and

estuaries. Most cases (n=29) swam in pools and were

under 2 years of age, although swimming in a pool

was not significantly associated with infection in our

study after controlling for other confounders (Table 3).

An overseas study and our previous study suggested

a relationship between the transmission of giardiasis

and the use of swimming pools [10, 22]. Pool water

may be contaminated by faecal accidents from bath-

ing children [23]. Chlorination is not always successful

in killing Giardia parasites [24]. We did not collect

information on the types of pool used and their

chlorination status. However, no outbreaks of giar-

diasis among children under 5 years old were reported

from Auckland swimming pools during the study

period. The relationship between giardiasis and swim-

ming in children has not been studied so far; how-

ever the dose–response relationship with frequency of

swimming in this report is consistent with our adult

giardisis study [10]. A review of health risk studies in

swimmers suggests a dose-related increase in risk as-

sociated with an increase in indicator-bacteria count

in recreational waters [25]. An increased risk of

Giardia transmission from the swallowing of con-

taminated pool water has been reported earlier [22].

Risks are higher among children attending swimming

classes [26]. The ingestion of water during swimming

was an independent risk in our study. The Center for

Disease Control and Prevention (CDC) recommends

some preventive measures to limit the transmission

of waterborne illnesses among children using water

recreation facilities [27]. However, these recommend-

ations may not be realistic.

Children in the first 2–3 years of life wear nappies

until they are fully toilet trained. Thirty per cent of

children under 5 years age attend licensed early child-

hood centres in Auckland and the attendance rate is

higher among 2–4 year age group (personal com-

munication, Data Management and Analysis Div-

ision, Ministry of Education, New Zealand). In New

Zealand, children start to receive toilet training be-

tween 12 and 18 months and by the end of 48 months

most of them do not wet their bed at night [28]. A

relationship between nappy use and the transmission

of infectious organisms has been speculated pre-

viously, mostly in early childhood settings [29]. We

have identified a significant association between the

incidence of giardiasis and the frequency of nappy

changing among the adult population in our previous

study [6]. A significant association between nappy

wearing children and giardiasis in the present report

supports our earlier findings and reinforces the need

for further research in this area. We have demon-

strated an increased risk of infection with an increase

in the number of nappy-wearing children in a family.

The exact mechanism of transmission is not clear,

but person-to-person transmission seems the most

likely explanation [7]. Previous studies have shown a

relationship between giardiasis and children who are

not toilet trained [30]. All these observations have

been in childcare locations. The risk of Giardia infec-

tion among non-toilet trained children in our study

was not significantly influenced by attendance at

early childhood centres. Attending an early childhood

centre increased risk of infection only those eating

meals at the centre which supports other similar find-

ings suggestive of transmission of disease through close

interpersonal contact [9]. There is no international

consistency on appropriate timeframes for toilet train-

ing [28, 31]. New Zealand studies in this regard are

incomplete and may be dated [28].

Travelling, especially, to giardia endemic regions

has often caused giardiasis outbreaks [32]. In New
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Zealand, a history of recent overseas travel prompts

a general practitioner to request for stool tests for

patients with gastroenteritis [33]. In our study, only six

cases travelled overseas, but none among the controls.

However, logit estimation suggested a tenfold in-

creased risk for those travelled overseas. We have

confined our detailed analysis to travel within New

Zealand. A fourfold increased risk of infection for

children who visited other places inside New Zealand

other than their usual home is not surprising as the

presence of Giardia parasites in New Zealand is

widespread [16]. Moreover, without a higher quality

filtration system it is hard to eliminate Giardia

parasites from all community water supplies. Our

previous study on adult Aucklanders also identified

a significant risk associated with domestic travel

[10]. National disease surveillance (www.moh.govt.nz/

esr.nsf/ff53911…) has previously reported higher than

average rates of giardiasis from some of the popular

tourist destinations in New Zealand. It is not clear

whether the risk in this study is due to direct contact

with contaminated water or indirect contact with

peers or elders. Swimming could have been con-

founded by travelling or vice versa, as risks weaken

when both were in the same logistic model, suggestive

of exposure to contaminated surface water [16] during

travel.

This study demonstrates that giardiasis is a major

communicable disease for children under 5 years of

age in New Zealand and, more significantly, in the

second year of their life. The quality of water con-

sumed by these children is important in controlling

the transmission of this disease. Giardia is a weak

parasite which can be killed easily by boiling water for

1 min. Recreational or environmental exposure to this

parasite remains a real public health challenge. Trav-

elling in general should be regarded as a risk, while

effective toilet training and increased hygiene may

reduce the transmission of disease. This study also

suggests areas of further research, especially on ex-

posure to water. Nappy-wearing families in which

there are two or more children are a sub-group at

particular risk. Preventive activities should be tar-

geted at these groups and/or activities which may lead

to improvements in the control of all diarrhoeal

diseases.
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