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SUMMARY
Mass gatherings are believed to increase the transmission of infectious diseases although
surveillance systems have shown a low impact. The Catholic Jubilee was held in Rome, Italy in
2000. We conducted a case-control study to analyse the risk factors of giardiasis among residents.
All diseases reported to the laboratory surveillance system from January 2000 to May 2001 were
compared with hospital controls concurrently selected in the same season as cases and frequencymatched for age and birth country. Fifty-two cases (44.1 %) and 72 controls were enrolled. In the
multivariable analysis factors associated with giardiasis among adults were : travelling abroad
(OR 24.2, P>0.01), exposure to surface water (OR 4.80, P=0.05), high educational level
(OR 3.8, P=0.03). Having a maid from a high-prevalence country was independently associated
(OR 2.3) although not statistically signiﬁcant. This is the only exposure that changed during the
Jubilee.

INTRODUCTION
Mass gatherings have long been considered a
challenge for the transmission of infectious diseases,
however, their impact has been reported to be low in
developed countries in studies based on surveillance
systems [1]. Of the 26 million pilgrims who attended
the Catholic Jubilee in Rome in 2000, about 3 million
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came from developing countries. A slightly higher risk
of infectious diseases was detected for pilgrims than
for residents [2], based on surveillance system data.
To better evaluate the impact of this extraordinary
event on residents’ health in Rome, a case-control
study was conducted to identify determinants of
giardiasis, during and after 2000.
Giardia lamblia, a ﬂagellate protozoan parasite, is
a frequent cause of diarrhoea in developing countries
as well as in a few industrialized countries [3, 4].
Geographical areas classiﬁed as having a high
(10–30 %) or medium (3–10 %) prevalence of
giardiasis are Central and South America [5–7],
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South-East Asia [8, 9], Eastern Europe [10], Africa
[11, 12] and the southern Mediterranean [13, 14]. The
incubation period of giardiasis lasts 7–10 days, with a
range of 5–25 days [4]. The reservoir of Giardia is
comprised of humans and both wild and domestic
animals. Transmission can occur at any time during
the infection period, from either symptomatic or
asymptomatic individuals [3]. One study estimated
that 25–30 % of infected people were asymptomatic
[3], and the estimate increases to 76 % during
epidemics [15]. Transmissibility can last for as long
as 6 months [16]. A seasonal trend is reported in
temperate areas, with peaks at the end of summer or
in autumn [17, 18]. People aged 0–4 and 25–44 years
are reported to be at the highest risk [4, 17]. Males are
at a slightly higher risk than females [18].
Indirect transmission by drinking water, exposure
to surface water or eating contaminated food are the
most frequently reported factors associated with outbreaks of giardiasis [19–21], while sporadic cases are
most frequently spread by person-to-person transmission, facilitated by close contact such as found
in childcare facilities or within households [22, 23].
Waterborne transmission has also been associated
with non-outbreak-related cases of giardiasis [22–26].
Among the other diseases with comparable epidemiological characteristics, only salmonellosis and
clinically diagnosed infective diarrhoea are surveyed
in Italy. These alternatives were both excluded ; the
former because of the high incidence of salmonellosis
in the Lazio region (23 cases/100 000 inhabitants in
1999), the latter because it includes many diﬀerent diseases since the aetiology of diarrhoea is not detected.
All the other diarrhoeic diseases including Shigella
and Giardia infections are only reported in Italy
during an epidemic. A laboratory-based surveillance
for G. lamblia was started in the Lazio region in 1996.
An annual prevalence of 4.1 cases/100 000 inhabitants (213 cases) was estimated in the Lazio
region in 1998–1999. No epidemics have been
detected here since the reporting of giardiasis outbreaks was made obligatory in 1995.
In conclusion, giardiasis was chosen to study the
impact of the Jubilee on residents’ health because of
its epidemiological characteristics : a higher incidence
in developing countries than in Italy, the possibility of
increased transmission from pilgrims to residents
during the Jubilee, an incubation period short enough
to allow an increased incidence of the disease to be
detected, and ﬁnally, the availability of an accurate
surveillance system.

METHODS
The study was designed as an incident case-control
in which all patients who were reported to Giardia
laboratory surveillance from January 2000 to
May 2001 were enrolled prospectively. Two hospital
controls were selected concurrently for each case
during the season when cases were diagnosed, and
selection continued for 30 days after the end of each
season [27].
Ethical approval for the study was obtained from
the Ethics Committee of the Catholic University of
Rome, who took part in the study.
Case deﬁnition
Among the patients positive for G. lamblia (cysts or
trophozoites) we included those who were residents of
Rome, who were symptomatic within the 60 days
before diagnosis, who suﬀered from diarrhoea (at least
three loose stools per day) or had two of the following
symptoms : abdominal cramps, foul-smelling and
greasy stools, ﬂatulence, bloating, nausea, excessive
tiredness, anorexia, and weight loss [28]. A diﬀerent
case deﬁnition was adopted for children aged between
2 months and 2 years, based on diarrhoea deﬁned as
six or more loose stools per day, and weight loss.
The same laboratory conﬁrmed the case diagnosis
microscopically. Patients were not included if they
had had symptoms for more than 60 days before
diagnosis, had been previously diagnosed with a
giardiasis, were aﬀected by clinical conditions causing
diarrhoea (stomach or intestinal cancer, ulcerative
rectocolitis, Crohn’s disease), by immunodeﬁciency
(AIDS, agammaglobulinaemia, other congenital
immunodeﬁciency syndrome, thymoma, asplenia), or
diseases for which antiblastic or cortisonic therapy
was being administered at dosages of at least
2 mg/day for 14 days.
Control deﬁnition
Controls were selected attempting to balance distribution of cases and controls by broad age group,
under or over 14 years, and by geographical area of
origin, at low or high prevalence of giardiasis. Highprevalence countries included Africa, Asia, South and
Central America, and Eastern Europe. Controls were
selected from four hospitals in Rome, which were the
most important sources of Giardia reports in previous
years, among patients hospitalized in orthopaedic,
otoryngology and ophthalmology wards. There was
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one paediatric hospital, two teaching hospitals and
one of the three biggest hospitals in Rome.
Controls had to meet the same criteria as cases to
be included : they had to be resident in Rome and not
present any of clinical conditions listed previously.
In addition they had to be hospitalized for fewer than
8 days, not have a previous diagnosis of giardiasis,
nor a history of gastrointestinal symptoms in the 60
days before the interview. One to three stool samples
were tested for Giardia immediately after the questionnaire was administered. A follow-up of 6 months
after enrolment was done for each control through
laboratory surveillance to exclude subsequent Giardia
infections.
Factors analysed
Information on exposures was gathered for the 4
weeks preceding the date of symptom onset or the
interview date for controls, because the incubation
period can be as long as 4 weeks for Giardia infection.
The questionnaire included identiﬁed risk factors
for direct transmission of Giardia such as: attending
community or day-care centres [3], practising homosexual intercourse [29], living with bed-ridden people
[22] or with diapered children [30], having close contact with domestic or farm animals [31–33]. We added
housing or receiving guests during the Jubilee year
and having a maid from a high-prevalence country to
the direct exposures. Our hypothesis in analysing
having a maid from a high-prevalence country did not
address whether their numbers had increased during
the Jubilee, rather that, during the Jubilee, they were
very likely to host pilgrims coming from the same
country that they came from, and to work as a vehicle
of Giardia infection. Based on this possible scenario,
having a maid from a high-prevalence country has
been hypothesized as the main exposure for residents
during the Jubilee.
The risk factors of indirect contact related to
exposure to contaminated environments were: drinking surface water [20, 22] or eating contaminated food
[21] assessed on the basis of reporting having picked
and eaten raw vegetables, camping, spending time in
open spaces or in the country, swimming in pools or
natural water [22, 34], travelling to countries with a
high prevalence of Giardia infection [35, 36], working
in a day-care centre or nursery school or on a sewer
system [37]. We used educational level as an indicator
of social position.
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Sample size
A sample size of 192 cases was estimated, based on a
case-control ratio of 1: 2, with 95 % conﬁdence and
80 % power to detect an odds ratio (OR) of at least 3
for the variables under investigation. The underlying
hypothesis was that the number of people possibly
exposed to eﬀective contact with pilgrims for Giardia
infection depended on (i) the number of people expected to visit Rome from high-prevalence countries
(nearly 3 million) ; (ii) the number of residents of
Rome coming from high-prevalence countries (nearly
210 000, 4 % of residents) expected to house their
compatriots ; (iii) the number of maids coming
from high-prevalence countries (nearly 37 000, 0.7 %
of residents) who could transmit the infection.
Expected cases were estimated according to data from
laboratory surveillance during 1998–1999.
Data analysis
Association between giardiasis and each risk factor
was estimated through ORs and 95% conﬁdence
intervals (CIs). Unconditional logistic regression was
carried out, for the adults, to determine the eﬀect of
our main exposure controlling for country of origin
and risk factors signiﬁcantly associated with giardiasis according to crude ORs. For model building,
we mainly focused on the presence of a maid from
a high-prevalence country, forced presence of age,
country group and education, and proceeded with
backward deletion strategy to select the other risk
factors as confounders, using the 0.20 level as the
screening criterion. Interactions between the main
exposure and all other covariates, including country
of origin, were tested. The STATA software (version 7,
Stata Corporation, TX, USA) was employed for data
analysis.
Cases with missing information on exposures were
excluded from the analysis.
RESULTS
Three hundred and seven cases were reported in the
study period. Among 118 eligible cases, 52 (44 %)
were enrolled, 21 (19 %) refused to participate, and 45
(41 %) were not found at the address registered by the
laboratory. Enrolled cases diﬀered from non-enrolled
by birth country distribution: all non-respondents
were from low-prevalence countries. Other diﬀerences concerned diagnosis period : there was a higher
percentage of non-respondents in spring 2000
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Table 1. Percentage of respondents among eligible
cases by age group, gender, country of birth and
enrolment timing
Cases

Respondent
Total
N
n
118 52
Gender
Male
Female
MI

%
44.1

Nonrespondent
n
66

%
55.9

36
25
5

54.5
37.9
7.6

0.084
35
17
0

67.3
32.7

7
6
6
17
16

13.5
11.5
11.5
32.7
30.7

8
5
7
22
22
2

12.2
7.6
10.6
33.3
33.3
3.0

Birth country
Low prevalence 108
High prevalence 10

42
10

80.8
19.2

66

100.0

Diagnosis period
Winter 2000
Spring 2000
Summer 2000
Autumn 2000
Winter 2001
Spring 2001

11
8
6
10
9
8

21.2
15.4
11.5
19.2
17.3
15.4

10
18
8
11
18
1

15.2
27.3
12.1
16.7
27.3
1.5

Age (yr)
1–4
5–14
15–24
25–44
o45
MI

P
value

71
42
5

0.751
15
11
13
39
38
2

0.001

0.05
21
26
14
21
27
9

MI, Missing information.

(27 % compared to 15 %) and winter 2001 (27 %
compared to 17 %) (Table 1).
All cases diagnosed in the study period showed an
unusual seasonal distribution with peaks in spring
and winter (Fig.). All of the cases enrolled were
sporadic and had no contact with each other.
No person selected as a control later became a case.
Cases reported diarrhoea more frequently than other
symptoms (64 %), followed by abdominal cramps,
intestinal gas and excessive tiredness (from 54 to
65 %). Among children, 69 % reported diarrhoea. The
median time between microscopic diagnosis and onset
of symptoms was 23.3 days (mean 27.7), and 19
(37 %) cases reported symptoms between 30 and 60
days before diagnosis.
Seventy-two controls were enrolled in the study,
only one patient refused to answer the questionnaire.
Thirty-nine (54 %) had their stools tested microscopically at least once, with negative results for
Giardia, both for cysts and trophozoites. Although

Feb.
2000

Apr.

June

Aug.

Oct.

Dec.

Feb.
2001

Apr.

Months

Fig. Epidemic curve of patients positive to microscopic test
for Giardia on the basis of diagnosis date, Lazio, January
2000–May 2001. %, 1 case non-eligible ; , 1 case nonrespondent ; , 1 case respondent.

age groups and prevalence of giardiasis in origin
country, which were the frequency-matching criteria,
were distributed similarly for respondent cases and
controls (Pearson’s x=4.17, P value=0.24), some
diﬀerences were observed : 25 % of the cases and 15 %
of the controls were 1–14 years old, and among
adults, 26 % of cases and 13% of controls were from
high-prevalence countries. Cases were enrolled with a
median delay of 6 days after diagnosis (mean 16 days).
The ratio case-controls was 1: 1.7 in all seasons except
summer 2000 and spring 2001 in which the ratio rose
to 1 :0.3 and 1 :0.9 respectively.
In the single-variable analysis, ﬁve factors were
associated with giardiasis among adults from lowprevalence countries: travelling to high-prevalence
countries (Central America, Africa, South-East Asia)
(OR 25.1, P=0.001), exposure to sewage, manure or
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animal husbandry (OR 13.3, P=0.02), drinking or
bathing in surface water, including swimming pools
and natural waters (OR 4.6, P=0.04), spending a day
in the country (OR 5.0, P<0.01) and having a maid
from a high-prevalence country (OR 5.0, P=0.02).
The risk of giardiasis is almost twice as high in people
with a high educational level than in those with a low
educational level (OR 2.9, P=0.04). The exposure to
surface water, even though not statistically signiﬁcant, was the only factor showing a high risk of
giardiasis for adults coming from high-prevalence
countries (OR 3.6, P=0.33). Also high educational
level showed a somewhat high risk of giardiasis in this
group of patients (OR 2.7, P=0.34). No excess risk
was found for professional exposure in day-care
centres, or having pets, or handling diapered children
in adults both from high- and low-prevalence
countries (Table 2). Gender distribution was similar
among adult cases and controls (P=0.2). Finally, for
children 1–14 years old, no factor was signiﬁcantly
associated with an increased risk of giardiasis ;
however, there were higher risks for keeping pets (OR
4.4, P=0.22), spending a day in the country (OR 3.33,
P=0.33), and having a maid from a high-prevalence
country (OR 2.2, P=0.54) eating raw vegetables
(OR 2.00 ; P=0.48) and father’s educational level
greater than 8 years (OR 2.7, P=0.34) (Table 3).
In the multivariable analysis carried out on adults,
higher risk of giardiasis was found for having a maid
from a high-prevalence county, although not statistically signiﬁcant and less high than in single variable
analysis ; travelling to high-prevalence countries,
exposure to surface water, and having a higher
educational level were still independently associated
with illness (Table 4).
DISCUSSION
Factors associated with giardiasis were travelling
to or having a maid from a high-prevalence country,
exposure to surface waters and educational level.
Travelling is the most relevant risk factor for
giardiasis : it was estimated to be 25 times more
frequent in travellers than in those who did not travel
to high-prevalence countries. Although this result was
expected based on previous studies [34, 36, 38], the
estimated risk was very high. We cannot exclude the
possibility that the risk could have been overestimated
because of a selection bias of respondents among
cases, or because a few diseases of controls [congenital
deformity of lower limb (n=8), osteoarthrosis (n=5),
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vertiginous syndromes (n=2)] may have prevented
travelling abroad, or because of the diﬀerence in
exposure time of y60 days between enrolment of
controls and cases. Nevertheless, a previous study
reported an estimated ratio of 22 for travelling
to developing countries [34]. Travelling abroad could
justify the unusual seasonal distribution of cases,
since travel to distant countries is common during
Christmas and Easter holidays.
The exposure to surface waters included both
drinking and recreational exposure. Drinking improperly treated water was found to be an eﬀective
risk for giardiasis in a few studies [23–25, 34], but not
in others [20, 38]. Speciﬁc environmental characteristics might have inﬂuenced the exposure dose and
justiﬁed the diﬀerences in risk estimates. The exposure
to swimming pools and natural bodies of water has
been more consistently reported in many studies
[19, 22, 26, 34, 38]. The risk we observed for surface
water is lower than reported in studies from the
United States, England or Australia, but it is still
appreciable after taking into account the other
exposures. Therefore, the observed diﬀerences could
be due to the smaller prevalence of exposure
to surface water in the Lazio region as indicated by
the proportion of controls exposed : 6% in Italy
compared to 40% in Australia, 31 % in England, and
17 % in the United States.
The second exposure analysed here implies an
indirect transmission of Giardia infection. It could
explain better the proportion of endemic giardiasis in
our region [22–24, 26]. The association of the disease
with exposures working by direct transmission, such
as having a maid from a high-prevalence country or
hosting guests from such countries could have better
estimated the impact of pilgrims on incident giardiasis. The observation of independence of this risk
factor from the others working by indirect transmission, travelling abroad or drinking surface water,
supports the view that a direct transmission could be
suggested for having a maid from a high-prevalence
country.
This factor was associated with giardiasis in multivariable analysis, although it was not statistically signiﬁcant. This was probably due to the small numbers
and its high co-linearity with both travelling abroad
and, particularly, high educational level. Moreover,
we cannot exclude that these results could have been
aﬀected by selection bias due to cases not enrolled.
In fact, assuming that from the 66 cases who were
not enrolled, the proportion of subjects with a maid

Downloaded from https://www.cambridge.org/core. IP address: 35.170.64.36, on 12 Jun 2021 at 18:09:55, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0950268805005327

654

Adults (15+yr) born in low-prevalence countries
Cases
(n=30)

Controls
(n=54)

Adults (15+yr) born in high-prevalence countries

OR

95 % CI

P value

Cases
(n=9)

Controls
(n=7)

0

0

OR

95 % CI

P value

Maid from highprevalence country

No
Yes
MI

20
8
2

50
4
—

1
5.0

1.4–18.5

0.02

Pets*

No
Yes
MI

18
10
2

38
16
—

1
1.3

0.5–3.5

0.58

7
1
1

6
1

1
0. 9

0.04–16.9

0.92

Eating raw vegetables

No
Yes
MI

8
20
2

14
40
—

1
0.9

0.3–2.4

0.80

4
4
1

2
5

1
0. 4

0.05–3.4

0.40

Spending a day in the
country

No
Yes
MI

15
13
2

46
8
—

1
5.0

1.7–14.3

<0.01

6
2
1

7
0

Drinking or bathing in
surface water#

No
Yes
MI

22
6
2

51
3
—

1
4.6

1.1–20.2

0.04

5
3
1

6
1

1
3. 6

0.3–46.4

0.33

Working in catering or in
hotel, hosting pilgrims

No
Yes
MI

29
1
—

49
5
—

1
0.3

0.04–3.0

0.33

7
2

7
0

Being exposed to sewage,
manure/animal husbandry

No
Yes
MI

24
6
—

53
1
—

1
13.3

1.5–116.2

0.02

8
1

7
0

Assisting elderly bed-ridden
people

No
Yes
MI

26
4
—

49
5
—

1
1.5

0.4–6.1

0.57

8
1

5
2

1
0. 3

0.02–4.4

0.39

Hosting people

No
Yes
MI

24
4
2

48
6
—

1
1.3

0.3–5.2

0.68

7
1
1

7
0

0.3–1.8

0.53

No
Yes
MI

24
4
2

48
6
—

0.3–5.2

0.68

8
0
1

5
2

Travelling to
high-prevalence countries

No
Yes
MI

19
9
2

53
1

1
25.1

3.0–211.6

<0.01

6
2
1

7
0

Educational level (yr)

1–8
>8

5
25

23
31

1
3.7

1.2–11.2

0.02

3
6

4
3

1
2. 7

0.4–20.5

0.34

Each additional host
Handling diapered children

OR, Odds ratio ; CI, conﬁdence interval ; MI, missing information.
* Dogs, cats, guinea pigs.
# Including swimming pools and recreational waters.

0.8
1
1.3
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Table 3. Crude ORs of giardiasis in children
Children (0–14 yr)
Cases
(n=13)

Controls
(n=11)

OR

95 % CI

P value

Living with children
aged 0–14 yr

No
Yes
MI

4
9

4
7

1
1.3

0.2–7.1

0.77

Attending day care or school

No
Yes
MI

4
5
4

3
5
3

1
0.8

0.1–5.2

0.77

Maid from a highprevalence country

No
Yes
MI

9
2
2

10
1

1
2.2

0.2–28.9

0.54

Pets*

No
Yes
MI

9
4

10
1

1
4.4

0.4–45.5

0.22

No
Yes
MI

9
4

9
2

1
2.0

0.3–13.8

0.48

Spending a day in the
country

No
Yes
MI

9
3
1

10
1

1
3.3

0.3–38.1

0.33

Drinking or bathing in
surface water#

No
Yes
MI

7
4
2

7
4

1
1.0

0.2–5.7

1

Hosting people

No
Yes
MI

11
1
1

10
1

1
0.9

0.05–16.5

0.95

1.1

0.7–1.8

0.56

1
1.3

0.2–9.1

0.77

1
2.7

0.4–19.7

0.34

Eating raw vegetables

Each additional host
Hosting diapered children

No
Yes
MI

11
1
1

11
0

Hosting children,
attending day care

No
Yes
MI

6
3
4

8
3

Travelling to
high-prevalence countries

No
Yes
MI

10
1
1

11
0

Father’s educational
level (yr)

1–8
>8
MI

2
8
3

4
6
1

OR, Odds ratio ; CI, conﬁdence interval ; MI, missing information.
* Dogs, cats, guinea pigs.
# Including swimming pools and recreational waters.

from a high-prevalence country had been half of those
enrolled, the estimated risk ratio would equal 2.96,
but if we accepted the very unlikely hypothesis that
none of the non-enrolled cases had been exposed there
would be no increased risk.
The higher risk of giardiasis in adults with higher
education could be related to a situation of endemic

infection and low prevalence, as in the Lazio region.
Because of oral–faecal transmission, a higher prevalence is expected in children and in lower social
classes, but adults with higher educational levels
could show a higher incidence when exposed because
they are more susceptible. It is more diﬃcult to
interpret the higher educational level of cases found
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Table 4. Adjusted ORs of giardiasis in adults (15+ yr)
OR* 95 % CI
1
2.3

P value

Maid from a highprevalence country

No
Yes

Travelling to highprevalence countries

No
1
Yes 24.2

2.7–219.2 <0.01

Drinking or bathing in
surface water

No
Yes

1
4.8

1.03–22.4

0.05

Educational level (yr)

1–8
>8

1
3.8

1.1–12.8

0.03

0.5–11.4

0.32

OR, Odds ratio ; CI, conﬁdence interval.
* Adjusted for age, country and all the other reported
variables.

among children and people from high-prevalence
countries. Therefore, we cannot exclude that a
selection bias occurred during case enrolment, since
non-respondents were more likely to have lower
educational level ; while we exclude the possibility
of a selection for hospitalized controls with lower
education because the proportion of people with <9
years of schooling was 60% among hospitalized
people and 62% in the whole population. In other
studies, social class had a similar distribution in cases
and controls [26, 32] and when higher risk was
reported this was linked to exposure to diapered
children [38].
At single-variable analysis, two other factors
showed a strong association with giardiasis: professional exposure and spending a day in the country.
The association of giardiasis with professional
exposure to human waste has already been reported
[37, 38] but with risk estimates smaller than those
found in this study. The diﬀerence could be due to our
including exposure to animal waste. An association
with these exposures was reported previously [32] but
another study failed to observe an increased risk of
giardiasis because of contact with farm animals [24].
Until recently the exposure both to farm animals and
pets has been little studied because the biological
plausibility of transmission from animals to humans
was in doubt. The potential risk of infection has been
proven by a few studies using molecular analyses on
the basis of the morphological similarity of Giardia
isolated from humans and other mammals [31, 33].
Spending a day in the country was associated with
giardiasis in this study although not independently
from other variables. This result is in agreement with
the increased risk of giardiasis reported in other

studies due to camping or caravanning [22, 34]. Both
of these studies suggest that a country environment
could be the source of Giardia infection through
animal waste. Recent ﬁndings show that soil may
play a larger role in transmitting enteric diseases than
previously thought as it can work as a vector and
reservoir of pathogens including protozoa [39].
The diﬃculty in appreciating the risk for spending
time in the country as well as the professional
exposure in the multivariable analysis could be due to
the power of the study. On the other hand, an insufﬁcient comparability of exposure time between cases
and controls could have overestimated the risks.
These exposures are both more frequent during spring
than other seasons. The enrolment of controls was
delayed up to y60 days compared to cases because
a median of 23.3 days elapsed between diagnosis
and onset of symptoms and up to another 30 days
could elapse between enrolment of cases and
controls. Moreover, a recall bias was possible, as cases
knew their diagnosis when the questionnaire was
administered.
This study presents a few limits. Non-response bias
is a major limitation of the validity of the study.
Nevertheless the response rate was low among cases
(44.1%), respondents and non-respondents were
similar for age and gender. On the other hand, a
smaller percentage (81 %) of cases were from lowprevalence countries while all those from highprevalence countries were enrolled ; this could have
caused a bias and supports the choice of including
the country of origin in the model among the
confounding variables.
A recall bias as well as inverse causation could
have been possible. Since both cases and interviewers
knew the diagnosis when the questionnaire was
administered, they both may have been more likely to
report potentially harmful exposures than the control
group. The most common exposures, like salad
consumption, could have occurred before or after the
infection, during the 30 days before the onset of
diarrhoea.
Another important limit is the weak power of the
study due to the small number of enrolled cases.
Although other case-control studies have been carried
out with a small number of cases [25, 32, 34] this study
size enabled us to detect more precisely the main risk
factor we hypothesized as linked to the Jubilee period,
i.e. having a maid from a developing country, who in
turn had contact with pilgrims during the Jubilee.
To detect this kind of exposure the sample size
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would have to be 192 or more ; the enrolled cases
numbered 52.
Finally, controls had to have a negative stool
test for Giardia. Only 54 % were analysed, all with
negative results. On the other hand, no other study
tested controls for Giardia [20, 22, 24, 32, 34, 38],
the prevalence of infection was as low as 4/100 000
inhabitants, and it was reported that up to ﬁve or six
stool samples may be examined without recovering
the organism in infected people because the parasites
mechanically adhere to the intestinal mucosa [40].
We can conclude that the Jubilee had a limited impact on the epidemiology of giardiasis. The increased
risk of giardiasis with the presence of a maid from a
high-prevalence country, although suggestive of an important exposure did not reach statistical signiﬁcance,
possibly because the sample was too small.
Other risks strongly associated with giardiasis were
detected, but they were not linked with the Jubilee.
Travelling is the most important risk factor of
giardiasis for residents in the Lazio region.
A P P E N D I X . T he Regional Network of Laboratory
Surveillance of Giardia group
Carmen Bonanno (Sandro Pertini Hospital),
Michela Carletti (Bambino Gesù Hospital), Roberta
Cavarischia (Villa Betania Hospital), Alessandra
Di Tullio (Nuovo Regina Margherita Hospital),
Germana Formosa (San Filippo Neri Hospital),
Giulia Gilardi (Forlanini Hospital), Laila Pacciani
(San Giacomo Hospital), Paolo Culotta (CID
Laboratory), Francesca D’Antonio (Flaminio 9
Laboratory), Mirella Macigno (Centro Ricerca
Studio Laboratory), Luca Marino and Luisa Napoli
(Marilab Laboratory), Filippo Ranﬁ (Mercury
Laboratory), Giuditta Valorani (Bios Laboratory),
Luigia Cortese (Ars Medica Private Hospital),
Antonella Di Luzio (Guarnieri Private Hospital),
Giulio La Greca (Rome American Hospital, private
hospital), Claudio Romagnoli (Madonna della
Fiducia, private hospital, Rome, Italy).
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