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Genetic studies in human and murine giardiasis*
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SUMMARY Genetic markers were analysed in 48 adults who appeared to have a prolonged infection
with Giardia lamblia. The frequency of ABO blood groups, Rhesus blood groups, and Gm pheno-
types was similar to that in control subjects. However, there was a higher than expected frequency
of HLA antigens Al (observed 46.7 %, expected 32%) and B12 (observed 47.8 %, expected 25.8 %)
and a higher than expected frequency of the phenotypes Al/A2 and B12/B27. Genetic studies were
also performed with inbred strains of mice showing relatively rapid (BALB/c) and defective
(C3H/He) spontaneous elimination of Giardia muris. From analyses in backcross mice several genes
appeared to influence susceptibility to prolonged infection with G. muris.

Individuals infected with Giardia lamblia show
considerable variation in the duration of infection
and the severity of symptoms. In a study of the
natural history of G. lamblia in volunteers,' 12 of
14 adults showed spontaneous elimination of in-
fection, while two had continuing cyst excretion for
at least four months. Similarly, symptoms are
minimal or absent in some patients, while others
have severe diarrhoea sometimes accompanied by
steatorrhoea, weight loss, and hypoalbuminaemia.23
Factors such as humoral immune deficiency4 and
previous gastrectomy5 may predispose to severe and
prolonged symptoms but these associations are
relatively unusual. Genetic factors may be of import-
ance, as two studies in infected children showed a
higher than expected frequency of blood group A.6 7

Studies with G. muris infection in inbred strains
of mice8 illustrate the potential importance of
genetic factors. Whereas BALB/c mice show spon-
taneous resolution of infection in four to six weeks,
C3H/He mice have a prolonged infection with
high cyst counts in stools for several months.
Spontaneous resolution of infection has a dominant
mode of inheritance, as BALB/c x C3H/He F,
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mice show a similar pattern of infection to that in
BALB/c mice.

In the present study the frequency of genetic
markers has been analysed in adults with prolonged
giardiasis. In addition, the pattern of G. muris infec-
tion has been evaluated in backcross F1xC3H/He
mice (where genes can be expected to be segregating)
in an attempt to determine the number of genes
influencing resistance to infection.

Methods

HUMAN STUDIES
Genetic factors were determined in 48 adults of
British (39) or European (nine) origin in whom
prolonged infection with G. lamblia seemed likely.
There were 20 females and 28 males with an age
range of 16 to 65 years. Thirty-six patients had
gastrointestinal symptoms, principally diarrhoea,
which had been continuing for at least eight weeks
and which improved after treatment with metroni-
dazole. Twelve patients were infected in the absence
of symptoms and in these patients prolonged infec-
tion was assumed. In all patients, giardiasis was
confirmed by the presence of Giardia cysts in stools
or the presence of trophozoites in a small bowel
aspirate, biopsy imprint, or histological sections
of small bowel. Thirty-three patients were identified
at two hospitals in Melbourne and 15 in a survey of
the prevalence of giardiasis in South Australia.9
Eleven patients gave a history of overseas travel
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Table 1 Disorders associated with prolonged giardiasis
(15 patients)

Disorder (no.)

Hypogammaglobulinaemia 3
Hypogammaglobulinaemia with NLH 1
Dysgammaglobulinaemia 2
IgA deficiency I
IgA deficiency with NLH and PA 1
Partial gastrectomy 2
Diabetes mellitus 2
Chronic renal failure 2
Cryptogenic cirrhosis 1
Hodgkin's disease 1
Asthma (on corticosteroid drugs) 1
Ulcerative colitis 1
Breast cancer 1
Thyrotoxicosis 1

NLH: nodular lymphoid hyperplasia.
PA: pernicious anaemia.

before the onset of symptoms. Fifteen patients had
associated chronic disorders as outlined in Table 1.
Severe symptoms accompanied by marked weight
loss and hypoalbuminaemia occurred in two patients
with prior gastrectomy.
ABO and Rhesus blood groups were determined

by standard haemagglutination techniques, while
HLA typing was performed using the microlympho-
cytotoxicity technique of Terasaki.10 HLA typing was
performed at Melbourne and Adelaide and in both
centres at least 23 antigens were defined. Genetic
markers on the heavy chain of serum immuno-
globulin G (Gm allotypes) were determined by
haemagglutination inhibition." Sera were typed
for allotypic markers Glm(1), Glm(2), and Glm(3)
on IgGI and for G3m(5) on IgG3, as these markers
can best characterise Gm phenotypes in Caucasian
subjects.'2 Serum immunoglobulin levels were deter-
mined by radial immunodiffusion in agar using
commercial antisera. The frequency of genetic
markers in patients with prolonged giardiasis was

compared with that expected from large groups of
healthy subjects. Comparison with patients having
giardiasis of short duration was not possible, as

only five adults in this group were identified during
the two year period of study.

MOUSE STUDIES
Experiments were performed with male and female
mice of the highly inbred strains BALB/c and
C3H/He together with BALB/c x C3H/He F,
hybrids and backcross mice to C3H/He. All mice
were raised under specific pathogen-free conditions
until 6 weeks of age and were then maintained under
conventional conditions before, and during the
course of experiments. Animals from this source
have been found to be absolutely free of G. muris
infection. Giardia cysts were isolated and quantified

by a sucrose gradient method as described pre-
viously.13 Cysts were administered to recipient mice
within seven days of transfer to conventional
conditions and the subsequent excretion of cysts in
stools was determined at intervals of one or two
weeks in most experiments. The H-2 haplotypes of
backcross mice were determined by haemagglutina-
tion using antisera to H-2d and H-2k prepared by
repeated injections of lymphoid cells into H-2
incompatible recipients.'4

STATISTICS
The Chi square test was used to compare the
frequency of HLA antigens and Gm phenotypes in
patient and control populations, while the relative
risk was determined by the cross-product ratio.'5
Giardia muris cyst counts in stools were expressed
as a geometric mean and differences between groups
were analysed by Student's t test. All the P values
were calculated to correspond to two-tailed tests of
statistical significance.

Results

HUMAN STUDIES
Humoral immune deficiency was detected in eight
patients (Table 1) but exclusion of this group had
little influence on the frequency of various genetic
markers and all patients have been included in
statistical analyses.

ABO and Rhesus blood groups
The frequency of ABO and Rhesus blood groups in
patients with giardiasis was similar to expected
frequencies from population data. Twenty-three
patients were typed as blood group A (expected 20),
five as blood group B (expected five), 18 as blood
group 0 (expected 21), two as blood group AB
(expected two), 42 as Rh-positive (expected 41),
and six as Rh-negative (expected seven).
Comparison of ABO blood groups in patients

with (36) and without (12) gastrointestinal symptoms
showed an excess of blood group 0 in patients
without symptoms (observed nine, expected four),
and an excess of blood group A in those with
symptoms (observed 21, expected 15). However,
groups will need to be larger before an association
between ABO blood groups and the presence or
absence of symptoms can be established.

HLA typing
HLA typing was performed in 46 patients and the
results are shown in Table 2. There was a higher
than expected frequency of HLA-A1 and HLA-B12
and a lower than expected frequency ofHLA-A3 and
HLA-B35. In addition, patients had a higher than
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Table 2 Frequency ofHLA antigens it

Patients Controls
(n =586)

(no.) ( %) ( %)

Al
A2
A3
A9
AIO
All
A28
W19 complex

B5
B7
B8
B12
B13
B14
BIS
B16
B17
B18
B21
B22
B27
B35
B40

21
24
4

11
5
4
2
3

4
8

11
22

I
3
5
2
5
2
3

7
2
3

46-7
522
8-9
244
11-1
89
4.4
6-7

89
17-8
24-4
47-8
2-2
6.5

11.1
4.4

11-1
4.4
6.7
2.2

15.6
4.4
6-7

32-0
47-1
24-9
19-3
11-9
12.3
5.6
5 8

8-9
25.3
26-5
25.8
5.3
8.0
5.8
2.2
7.2
3.1

5.3
82
16-2
11-9

Without correction for the number of antigens
tRelative risk.

expected frequency of the phenoty
served 12, expected 4.3, x2= 13.9,
the phenotype B12/B27 (observec
0-5, Z2>50, P<0001). The higher
frequency of HLA-A1 and HLA-BI
in patients with and without
symptoms.

Gm allotyping
Gm allotypes were determined
(Table 3) and the frequency of vari
was similar to that in 1200 c(
(X2=6.9, P>0 1).

MOUSE STUDIES
The pattern of cyst excretion wa
23F,x C3H/He backcross mice, 15

n46 patients females, in an attempt to define the number of
genes involved in resistance to G. muris. Mice

P* RRt were infected by the oral administration of 1000
cysts and the subsequent excretion of cysts in faeces

005 1-86 was determined at weekly intervals for 12 weeks.
- - Control groups consisted of eight male and female
0-02 0-29 mice of strains BALB/c (a strain which shows

rapid spontaneous resolution of infection), C3H/He
(a strain which develops chronic giardiasis), and
BALB/cX C3H/He F1 (which resemble BALB/c
mice in infection characteristics).

- - The majority of backcross mice showed a pattern
- - of cyst excretion which more closely resembled the
0002 2-64 C3H/He than the F1 parental mice. However, only

two of 15 backcross males resembled C3H/He
males in showing a consistently high cyst output
and only one of 15 males resembled F1 males in
showing a consistently low cyst output. The re-

-- maining mice showed cyst counts intermediate
NS 2.06 between the two groups. Similarly, intermediate
0.05 0-24 patterns of cyst excretion were observed in all

female backcross mice, although the group was
tested. relatively small. The data indicate that the ability

to eliminate G. muris is influenced by several genes
rather than one or two genes.

ype A1/A2 (ob- H-2 haplotypes in backcross mice were deter-
P<0 001) and mined, as BALB/c (H-2d) and C3H/He (H-2k)

I six, expected mice are of different H-2 haplotype. Eight of 15
r than expected males were typed as k/k and 7 as k/d. No association
12 was observed was found between numbers of cysts excreted in
gastrointestinal faeces and the k/k or k/d haplotypes.

Throughout this study, female mice demonstrated
more rapid elimination of infection than age-
matched male mice. The pattern of infection in

in 28 patients genetically identical C3H/He, BALB/c, and
ious phenotypes BALB/cX C3H/He F1 mice is shown in the Figure.
ontrol subjects In C3H/He mice, males had significantly higher

cyst counts in faeces than females at weeks 4
(P<001), 6 (P<0 005), 8 (P<001), and 10 (P<0 05).
In BALB/c and F1 hybrids, differences between

1S evaluated in sexes did not reach statistical significance but after
males and eight week 6, cysts were absent from faeces in females but

present in low numbers in some males.

Table 3 Frequency ofGm phenotypes in 28 patients

No. ofpatients

Phenotype Observed Expected*

Heterozygous
Gm 1, 3, 5 6 8-3
Gm 1, 2, 3, 5 2 4.1

Uncertain
Gmn1,2 4 1-7

Homozygous
Gm 1 0 1-3
Gm 3, 5 16 126

Totals 28 28 0

*Based on population frequencies.

Discussion

The demonstration of spontaneous resolution of
G. lamblia in adult volunteers1 raises the possi-
bility that transient infections, with or without
gastrointestinal symptoms, are relatively common.
Indeed, preliminary studies in our laboratory
suggest that the majority of residents in Melbourne
have detectable anti-Giardia antibody in serum
(unpublished observations). Thus patients with
persistent symptoms may constitute a relatively
small group in whom spontaneous elimination is
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WEEKS AFTER ADMINISTRATION OF 1000
GIARDIA MURIS CYSTS

Figure Geometric mean numbers (+SEM) of
Giardia cysts in stools over 10 to 12 weeks after oral
administration of 1000 Giardia muris cysts to groups
of male (0) andfemale (0) mice of strains C3H/He,
C3H/He x BALBIc F1, and BALB/c.

defective because of factors related to either the
host or the parasite. Humoral immune deficiency
has been clearly associated with prolonged and
recurrent giardiasis (eight of 48 patients in this
study) and cellular immune deficiency might have
predisposed to prolonged infections in patients with
Hodgkin's disease, cancer, chronic renal failure,
and cirrhosis. Prior gastrectomy with hypochlor-
hydria may permit an excessive proliferation of
trophozoites'l with inadequate control by local
defence mechanisms. Protein-calorie malnutrition
has been associated with prolonged giardiasis in
tropical countries,17 perhaps because of co-existing
suppression of immune mechanisms. Parasite factors
might also be of importance, although antigenic

variation or different serotypes of G. lamblia have
not been identified.
Although some patients with immune defects

were identified, the majority had normal serum
immunoglobulin levels and otherwise appeared to
enjoy good health. In contrast to previous studies,
infected patients did not show an increased incidence
of blood group A. However, previous studies
were performed in children, presumably with
gastrointestinal symptoms, and additional studies
in patients, with and without symptoms, would be
of interest (see Results section).

In the patient population there was a higher than
expected frequency of the HLA antigens Al and
B12 and of the phenotypes Al/A2 and B12/B27.
HLA antigens or linked genes might be associated
with a defective immune response to 'host-protective'
antigens of G. lamblia and this possibility will be
tested once sensitive assays for anti-Giardia antibody
become available. Interestingly, HLA-B12 has been
associated with specific immune responses to
flagellar antigens (flagellin) from Salmonella
adelaide.18

Genetic markers on human immunoglobulins
(Gm allotypes) have not been extensively studied in
infectious diseases, although particular allotypes
have been associated with immune responses to
immunisation with Haemophilus influenzae and
Meningococcus polysaccharides1l and with immune
responses after parenteral administration of
flagellin.20

Study of the pattern of G. muris infection in back-
cross mice indicated that resistance to infection was
influenced by several genes. Histocompatibility
(H-2) genes did not appear to be involved, although
the method of study would not permit detection of a
minor influence of H-2 type on the course of in-
fection. Lower levels of infection were observed in
female than in male mice-an effect which may be
related to sex hormone levels21 or reflect the in-
fluence of loci associated with sex chromosomes.
Variation in the natural history of infection between
strains of mice does not appear to be related to
serum levels of immunoglobulins22 or to serum levels
of antibody to a crude sonicate of Giardia tro-
phozoites (unpublished observations). The emergence
of a relatively complex pattern of genetic control
for a relatively simple intestinal protozan parasite
emphasises the complexity of host responses to
natural pathogens, in this case probably involving
humoral and cell-mediated immune responses to
several Giardia antigens as well as non-immuno-
logical defence mechanisms.

We are grateful to Dr A Dobrovic for HLA typing,
to Dr D N Propert for Gm allotyping, to Dr J
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Layton for mouse histocompatibility (H-2) typing,
and to Dr J D Mathews for assistance with statistical
analyses.
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