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Summary. Jejunal mucosa biopsies from non-immune deficient patients with 
Giardia lamblia infestation were examined and showed three different groups of 
mucosal changes, distinguishable on morphological and immunohistochemical 
grounds. In three patients no morphological or immunohistochemical 
abnormalities were found (group A). 

In five patients a normal villous architecture was seen. These biopsies had 
increased numbers of interepithelial lymphocytes and of immunoglobulin 
containing cells in the lamina propria, with a relative increase of the number of 
IgA and IgG containing cells (group B). 

Two patients with a malabsorption syndrome due to giardiasis had marked 
villous atrophy, documented by morphometric measurements and large 
numbers of interepithelial lymphocytes and of immunoglobulin containing 
cells in the lamina propria, especially IgA and IgG (group C). 

These findings differ considerably from those in patients with immunode- 
ficiency or gluten sensitive enteropathy. This suggests that when villous atrophy 
of the jejunal mucosa is found immunohistochemistry of jejunal biopsy 
specimens may be helpful in the differential diagnosis between mere giardiasis 
and giardiasis superimposed on immunodeficiency or gluten sensitive 
enteropathy. 
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Histological studies of the jejunal mucosa in giardiasis have been reported by many 
workers. Frequently the biopsy findings have been correlated with absorption 
studies (Yardley et al. 1964; Ridley and Ridley 1976; Wright and Tomkins 1978). 
Symptomless subjects may show no mucosal abnormalities, but in patients with 
symptomas, mild to subtotal villous atrophy may be seen together with a cellular 
infiltration of the lamina propria by lymphocytes, plasma cells and polymorphs. 
The surface epithelium is frequently cuboidal and may show an increased number 
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o f  in terepi thel ia l  lymphocytes .  W h e n  mul t ip le  biopsies  are  taken,  a pa tchy  
d i s t r ibu t ion  o f m u c o s a l  abnormal i t i e s  has somet imes  been no ted  (Ament  and  R u b i n  
1972). 

In  spite o f  the k n o w n  assoc ia t ion  be tween giardiasis  and  immune  deficiencies, 
Jones and  Brown (1974) have shown tha t  the deve lopmen t  o f  giardiasis  is not  
dependen t  u p o n  a p red i spos ing  immune  deficiency and  can be found  in pat ients  
with no rma l  serum concen t ra t ions  o f  IgA, IgG,  I g M  and  IgE. Pa t ien ts  with 
giardiasis  show a spec t rum of  morpho log i ca l  abnormal i t i e s  in je junal  biopsies,  and  
e levated levels o f  in tes t inal  f luid I g G  have also been descr ibed in these pat ients  
(Jones and  Brown 1974). 

To see whether  the j e juna l  mucosa  o f  pat ients  with n o r m a l  immuni ty  and  with 
giardiasis  shows typical  morpho log i ca l  and  i m m u n o p a t h o l o g i c a l  changes,  we have 
invest igated b iopsy  specimens o f  ten non  immune  deficient  infested pat ients .  F r o m  
morpho log i ca l  and  immunoh i s tochemica l  cri teria,  three different  groups  o f  
pat ients  could  be dis t inguished.  

The immunoh i s tochemica l  f indings in these je junal  b iopsy  specimens suggest  
tha t  immunoh i s tochemis t ry  m a y  be helpful  in d i f ferent ia t ing vil lous a t r o p h y  in 
s imple giardiasis  f rom vil lous a t r o p h y  in giardiasis  supe r imposed  on immunode -  
ficiency or  gluten sensit ive en te ropa thy .  

Patients 

Jejunal biopsy specimens from nine consecutive patients with giardiasis were studied, together with a 
biopsy specimen of an asymptomatic carrier of Giardia lamblia, a family member of one of our patients. 
None of the individuals we studied had an immune deficiency. All nine patients had symptoms of poorly 
localized abdominal discomfort and distension, borborygmi, flatulence and frequent loose stools. Two 
of them had an overt malabsorption syndrome with steatorrhoea, severe weight loss, anaemia and 
depressed serum folate levels. The other seven patients had only mild diarrhoea without signs of 
malabsorption. Absorption was assessed by urinary excretion of D-xylose after 50 g oral load and daily 
faecal fat output on a diet containing 80g fat. 

In the two patients with the malabsorption syndrome we repeated the small-intestinal biopsy half a 
year after adequate treatment with metronidazole (ten days 500mg t.d.s.). 

The control group consisted often adults who had a jejunal biopsy done as a healthy volunteer or as 
a healthy family member of a patient with gluten-sensitive enteropathy in connection with a family study 
(Rosekrans et al. 1978). 

The jejunal biopsy findings in the patients with giardiasis were also compared with the 
morphometrical and immunopathological observations made on jejunal biopsy specimens from 15 
patients (juvenile and adult) with gluten-sensitive enteropathy in the active phase on a gluten-containing 
diet. 

Methods 

Peroral biopsies of the proximal jejunal mucosa were performed under radiological control, using a 
hydraulic multiple biopsy capsule. The biopsy specimens were taken distal to the ligament of Treitz. 
Under a dissecting microscope the biopsy specimen was orientated, with a minimum of handling, on a 
mesh to which it adheared. After fixation in a sublimate-formaldehyde mixture for three hours the tissue 
sample was embedded in paraplast: Tissue sections were cut 4 ~tm thick, perpendicular to the luminal 
surface and mounted on glass slides. Sections were stained with haematoxylin and eosin (HE) and 
specifically for IgA, IgG, IgM and IgE heavy chains using an indirect peroxidase staining as described 
earlier (Rosekrans et al. 1980). The specificity of the antisera and the control staining procedures have 
already been reported (Rosekrans et al. 1980). 
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Fig. 1. Morphometry of jejunal biopsies: V/C, villous: crypt ratio; IEL, number of interepithelial 
lymphocytes per mm surface epithelium; AB, length of surface epithelium per mm extended muscularis 
mucosae 

The stained slides were used for morphometric study (Rosekrans et al. 1980, 1981). Images of the HE 
and immunoperoxidase stained sections were projected with a standard magnification of 200 x on graph 
paper and drawings were made. Morphometric analysis of the drawn figures was made on a graphic 
tablet (Tektronix) interfaced with a laboratory computer (PDPll-10), Digital Equipment Corp. 
Maynard, USA). 

The following variables were measured (Fig. 1): 
1. Mean villous to crypt ratio, that is the linear measurement of five villous heights, divided by the 

corresponding crypt depths (V/C). 
2. Length of surface epithelium per millimeter extended muscularis mucosae (SA). 
3. Number of interepithelial lymphocytes per millimeter surface epithelium (IEL). 
The slides stained for IgA, IgG, IgM and IgE were used for counting the immunoglobulin- 

containing cells per millimeter extended muscularis mucosae in three consecutive sections. This is 
comparable with a mucosal tissue unit of 1 mm width and a thickness of 4 gm (Brandtzaeg et al. 1974). 

Results 

In  all patients we detected Giardia  Lamblia  t rophozoi tes  in the jejunal juice 
aspirated during the biopsy procedure.  It  was also possible to demonst ra te  the 
parasite in the histological sections in the lumen or the crypts in all patients (Fig. 2). 

Using morphologica l  criteria we could divide the biopsy specimens in three 
different groups (Table 1): 

A. Biopsy specimens with normal  architecture o f  villi and crypts, with normal  
numbers  o f  interepithelial lymphocytes  and no increase of  the number  o f  
immunoglobul in-conta in ing cells in the lamina propria  (No 1, 3 and 5). 

B. Biopsy specimens with normal  architecture o f  villi and crypts, but  with 
increased numbers  o f  interepithelial lymphocytes  and increased numbers  o f  
immunoglobul in-conta in ing cells in the lamina propr ia  (No4 ,  6, 7, 9 and 10). 

C. Biopsy specimens with distinct villous atrophy,  cuboidal  epithelial changes, 
heavily infiltrated with lymphocytes,  and increased numbers  o f  immunoglobul in-  
containing cells in the lamina propr ia  (No 2 and 8). 



148 P.C.M. Rosekrans et al. 

Fig. 2, Detail of jejunal mueosa of patient 3. Many giardia lambliae are present in the crypt 

Table 1, Morphometric and immunohistochemical findings in ten patients with giardiasis 

No V/C S.A. I.E.L. IgA IgG IgM IgE 

A 1 2.03 5.38 21 87 12 19 0 
3 3.01 6.90 15 60 14 29 1 
5 2.10 5.78 16 87 26 35 0 

B 4 3.00 6.02 34 186 48 35 0 
6 2.37 5.58 32 142 45 39 0 
7 3.12 6.85 27 121 51 26 2 
9 3.55 6.39 29 146 28 31 0 

l0 a 3.08 5.42 26 138 23 18 1 

C 2 u 0.71 2.73 69 196 50 45 1 
8 b 1.01 3.04 50 178 35 39 1 

Healthy controls 
N = 10 2,88 6.07 ~9 87 14 23 0.5 
( •  (• (• ( •  (•  (-+6) ( •  (-+0.7) 

Gluten-sensitive enterepathy (active phase) 
N = 15 0,12 1.20 72 169 25 86 1.5 
( •  (_+0.14) (_+0.16) (_+19) (_+70) (+7)  (+_39) (_+ 1.l) 

V/C = Villous: crypt ratio; S.A. = length of  surface epithelium per mm muscularis mucosae; 
I.E.L. = number of  interepithelial lymphocytes per mm surface epithelium; IgA, IgG, IgM and 
IgE = number ofimmunoglobulin-containing cells per mm muscularis mucosae; A, B and C = different 
groups of histological abnormalities in jejunal biopsy specimens 

a Asymptomatic carrier of Giardia lamblia parasites, son of  patient No 9 
b Patients with malabsorption syndrome 
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Table 2. Morphometric and immunohistochemical findings in two patients with malabsorption due to 
giardiasis 

No V/C S.A. I.E.L. IgA IgG IgM IgE 

2a 0.71 2.73 69 196 50 45 1 
2b 2.67 5.24 21 131 38 54 1 

8a 1.01 3.04 50 178 35 39 I 
8b 3.45 6.89 17 103 22 35 0 

a = before treatment, b = six months after metronidazole treatment 

Fig. 3. a Jejunal mucosa of patient 8 before treatment (x 180). b Jejunal mucosa of patient 8 after 
metronidazole treatment ( x 100) 

On clinical g rounds  we could  no t  f ind any difference in the pat ients  o f  g roup  A 
and  g r o u p B  with  an except ion  of  N o 1 0 ,  who was a hea l thy  carr ier  of  G i a r d i a  
l ambl ia  paras i tes ,  de tec ted in a family examina t ion .  

The b iopsy  specimens o f  g roup  B showed an increased n u m b e r  o f  
immunog lobu l i n - con t a in ing  cells per  mi l l imetre  ex tended  muscular i s  mucosae .  In  
mos t  of  these je junal  b iopsies  the number  of  I gG-con ta in ing  cells was, in con t ras t  to 
the f indings in the je juna l  mucosa  o f  hea l thy  individuals ,  h igher  than  the n u m b e r  o f  
I g M - c o n t a i n i n g  cells. 

The two pat ients  o f  g roup  C whose je junal  b iopsy  specimens showed dist inct  
vil lous a t rophy ,  bo th  had  a m a l a b s o r p t i o n  syndrome.  The number  o f  
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immunoglobulin-containing cells was markedly increased. After treatment with 
metronidazole we could not detect Giardia lamblia trophozoites anymore in the 
jejunal juice. The jejunal biopsy specimens, taken half a year after adequate 
treatment, showed no morphological abnormalities (Table2). The pattern of 
immunoglobulin-containing cells in the jejunal mucosa of patient no. 2 also showed 
an increase of the number of IgA, IgG and IgM-containing cells after treatment 
(Table II). The jejunal mucosa biopsies of patient no. 8 are shown in Fig. 3 a and 3 b. 

In all patients the number of IgE-containing cells was comparable with that of 
healthy controls. 

In contrast to patients with villous atrophy due to giardiasis (group C), patients 
with active gluten-sensitive enteropathy showed more severe villous atrophy as 
expressed by a lower V/C ratio and a shorter length of surface epithelium per 
millimeter extended muscularis mucosae. In particular, the marked increase in the 
number of IgM-containing cells in the jejunal mucosa in GSE patients contrasted 
with the findings in giardiasis. 

Discussion 

The present study shows that in small-intestinal mucosal biopsies from non- 
immune deficient patients with giardiasis, three distinct morphological groups can 
be separated using morphometric and immunohistochemical techniques. There are 
patients with Giardia lamblia infestation without abnormalities in the jejunal 
mucosa (groupA). In patients with morphological abnormalities (group B and C) 
all patients showed an elevated number of interepithelial lymphocytes and an 
increased number ofimmunoglobulin-containing cells in the lamina propria. There 
was a marked rise in the number of IgA-containing cells and most patients also 
showed an absolute and relative increase in the number of IgG-containing cells. 

Patients of group C differed from patients of group B by the presence of villous 
atrophy in the jejunal biopsy specimens. Clinically the patients of group C had 
symptomas different from patients of groupA and B: both patients had a 
malabsorption syndrome. 

Why the jejunal mucosa can show such a varied picture from a normal 
appearance to flat with a marked infiltrate in giardiasis, is unknown. The 
contributions of parasitic factors and host immune reactivity remain undefined. 

Wright and Tomkins (1978) have shown a positive correlation between surface 
epithelial area and D-xylose excretion in giardiasis. Ferguson et al. (1976) reported 
an increased number of interepithelial lymphocytes in children with diarrhoea due 
to giardiasis. A marked increase in the number of IgG-containing cells was found in 
a giardiasis patient by Blenkinsopp et al. (1978). This finding and our observations 
correlate with the study of Jones and Brown (1974), who found a high level of IgG in 
the intestinal juice in giardiasis. 

The histological picture of the jejunal mucosa in patients with malabsorption 
due to giardiasis resembles gluten-sensitive sprue. In our experience however, an 
important difference is the relatively high number of IgG-containing cells in 
giardiasis in comparison with the large number of IgM-containing cells in gluten- 
sensitive enteropathy (Brandtzaeg and Baklien 1976; Scott et al. 1980; Rosekrans et 
al. 1981). Perhaps this difference in immunoglobulin subclasses will differentiate 
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pa t i en t s  w i t h  v i l lous  a t r o p h y  due  to  g ia rd ias i s  a lone  f r o m  pa t i en t s  w i t h  v i l lous  

a t r o p h y  in g ia rd ias i s  s u p e r i m p o s e d  on  i m m u n e  d i f ic iency  or  g lu t en  sens i t ive  

e n t e r o p a t h y .  
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