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Abstract

Objectives: Graft versus host disease (GVHD) is the most common cause of diarrhea in allogeneic hematopoietic progenitor cell transplant (HPCT) 
recipients. Diarrhea may be caused by infection or epithelial cell damage secondary to chemotherapy or radiation, which in turn can decrease brush border 
enzyme activity. Disaccharidase levels and the potential for lactose malabsorption as a contributing factor for diarrhea have not been studied in patients with 
GVHD. The aim of this study is to evaluate the prevalence of disaccharidase deficiency in pediatric HPCT patients with GVHD and its potential role in causing 
diarrhea.

Methods: A retrospective review of 21 HPCT patients with protracted diarrhea referred for gastrointestinal endoscopy and biopsy to rule out GVHD. 
Biopsies were evaluated for infection, GVHD, or other abnormalities. Duodenal samples were frozen and sent for disaccharidase analysis. 

Results: One patient was excluded from the study because disaccharidase analysis was not sent. Grade 1 GVHD was found in 11 patients (55%), grade 
2 in 1 patient (.05%), and no GVHD in the remaining 8 patients (40%).  Ten patients with GVHD (83%) and 6 without (75%) had an isolated lactase deficiency 
(p =0.27). Six patients had virus present on intestinal biopsies and 1 patient had C. Difficile infection.

Conclusions: There is not a greater prevalence of either isolated lactase or global disaccharidase deficiency in pediatric HPCT patients with Grade 1 
or 2 GVHD. However, regardless of presence of GVHD, the majorities of HPCT patients with protracted diarrhea have isolated lactase deficiency and may 
benefit from a lactose-free diet. 
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INTRODUCTION
Acute graft-versus-host-disease (GVHD) is the leading 

cause of morbidity and mortality in patients who have had an 
allogeneic hematopietic progenitor cell transplant (HPCT) [1], 
with approximately 18-70% of these patients developing acute 
GVHD [2-4]. The main organs targeted by acute GVHD are the skin, 
liver and gastrointestinal (GI) tract. Profuse diarrhea is the most 
frequent GI symptom associated with GVHD, and is commonly 
accompanied by abdominal pain, anorexia, nausea, vomiting and 
GI bleeding [5]. The diarrhea is often green, mucoid and watery, 
and may contain exfoliated cells. 

The basic pathophysiology of GVHD involves three phases: 
activation of antigen-presenting cells in the target tissue; donor 
t-cell activation, proliferation, differentiation, and migration; 
and finally destruction of the target tissues [6]. Within the 
gastrointestinal tract this manifests as diarrhea as a result 
of epithelial cell damage, surface area loss with subsequent 
impaired absorption, and increased vascular permeability due 
to cytokine release [7]. Damage to the GI tract also increases the 
translocation of inflammatory stimuli such as endotoxin, which 
promotes further inflammation and additional GI tract damage 
[8]. The main sites of GVHD associated intestinal injury are the 
distal ileum and proximal colon, followed by the remainder of the 
small intestine, distal colon and rectum [8]. 

GVHD as the cause of diarrhea is supported by presentation 
with profuse, green mucoid stools as well as by a falling serum 
albumin secondary to protein-losing enteropathy [9]. Enteric 
pathogens such as adenovirus, rotavirus, HHV6, norovirus CMV, 
C. Difficile and ova and parasites may be a triggering event for 
GVHD.  Liver and skin manifestations of GVHD can also be helpful 
clues; however, the definite diagnosis is made by endoscopy with 
mucosal biopsies. Endoscopic features that suggest the presence 
of GVHD include hyperemia, erythema, granularity, mucosal 
ulcerations or diffuse mucosal sloughing [5]. While involvement 
can be patchy, several studies have demonstrated that in limited 
endoscopic evaluation with esophagogastroduodenoscopy and 
flexible sigmoidoscopy is effective and safe [10]. Specific histologic 
criteria are used to establish the diagnosis of GI GVHD (Table 1). 
The classic finding is epithelial single-cell apoptosis, which may 
or may not be accompanied by increased inflammation, crypt 
abscesses, crypt cell degeneration, nuclear atypia or flattened 
abnormal surface epithelium [11-13]. 

Since the 1960’s we have known that disaccharidases 
are found in the brush border of the epithelial cells along the 
intestinal villous [14]. Disaccharidase deficiency is associated 
with carbohydrate malabsorption and leads to symptoms of 
profuse diarrhea, abdominal distention and pain. Given the 
significant small intestinal mucosal damage that can occur with 
GVHD, we aimed to determine if among pediatric HPCT patients 

with diarrhea there was a greater prevalence of disaccharidase 
deficiency in those with GVHD compared patients without GVHD.    

MATERIALS AND METHODS
Population and Sample Collection

The study was conducted at Children’s Hospital Los Angeles 
(CHLA), a large tertiary care center. Approval was obtained by 
the institutional review board prior to initiation. A retrospective 
chart review was performed of all patients with protracted 
diarrhea and weight loss who had been referred by their primary 
hematopoietic progenitor cell transplant team between July 
2004 and September 2005 for upper endoscopy and flexible 
sigmoidoscopy or colonoscopy with biopsies to rule out GVHD. 
None of the subjects had clinical symptoms of lactose intolerance 
prior to HPCT. For each patient, stool studies were performed 
prior to endoscopy for routine bacteria, ova and parasites, C. 
difficile, CMV, Adenovirus, Rotavirus, Norovirus, and HHV-6. 
Endoscopic biopsies were then obtained from the esophagus, 
stomach, duodenum and colon. In addition to standard histology, 
tissue was also sent for PCR and staining for HSV, HHV-6, EBV, 
and CMV. A duodenal biopsy was also collected at the time of 
endoscopy, frozen, and sent to Joli Diagnostics in Williamsville, 
NY, for analysis of lactase, sucrase, maltase and palatinase levels.

Analytic methods

All biopsies were read by a single pathologist for evidence 
of infection, GVHD or other abnormalities, and were graded 
according to the histologic criteria shown in Table 1. 
Disaccharidase analysis was performed by Joli Diagnostics 
using a standard technique: Duodenal tissue was homogenized 
and incubated with disaccharide substrate, enzyme hydrolysis 
resulted in glucose formation, and then a quantitative measure of 
glucose was analyzed [15]. Control values have been established 
based on children undergoing endoscopy with normal histology 
and correlate closely with those values found in healthy animals 
serving as controls [16]. 

Statistical analysis

Means and standard deviations were calculated. Comparison 
of means for each disaccharidase level was performed using 
a two-tailed, Student’s t-test. In order to evaluate global 
disaccharidase deficiency, a total score was created by adding 
up each disaccharidase level. Comparison of means of the total 
scores as well as of the number of patients with concomitant 
intestinal infections was performed using the same Student’s 
t-test. Statistical significance was defined as P< 0.05.

RESULTS
Between July 2004 and September 2005 there were 21 

patients referred by their primary hematopoietic progenitor cell 
transplant team for upper and lower endoscopy to rule out GVHD. 
One patient was excluded from the study, as disaccharidase 
analysis was not performed. Of the remaining 20 patients, there 
were 7 females (35%) and 12 males (65%). The mean age was 6 
years, 7months, with a range of 8 months -16 years. 

Pathology reports confirmed Grade 1 GVHD in 11 patients 
(55%) and Grade 2 GVHD in 1 patient (.05%). The remaining 8 
patients (40%) had no evidence of GVHD or any other significant 

Grade 1 Individual crypt cell necrosis

Grade 2 Crypt abscess, crypt cell flattening, with or without crypt cell 
degeneration

Grade 3 Dropout of 1 or more whole crypts in a biopsy

Grade 4 Total denudation of epithelium

Table 1: Histopathologic grading of GVHD [25].
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histological abnormalities. Table 2 summarizes the outcome 
measures evaluated. Ten patients with GVHD (83%) and 6 
without GVHD (75%) had an isolated lactase deficiency (p =0.27). 
However, only 1 patient (.08%) with GVHD (either grade 1 or 2) 
and 2 patients (25%) without GVHD had global disaccharidase 
deficiency. (p = 0.19). 

Infectious organisms were identified in the intestinal biopsies 
or stool of seven patients, 4 with GVHD and 3 without (p =0.08). 
Table 3 summarizes the organisms identified. 

DISCUSSION 
GVHD is the leading cause of diarrhea in HPCT patients [17], 

with roughly 50% of these patients requiring evaluation by a 
gastroenterologist [5,18] The aim of this study was to determine 
if there is a higher prevalence of disaccharidase deficiency 
in pediatric HPCT patients with GVHD compared to HPCT 
patients without GVHD which would suggest that carbohydrate 
malabsorption is a contributing factor in development of diarrhea. 
While there is strong evidence that GVHD can cause mucosal 
damage throughout the small intestine [3,5], our retrospective 
review showed no statistically significant difference in any 
isolated disaccharidase deficiencies or in global disaccharidase 
deficiency in those patients with Grade 1 or 2 GVHD compared to 
those without histologic evidence of GHVD (p =0.19). There was a 
trend toward lower disaccharidase levels in patients with GVHD 
but this did not reach statistical significance possibly due to small 
number of subjects in the study. To date, we have been unable 
to find previous reports in the literature about the prevalence of 
disaccharidase deficiency in patients with GVHD. However, our 
findings are consistent with studies on disaccharidase deficiency 
in patients with chemotherapy related diarrhea, a condition 

where histologic damage to the intestinal mucosa is similar to 
that seen in GVHD [19,20].  

Despite no significant difference being found between those 
with GVHD and those without, the majority of HPCT patients 
(83% with GVHD and 75% without GVHD) were found to have 
isolated lactase deficiency. The majority of our patients were 
African American or Hispanic, and lactose intolerance is reported 
to occur in 11-58% of children with these ethnic backgrounds 
[21-23]. While this may, in part, explain the high prevalence of 
lactase deficiency seen in our patients, the percentages of HPCT 
patients (both with and without GVHD) with lactase deficiency 
are still much higher than those reported in the literature for 
healthy Hispanic and African American children. While no 
histological abnormalities were seen in a subset of patients 
with lactase deficiency we hypothesize that because individual 
disaccharidases are found in an array along the intestinal villous, 
with lactase being the most distal [24-26], this enzyme may be 
more vulnerable to the minor intestinal damage that may be 
caused by chemotherapeutic agents used for preconditioning and 
immunosuppresion or by grade 1 or 2 GVHD. 

Additionally, our data show that 3 patients with GVHD and 
3 without GVHD had viruses in their intestinal biopsies, and 
1 patient with GVHD had C. Difficile toxins A and B in his stool 
(Table 3). This difference in number of patients with concomitant 
intestinal  infections is not significant (p=0.8), and we can 
therefore conclude that mild, Grade 1-2 disease does not increase 
the risk of intestinal infection. It remains unclear, however, if 
there is a greater prevalence of infections in patients with more 
severe GVHD and consequently more severe mucosal damage. 

There are several limitations to this study. The sample size in 
the study was small. While there was no statistically significant 
difference in global disaccharidase deficiency or isolated lactase 
deficiency between the GVHD and non GVHD groups, the levels 
of each disaccharidase were lower in the GHVD group. Given 
the variability in levels no statistically significant changes were 
detected. In addition, as previously stated, the majority of our 
patients with GVHD had mild (Grade 1-2) disease. It would 
be interesting to see if there were similar findings in patients 
with more severe GVHD (Grade 3-4), not only with respect to 
disaccharidase activity but also with respect to prevalence of 
concomitant microbial infections. 

In conclusion, our study revealed that there does not 
appear to be an increased prevalence of isolated disaccharidase 
deficiency or global disaccharidase deficiency in pediatric HPCT 
patients with mild Grade 1 or 2 intestinal GVHD as compared 
to HPCT patients without GVHD. There was however a trend 
toward lower disacchariase levels in patients with GVHD. It is 
possible that mild GVHD is not sufficient to result in significant 
disaccharidase loss. Additionally, GVHD is not a uniform process 
and may result in patchy intestinal injury and disaccharidase 
loss. However, regardless of whether there is biopsy evidence of 
GVHD or infection, the majority of HPCT patients with protracted 
diarrhea has isolated lactase deficiency and may therefore benefit 
from a specialized lactose-free diet. 
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