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Abstract
Collagenous colitis (CC) is associated with non-bloody, watery diarrhea, which is pathophysiologically reasonable because 
normal colonic absorption (or excretion) of water and electrolytes can be blocked by the abnormally thick collagen layer in 
CC. However, CC has also been associated with six previous cases of protein-losing enteropathy (PLE), with no pathophysi-
ologic explanation. The colon does not normally absorb (or excrete) amino acids/proteins, which is primarily the function 
of the small bowel. Collagenous duodenitis (CD) has not been associated with PLE. This work reports a novel case of CD 
(and CC) associated with PLE; a pathophysiologically reasonable mechanism for CD causing PLE (by the thick collagen 
layer of CD blocking normal intestinal amino acid absorption); and a novel association of PLE with severe COVID-19 
infection (attributed to relative immunosuppression from hypoproteinemia, hypoalbuminemia, hypogammaglobulinemia, 
and malnutrition from PLE).
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Introduction

Collagenous colitis (CC) is associated with non-bloody, 
watery diarrhea, which is pathophysiologically reasonable 
because normal colonic absorption (or excretion) of water 
and electrolytes can be blocked by the abnormally thick 
collagen layer [1]. However, CC has also been associated 
with six cases of protein-losing enteropathy (PLE) ([2–7]; 
Table 1), with no pathophysiologic explanation. The colon 
does not normally absorb (or excrete) amino acids/proteins, 
which is primarily the function of the small bowel [8].

Collagenous duodenitis (CD)1 (or enteritis) has not been 
associated with PLE [9–19].2 This work reports a novel case 
of CD (and CC) associated with PLE; a pathophysiologi-
cally reasonable mechanism for CD causing PLE (the thick 
collagen layer of CD blocks normal intestinal amino acid 
absorption); and a novel association of PLE with severe 
COVID-19 infection (attributed to relative immunosuppres-
sion from hypoproteinemia, hypoalbuminemia, hypogamma-
globulinemia, and malnutrition from PLE) [3, 6]. A potential 
association of CD with PLE is clinically important; PLE is a 
life-threatening, but potentially curable, syndrome.

Case Report

A 65-year-old African American woman with a 50-pack-year 
history of smoking tobacco, no prior renal insufficiency, and 
no other medical disorders, presented with nausea, vomiting, 
and generalized abdominal pain for 3 days; five non-bloody, 
watery stools/day; and 14 kg involuntary weight loss over the 
prior 3 months. Physical examination on admission revealed 
a minimally overweight female (BMI = 27.6 kg/m2); normal 
vital signs; dry mucous membranes, absent axillary sweat, 
and poor skin turgor; a non-tender, non-distended abdomen 
without hepatosplenomegaly; and no fecal occult blood. 
The leukocyte count was 6900/mm3 (normal: 3500–10,100 
leukocytes/mm3), and hemoglobin was 13.9 g/dL (normal: 
13.5–17 g/dL). Serum creatinine was 3.61 mg/dL (normal: 
0.6–1.3 mg/dL), blood urea nitrogen was 43 mg/dL (normal: 
7–25 mg/dL), urine specific gravity was 1.023 (> 1.015 con-
sistent with dehydration), and glomerular filtration rate was 
14 mL/min (< 15 mL/min indicates renal failure). Serum 
potassium was 2.7 mmol/L (normal: 3.5–5 mmol/L). Stool 

tests for Clostridioides difficile toxins A and B and for 
ova and parasites were negative. Stool culture for bacte-
rial pathogens was sterile. Stool calprotectin level was 225 
mcg/g (normal: 0–50 mcg/g). Abdominopelvic computed 
tomography (CT) on the initial admission was within nor-
mal limits, with no intra-abdominal lymphadenopathy, mural 
bowel thickening, dilated bowel loops, streaky mesentery, 
or organomegaly.

The patient received lactated Ringer’s solution intrave-
nously at 150 mL/h to reverse dehydration and acute renal 
failure. Tests for celiac disease revealed tissue transglu-
taminase immunoglobulin (Ig) A of 8.4 units/mL (normal: 
0–19.9 units/mL), and total IgA of 247 mg/dL (normal: 
70–365 mg/dL). Colonoscopy, performed for chronic diar-
rhea, revealed an endoscopically normal colon, but histo-
pathology of biopsies taken throughout the colon showed 
an abnormally thick (> 10 μm) subepithelial collagen layer 
diagnostic of CC (Fig.  1a, b). The patient was initially 

Fig. 1  a High-power photomicrograph of hematoxylin and eosin 
stained section of a random colonic biopsy from endoscopically 
normal-appearing colon shows a markedly thickened subepithelial 
collagen (pink) band measuring approximately 40  μm (diagnostic 
of collagenous colitis). b High-power photomicrograph of the same 
colonic biopsy stained with Masson’s trichrome, which highlights the 
collagenous band in blue and confirms the thickened (approximately 
40 μm) collagen layer

1 CD herein denotes collagenous duodenitis and not Crohn’s disease.
2 Excludes references with collagenous gastritis without collagenous 
duodenitis, because the stomach is not physiologically an important 
site of amino acid absorption, and therefore a thickened gastric colla-
gen layer should not pathophysiologically cause protein-losing enter-
opathy [20–22].
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treated with oral budesonide 9  mg/day, with gradually 
decreasing diarrhea, but mesalamine 800 mg twice daily was 
added as therapy because of persisting non-bloody diarrhea, 
with subsequent improvement. The patient was advised to 
cease smoking, as recommended for patients with collagen-
ous colitis [23], but refused.

She was readmitted 1 month later for refractory nausea 
and vomiting. Physical exam revealed anasarca, manifested 
by ascites and 3+ pitting edema of all four extremities. 
Serum albumin was 1.4 g/dL (normal: 3.5–4.9 g/dL), and 
prealbumin was 10 mg/dL (normal: 18–44 mg/dL). Hypoal-
buminemia was not from liver disease: all liver function tests 
were within normal limits. Hypoalbuminemia was not from 
protein-losing nephropathy: urine collection revealed only 
276 mg of protein/24 h (nephrotic syndrome: > 3.5 g/24 h). 
Ascites was not from congestive heart failure: electrocar-
diogram was within normal limits, and chest X-ray did not 
reveal cardiomegaly. Stool alpha-1 antitrypsin was 369 mg/
dL (normal: < 54 mg/dL), a finding diagnostic of PLE [24]; 
anasarca and hypoalbuminemia were therefore due to PLE. 
Iron studies were within normal limits. Vitamin B12, folate, 
and vitamin K were within normal limits, as were choles-
terol and triglyceride levels. Vitamin D level was 14 ng/mL 
(normal 30–100 ng/mL).

Esophagogastroduodenoscopy (EGD) revealed mini-
mally nodular mucosa in the first and second portions of the 
duodenum (Fig. 2a). Histopathology of duodenal biopsies 
revealed severe CD [Fig. 2b, c; collagen layer in (c) measur-
ing approximately 332 μm, > 10 μm characteristic of CD)], 
and of gastric biopsies revealed no Helicobacter pylori. 
Azathioprine was added to the regimen of mesalamine and 
budesonide. A dietician recommended a protein-rich diet 
supplemented with medium-chain triglycerides, but patient 
refused this diet as unpalatable, and was discharged on total 
parenteral nutrition (TPN).

The patient presented 2 months later with nausea, vom-
iting, worsening diarrhea, cough, and dyspnea for 7 days. 
She was taking budesonide, but was noncompliant with aza-
thioprine and mesalamine. Physical examination on admis-
sion revealed a mildly thin woman (BMI = 23.47 kg/m2); 
pulse of 100 beats/min, temperature of 36.6 °C, 18 breaths/
min, and  O2 saturation of 99% on room air; dry mucous 
membranes; moderate ascites; and soft, non-distended, and 
non-tender abdomen. Laboratory tests revealed 7900 leu-
kocytes/mm3 (normal: 3500–10,100 leukocytes/mm3), cre-
atinine of 0.87 mg/dL (normal: 0.6–1.3 mg/dL), potassium 
of 2.4 mmol/L (normal: 3.5–5 mmol/L), albumin of 2.3 g/
dL (normal: 3.5–4.9 g/dL), prealbumin of 8 mg/dL (nor-
mal: 18–44 mg/dL), and serum IgG of 491 mg/dL (normal: 
550–1650 mg/dL), findings consistent with malnutrition 
from PLE. Nasopharyngeal swab was positive for COVID-
19 infection by nucleic acid amplification, as confirmed by 
polymerase chain reaction. C-reactive protein was 48.4 mg/L 

(normal: 0–7.9 mg/L), attributed to active COVID-19 infec-
tion. Stool studies for Clostridioides difficile toxins A and 
B and for ova and parasites were negative. Stool culture for 
bacterial pathogens was sterile. Repeat EGD with duodenal 

Fig. 2  a Esophagogastroduodenoscopy (EGD) revealed endoscopi-
cally essentially normal (minimally nodular) mucosa in first and sec-
ond portions of duodenum, as illustrated for the second portion of the 
duodenum. b Medium-power photomicrograph of hematoxylin and 
eosin-stained section of a random biopsy of endoscopically relatively 
normal-appearing second portion of duodenum shows severe to total 
blunting of the villi, with no appreciable villous height. The collagen 
band measures approximately 121 microns (> 10 microns diagnostic 
of collagenous duodenitis). This collagen band is thicker than that 
observed in the colon (Fig.  1a). c Medium-power photomicrograph 
of the same duodenal biopsy stained with Masson’s trichrome, which 
highlights collagen in blue, shows extensive collagenization of duo-
denal mucosa, with more discernable collagenization visualized in 
this stain (measuring approximately 332 μm of entire thickness of the 
lamina propria) than demonstrated in the hematoxylin and eosin stain
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biopsies revealed persistent CD. She received intravenous 
hydration, TPN, hydroxychloroquine for COVID-19 infec-
tion, and budesonide for CD. She did well without develop-
ing respiratory distress and was discharged 11 days after 
admission.

Discussion

Etiologies of PLE include erosive GI mucosal diseases such 
as Crohn’s disease or GI malignancies; diseases causing 
intestinal lymphatic fluid loss from lymphatic obstruction, 
such as primary intestinal lymphangiectasia, or lymphoma; 
and diseases increasing intestinal mucosal permeability such 
as Ménétrier’s disease [25, 26]. CC is a reported cause of 
PLE but lacks a pathophysiologic basis. The current work 
suggests a novel association of CD (and CC) with PLE. 
Linkage of CC with CD can explain the pathophysiology 
of PLE by disruption of normal amino acid absorption by 
the thick intestinal collagen layer in CD (12× upper limit of 
normal in the current case). Patients with CC and PLE may 
be reasonably tested to exclude CD by intestinal biopsies. 
Diagnosing PLE etiology is important to initiate specific 
therapy.

The current diagnosis of CD was challenging because 
of negative serology for celiac disease and absence of iron 
deficiency anemia. CD often occurs with celiac disease [27], 
which by itself has a mildly increased subepithelial collagen 
layer [28]. Initiation of a gluten-free diet causes regression 
of collagen in celiac disease, but not in CD. Collagenous 
celiac disease (collagenous sprue) has been rarely reported 
but has not been associated with PLE, even though it has 
been associated with hypoalbuminemia [29]. Although this 
patient had severe to total blunting of the intestinal villi 
(Fig. 2b), the patient did not have collagenous sprue, as 
shown by negative serology for celiac disease.

Collagen deposition in CC is believed to be immune-
mediated; autoimmune diseases, medications, viruses, and 
bacteria are speculated triggers [19, 28, 30], including one 
case of Yersinia enterocolitica [14]. Collagen deposition and 
inflammation in CC may extend from the colonic to intes-
tinal mucosa and cause CD by dysfunction of subepithelial 
myofibroblasts [10, 17]. CC is characterized by an abnor-
mally thick (> 10 μm diameter) subepithelial hyalinized 
collagen band [19, 21, 27, 30]. Although CC is frequently 
reported, CD is rarely reported [13]. Because of its rarity, 
CD is not usually suspected in patients with CC.

Immunosuppression from human immunodeficiency virus 
infection, cancer, solid organ transplantation, immunomodu-
latory therapy for autoimmune diseases, and malnutrition 
can cause severe COVID-19 outcomes, including prolonged 
hospitalization, intensive care unit admission, renal failure, 
intubation, mechanical ventilation, and mortality [31–33]. 

This work suggests that PLE may be associated with severe 
COVID-19 infection, most likely from severe malnutrition, 
manifested by hypoproteinemia, hypogammaglobulinemia, 
hypoalbuminemia, and low prealbumin. Immunosuppression 
from corticosteroid therapy (budesonide in the current case) 
is a controversial risk factor for severe COVID-19 infec-
tion, because corticosteroids may improve the prognosis of 
COVID-19 infection.

COVID-19 can affect the digestive system [34–36]. The 
receptor-binding domain of COVID-19 binds strongly to 
human angiotensin converting enzyme-2 (ACE-2), which 
is abundantly expressed in the intestines [37]. Studies have 
identified COVID-19 RNA in stool specimens of infected 
patients, suggesting the virus may infect the digestive system 
[34]. It is interesting to speculate whether COVID-19 infec-
tion may be more severe in patients with intestinal disease, 
such as CD.

This report is limited by its single-case retrospective 
nature. However, an association of PLE with CD has a solid 
pathophysiologic basis because the small intestine is the pri-
mary site of amino acid (protein) absorption, which should 
be severely compromised by a thick intestinal collagen layer. 
In contrast, the colon does not play a physiologic role in 
amino acid absorption and CC should not affect amino acid 
absorption. A minor criticism is that the patient’s collagen-
ous colitis was treated about 1 year ago with budesonide 
and mesalamine. Mesalamine has recently been delisted as 
recommended therapy for collagenous colitis [38]. Strengths 
of this work include a strongly positive diagnosis of PLE 
by alpha-1 antitrypsin levels, a strongly positive pathologic 
diagnosis of CD, and exclusion of other major causes of 
hypoalbuminemia and anasarca aside from PLE. This work 
requires confirmation in a large prospective trial, but such a 
trial may be problematic because CD is relatively rare.

Conclusion

This case demonstrates that presentation of CD (with CC) 
can result in PLE, attributed to a thick collagen layer pre-
venting absorption of amino acids/proteins in small intes-
tine. Immunosuppression from hypoproteinemia, hypoalbu-
minemia, hypogammaglobulinemia, and malnutrition from 
PLE likely constitutes a high risk factor for severe COVID-
19 infection.
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