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Decreased Serum Tryptophan and Severe Ulcerative
Damage of Colon Mucosa Identify Inflammatory Bowel
Disease Patients With High Risk of

Cytomegalovirus Colitis

Sophia Rising®*, Lina Welz, MD¥?*, Constanze Pfitzer, MD?3, Danielle Monica Harris, PhD?, Christoph Rocken, MD?,
Philip Rosenstiel, MD?, Susanna Nikolaus, MD'?, Florian Tran, MD'?, Stefan Schreiber, MD'?, Konrad Aden, MD'? and
Laura Katharina Sievers, MD!2

INTRODUCTION: Patients with inflammatory bowel disease (IBD) are predisposed to the reactivation of viral infections
such as cytomegalovirus (CMV). Clinical discrimination of disease flares and colonic CMV reactivation is
difficult in patients with established diagnosis of IBD, and there are no reliable noninvasive diagnostic
tools yet. Furthermore, the influence of novel therapeutics including biologicals and Janus kinase
inhibitors on the risk of CMV colitis is unclear. The goal of this study was to identify risk factors and
clinical determinants of CMV colitis that could serve as minimally invasive markers both for active CMV
colitis and relapse.
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To this end, a retrospective analysis of 376 patients with suspected or confirmed CMV colitis

Previous administration of systemic steroids increased the odds of CMV colitis to OR 4.6. Biologicals

did not change the incidence of CMV colitis but decreased the OR of a relapse to 0.13. Clinical

parameters such as severely bloody diarrhea, intense microscopic ulcerative damage, and decreased
serum tryptophan correlated with detection of CMV. Importantly, persistent decrease of tryptophan was
observed in patients with CMV relapse. Furthermore, tryptophan degradation through the kynurenine

METHODS:

2016-2023 was performed.
RESULTS:

pathway was increased in CMV-positive patients.
DISCUSSION:

Taken together, we identify decreased serum tryptophan as a novel potential minimally invasive marker

to aid identification of IBD patients with active CMV colitis and at high risk for relapse.
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INTRODUCTION

Active chronic inflammatory disease such as inflammatory
bowel disease (IBD) has severe effects on the daily quality of
life for affected individuals and goes along with major organ
complications. For patients with IBD suffering from one of the
2 main subentities, Crohn’s disease (CD) and ulcerative colitis
(UC), complications range from chronic loss of nutrients,
fluid and blood to development of fistula, strictures, absces-
sation, and peritonitis or toxic megacolon with need of sur-
gery. Furthermore, the risk of malignancy in the inflamed
tissue is increased.

Determination of IBD disease activity in patients with estab-
lished diagnosis of IBD relies on a multilayered diagnostic
workup, including (i) clinical, (ii) biochemical, (iii) endoscopic,
and (iv) histologic assessment of disease severity. Furthermore,
unspecific systemic markers of inflammations such as C-reactive
protein (CRP) and blood cell count are assessed. Nonetheless,
specific biomarkers of IBD disease activity allowing distinction
from other intestinal pathology, such as coinciding cytomegalo-
virus (CMV) colitis, are lacking. The metabolic biomarker serum
tryptophan is a candidate to fill this gap: Increased tryptophan
degradation paralleled by decreased serum tryptophan has been
observed to correlate with disease activity in IBD (1). To better
understand tryptophan metabolism in IBD and complications
such as virus reactivation, tryptophan was assessed in all patients
in this study.

CMV is a highly frequent virus in the general population with
a seroprevalence of approximately 66% in western countries and
latently persists in immune cells after primary infection. Immu-
nocompromised patients are at increased risk of CMV reactivation.
Local immune dysregulation and mucosal damage in the intestinal
tract during IBD flares predisposes CMV replication in intestinal
tissue and eventually aggravation of mucosal damage. In case of
worsened symptoms such as pain, diarrhea, and bloody stools in
patients with IBD, CMV reactivation causing CMV colitis has to
be considered as an important differential diagnosis. CMV colitis
is diagnosed by testing colonoscopic biopsies for CMV DNA
and/or performing CMV immunohistochemistry on intestinal
tissue samples. For specificity reasons, CMV polymerase chain
reaction (PCR) of tissue specimen is preferred over blood CMV
PCR, if available. Although CMV-based detection is regarded to be
more sensitive than immunohistochemistry-based detection, the
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clinical significance of low copy numbers is unclear. In contrast to
increased disease activity, which is frequently treated with in-
tensification of immunosuppressive therapy, CMV colitis must be
handled with virustatic therapy and potentially lowered immu-
nosuppressants to support the immune system in clearing off the
virus. Overall, CMV therapy is demanding, and relapses occur
frequently.

Acute IBD disease flares are often resolved with corticosteroid
therapy. Of all things, however, steroid treatment, especially on
prolonged administration, has been associated with CMV reac-
tivation in different clinical settings including IBD and other
diseases. The effect of IBD-specific medication on the risk of
gastrointestinal infections including Clostridioides difficile or
reactivation of latent viral infections such as the herpesviridae
CMYV and varicella zoster virus is still matter of debates. Theo-
retically, gut-specific therapeutic targeting e.g., with the o-1-3-7-
integrin antagonist vedolizumab, might influence intestinal CMV
reactivation (2,3). Janus kinase (JAK) inhibitors such as tofaci-
tinib and filgotinib are suspected to increase the risk of herpes-
virus reactivation.

So far, diagnostics of CMV colitis require invasive sampling of
intestinal tissue during colonoscopy. The main goal of our study
was to identify clinical determinants and prognostic factors for
CMV colitis that could serve as novel minimally invasive bio-
markers. The first part of this study consists of a cross sectional
comparison of patients positive vs negative for CMV DNA in
intestinal biopsies. In the second part, longitudinal analyses of the
clinical course and therapy response of patients with positive
CMYV DNA were performed.

METHODS

Study design and patient cohort

In this study, 376 patient cases compromising CMV PCR mea-
surement from colon biopsy specimens between 2016 and 2023
were analyzed. The study was monocentric and conducted retro-
spectively at University Hospital Schleswig Holstein in Kiel, which
is a tertiary reference center with a large outpatient clinic for
patients with IBD. The cohort combined patients who were iden-
tified for study inclusion in 2 different ways (Figure 1). A search in
the clinical information system identified 249 patients meeting all
of the following parameters: (i) consented to data analyses (Broad
consent Universitatsklinikum Schleswig-Holstein), (ii) diagnosed
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Broad consent signed
Diagnosis K50.x/ K51.x/ K52.x
lleocolonoscopy OPS-2021: 1-65| |lleocolonoscopy OPS-2021: 1-65
CMV PCR from biopsy CMV PCR from biopsy

249 patients, 30 CMV positive 129 patients, 22 CMV positive

Scientific biopsy cohort
Diagnosis K51.x/

376 individuals included
52 CMV positive
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Figure 1. Study cohort with suspected CMV colitis. CMV, cytomegalovirus;
PCR, polyerase chain reaction.

with IBD as determined by ICD-10 diagnostic code according to
International Statistical Classification of Diseases and Related
Health Problems K 50.x/K51.x/K52.x, (iii) received ileocolono-
scopy as determined by OPS-2021 (Operations and Procedures
Code): 1-65, and (iv) CMV PCR was performed on intestinal bi-
opsy. Patients lacking one of the criteria were excluded, e.g., in case
of missing CMV PCR result or alternative diagnosis leading to
endoscopy. Furthermore, 129 patients were identified as part of
a scientific IBD-biopsy cohort. The ethics committee has approved
both parts of the study (P2N-transfer request 2021-011; Scientific
biopsy cohort EA B231/98).

Decreased Serum Tryptophan

Table 1. Demographics of the study population

Mean SD
Age 44.6 16.5
Weight (kg) 77.3 184
BMI 25.1 5.1
n %
Male sex 210.0 5519
Diagnosis ulcerative colitis 217.0 60.4
History of smoking 56.0 17.4
Recent smoking 44.0 13.3
Previous CMV colitis 24.0 6.7
Mean SD
Years since diagnosis 11.6 10.2

BMI, body mass index; CMV, cytomegalovirus.

Clinical parameters and laboratory results were exported from
the clinical information system. Disease activity indices were
automatically calculated. Stool frequency is given as total daily

BMI Disease duration
ns
60
40
o
o
g

a
C
180 180
135 135
90 90
45 45
Male Female Male Female uc CD
CMV neg. CMV pos. CMV neg.

400
300
200
100
o —— | I
uc CcD prev. CMV no prev. CMV no
CMV pos. CMV neg. CMV pos.

Figure 2. Demographics of patients with suspected and confirmed CMV colitis. (a) Proportion of CMV-positive and CMV-negative biopsy specimen. (b) Age,
BMI, and disease duration depend on CMV status. (c) Representation of sex (left), disease entity (middle), and history of CMV calitis (right) among the cohort
(Data available for n = 376; statistical test: unpaired ttest; **P < 0.005, * P < 0.05). BMI, body mass index; CD, Crohn’s disease; CMV, cytomegalovirus;

UC, ulcerative colitis.
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Table 2. Clinical presentation of patients with IBD undergoing
colonoscopy with biopsy and tissue CMV PCR (A) clinical
parameters (data available for 293 patients) (B) clinical disease
activity indices (data available for CMV PCR negative + positive =
total patients: CDAIn =91 + 5 =96, HBIn = 85 + 5 = 90,
pMayon =90 + 34 = 122, CAln = 89 + 33 = 122)

CMV PCR CMV PCR
negative positive
(A) Mean SD Mean SD P
Stool frequency (daily) 4.4 4.0 8.3 7.0 <0.001
n % n %
Fever > 39 °C 1.0 0.3 1.0 2.4
Moderately bloody stool 51.0 15.7 13.0 29.5
Severely bloody stool 29.0 9.0 12.0 28.2 <0.005
CMV PCR negative CMV PCR positive
(B) Median IGR Median IGR P
CDAI 109 138 158 55.0 0.664
HBI 5 5.25 5 4.0 0.741
pMayo 2 2 3 1 0.088
CAl 6 5 6 6 0.860

CAl, Colitis Disease Activity Index; CDAI, Crohn’s Disease Activity Index; CMV,
cytomegalovirus; HBI, Harvey-Bradshaw Index; IBD, inflammatory bowel
disease; IQR, interquartile range.

count. Stool was termed bloody if streaks of blood were repor-
ted <50% or severely bloody if blood was present in >50% of
bowel movements.

Amino acid measurement
In the main study, serum tryptophan was part of clinical routine
laboratory features and determined using a high-performance liquid
chromatography (1). Reference range was given 48-109 pmol/L.
In the subgroup with quantification of tryptophan, kynur-
enine, serotonin, 3-Indoleacetic acid, Indolepropionic acid,
and indoxyl sulfate, amino acids were examined using the
Biocrates MxP Quant 500 XL Kit (Biocatres Life Sciences AG,
Innsbruck, Austria) with a workflow as recommended by the
manufacturer.
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Table 3. Current medication of patients with IBD in the study
cohort

CMV PCR negative CMV PCR positive
N (total 324) % N (total 52) % P
Prednisolone 61 18.8 28 53.8 <0.001
Sulfasalazine 6 19 1 19
Mesalazine 136 42.0 25 48.1
Budesonide 29 9.0 0 0.0
Azathioprine 22 6.8 3 5.8
Infliximab 34 10.5 5 9.6
Adalimumab 16 49 4 7.7
Vedolizumab 34 10.5 9 17.3
Ustekinumab 25 7.7 4 7.7
Tofacitinib 8 25 3 58
Filgotinib 5 1.5 0 0.0

CMYV, cytomegalovirus; IBD, inflammatory bowel disease.

Quantitative CMV PCR

Total DNA was isolated from biopsy specimen using the Alto Star
Automation System AM 16 (altona Diagnostics GmbH, Ham-
burg, Germany) according to the manufacturer’s instructions.
PCR was performed using the Alto Star CMV PCR Kit 1.5 (altona
Diagnostics GmbH), and PCR products were analyzed using
Biorad CFX96 DX and CFX 3.1 software (both Bio-Rad Labo-
ratories GmbH, Feldkirchen, Germany). This method enables
detection of 250-100,000,000 IU/mL.

Statistical analyses

Statistical analyses are primarily descriptive. For group comparisons,
the x? test was used for nominal/ordinal variables and the Student
t-test for metric variables. Analyses were performed using the software
GraphPad Prism (version 9.5.1) and Apple Number (version 11.7).

RESULTS

Demographics of IBD patients with suspected and confirmed
CMV colitis reveal age, UC and previous CMV colitis as
predominant risk factors of active CMV colitis

To characterize clinical determinants of CMV colitis, we estab-
lished a database of 324 different cases of patients with IBD who

CRP

Tryptophan Calprotectin
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Figure 3. Blood count, serum, and fecal inflammatory markers in the cohort of IBD patients with available CMV PCR (Hb, leukocytes, thrombocyte, CRP
available for n = 280; tryptophan n = 108, calprotectin n = 60; statistical test: unpaired f test; ***P < 0.001, **P < 0.005, *P < 0.05). CMV,

cytomegalovirus; CRP, C-reactive protein; IBD, inflammatory bowel disease.
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Figure 4. Endoscopic and histological findings of the study cohort. (a) Distribution of Nancy index score in CMV-positive and CMV-negative patients (n = 180). (b)
Comparison of serum tryptophan in patients with inflammation graded Nancy three-fourths with or without detection of CMV (n = 102). CMV, cytomegalo virus.

underwent ileocolonoscopy with determination of CMV. The
mean age of patients was 44.5 years, and the mean body mass
index was 25.1 kg/m? (Table 1). 55.9% of included patients were
male. IBD entities were almost evenly distributed, with 57.7%
patients with UC and 42.3% patients with CD, respectively. The
mean disease duration since diagnosis was 12.0 years. 6.6% of the
patients had a history of previous CMV colitis (Table 1).
Opverall, 52 patients were diagnosed as CMV positive and 324
as CMV negative (Figure 2a). The mean age of CMV-positive
patients was 45.1 years, which was significantly higher than
41.4 years, the mean age of CMV-negative patients. Still, disease
duration was longer in CMV-negative than in CMV-positive
patients (Figure 2b). Male patients and female patients as well as
the mean body mass index were evenly distributed in both groups.
Furthermore, diagnoses of UC and previous CMV colitis in-
creased the odds for CMV-positive study biopsy (Figure 2c).

Severe bloody diarrhea, serum tryptophan wasting, and systemic
prednisolone associate with increased risk of positive colonic
CMV PCR

In the overall cohort, the mean stool frequency was 3 times daily. 44
patients reported moderately bloody stool and 23 reported severely
bloody stool. Median clinical activity scores were related to mild or
moderate disease (CD: median Crohn’s Disease Activity Index

Table 4. Histopathological scoring with Nancy index in CMV-
positive and CMV-negative patients with UC

CMV PCR CMV PCR
negative positive
Median IQR Median IGR P
Nancy Index UC 2 1 3 2 <0.001
n % n %

Nancy O 22 159 2 4.9
Nancy 1 12 8.7 2 49
Nancy 2 42 30.4 8 19.5
Nancy 3 44 319 11 26.8
Nancy 4 18 13.0 18 439 0.002

CMYV, cytomegalovirus; IQR, interquartile range; UC, ulcerative colitis.

American College of Gastroenterology

(CDAI) 114 and Harvey-Bradshaw Index (HBI) 5; UC: median
Physician’s Mayo Score (pMayo) 2 and Colitis Activity Index
(CAI6) (Table 2). Clinical disease activity indices were hardly
correlating with CMV status (Table 2).

Comparing specific subscores in CMV-negative and CMV-
positive patients, it turned out that stool frequency was signifi-
cantly increased in CMV colitis with a mean of 8.3 stools daily
(Table 2). Furthermore, severely bloody stool was more fre-
quently stated by CMV-positive patients with 28.2% compared
with 5.3% of CMV-negative patients (Table 2).

Blood hemoglobin, most likely due to increased rectal blood
loss, was lower in CMV-positive patients, while thrombocytes or
inflammatory parameters such as CRP or leukocyte count did not
allow for deduction of CMV status (Figure 3).

It has previously been shown that serum tryptophan levels act
asasurrogate marker of severity of inflammation in IBD (1,4). We
therefore assessed serum tryptophan in patients with UC and CD
and remarkably observed serum tryptophan levels to be lower in
CMV-positive patients compared with CMV-negative patients
with IBD. Of note, fecal calprotectin as an established biomarker
of IBD disease severity was found to exhibit no detectable changes
with CMV status, although it needs to be considered that fecal
calprotectin was only measured in 15.7% of patients included in
this study (Figure 3).

Medical therapy included mesalazine in almost half the
patients. 32.4% received biologics or JAK inhibitor therapy. There
was no significant association of IBD therapy in general or specific
agents such as infliximab, adalimumab, vedolizumab, ustekinu-
mab, tofacitinib, or filgotinib with positive CMV PCR (Table 3).
However, there was a tendency toward increased risk of CMV
colitis in patients from our cohort currently treated with tofaci-
tinib. Furthermore, the relative risk of patients currently receiving
systemic steroids was 3 times higher (odds ratio 5.2; Table 3).

In conclusion, severe bloody diarrhea, especially despite ad-
ministration of systemic steroids, and serum tryptophan re-
duction may identify patients at risk of positive CMV.

Histopathological presentation of CMV colitis associates with
augmented epithelial and ulcerative damage and depleted
serum tryptophan

To further substantiate the hypothesis that CMV infection results
from uncontrolled chronic mucosal inflammation, we assessed the
endoscopic and histopathological scoring of mucosal biopsies from

Clinical and Translational Gastroenterology
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Figure 5. Clinical course of CMV colitis in the study population. (a) Schematic representation of the clinical management of CMV-positive patients. (b)
Evolvement of the clinical symptoms stool frequency and bloody stool during treatment of CMV calitis. (¢) Course of serum tryptophan at the initial time point
and follow-up (left panel) and comparison of tryptophan between patients with or without future relapse. CMV, cytomegalovirus.

CMV-positive patients. Higher endoscopic activity scoring corre-
lated with detection of CMV (Figure 4a). As the majority of CMV-
positive patients were patients with UC (47 UC vs 5 CD patients), we
only examined the Nancy histological index for patients with UC,
which is a validated score to assess disease activity: 0 denotes no or
mild chronic inflammation, 1 denotes mild chronic inflammation,
whereas a score of 2-4 corresponds to increasing grades of acute
inflammation. Overall, we observed that the median Nancy index for
CMV-positive cases was significantly higher compared with CMV-
negative patients, as 75.3% of CMV-negative patients with UC
exhibited acute inflammation (Nancy 2-4), compared with 90.2% in
the CMV-positive subgroup (Table 4). Most importantly, 43.9% of
CMV patients exhibited severe ulcerative tissue damage in histology
(Nancy 4; Table 4). The proportion of patients with severe ulcer-
ations was significantly lower in the CMV-negative group (Table 4
and Figure 4b). Of note, in patients with Nancy 3 or 4, we found
serum tryptophan to be significantly depleted in CMV-positive
patients compared with CMV-negative patients, again implying that
the amino acid can function as an independent surrogate marker of
CMYV colitis on high disease severity (Figure 4c).

Clinical course and relapse of CMV colitis correlates with
serum tryptophan

Patients with UC diagnosed with CMV colitis received an acute
treatment with intravenous ganciclovir for 2 weeks, according to

Clinical and Translational Gastroenterology

national and international guidelines (5). 9.5% of patients were
diagnosed with known or suspected resistance to ganciclovir
treatment and were subsequently switched to foscarnet. To un-
derstand whether clinical and laboratory features that associated
with diagnosis of CMV colitis could also be utilized to assess or
even predict the success of CMV colitis therapy, we retrospec-
tively screened all patients undergoing antiviral therapy. 98.1% of
patients received antiviral therapy in a hospitalized setting due to
severe disease course. In this context, therapy surveillance was
conducted by follow-up sigmoidoscopy and PCR quantification
of mucosal CMV load around day 10 after therapy initiation. In
the follow-up endoscopy, which was performed 11 days after
diagnosis, 45.8% of the mucosa samples were CMV negative and
CMV load significantly decreased in 50.0% of cases, often-
times <<25% of the initial quantitation result (Figure 5a).

Stool frequencies were not significantly lowered in therapy
responders than before the therapy; however, fecal blood loss
decreased, although this did not directly translate into restored
levels of hemoglobin (Figure 5b). In parallel, serum tryptophan
levels, which we identified to be decreased at the time point of
CMV diagnosis, gradually restored (Figure 5c). Most impor-
tantly, we observed that restoration of serum tryptophan levels at
day 10 after the initiation of antiviral therapy was strongly asso-
ciated with long-term viral clearance: Patients not experiencing
a relapse of CMV colitis displayed significantly higher serum
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Figure 6. Tryptophan metabolite analyses were assessed for CMV-positive (n = 4, n = 2 eMayo 2 and n = 2 eMayo 3) and CMV-negative (n = 46, n = 30
eMayo 2 and n = 16 eMayo 3) patients. Tryptophan can be degraded through different pathways, the key metabolites kynurenine, serotonin, 3-Indoleacetic
acid, Indolepropionic acid, and indoxyl sulfate were quantified (statistical test: Mann-Whitney test; **P < 0.005, *P < 0.05). CMV, cytomegalovirus.

tryptophan levels compared with patients suffering a relapse of
CMYV colitis (Figure 5c), which exhibited a persistent decrease of
tryptophan at follow-up. Of note, serum tryptophan reduction
did not correlate with quantitative CMV PCR.

The proportion of patients receiving biologic treatment was
more than twice as high in the group without relapse, with bi-
ological therapy decreasing the odd’s ratio (OR) to 0.13, and
treatment with systemic steroids in comparison with the initial
manifestation that did not significantly alter the risk of relapse,
suggesting a supportive effect of intensified pharmacologic IBD
therapy on CMV clearance (Figure 5a).

Tryptophan degradation through the kynurenine pathway is
increased during CMV colitis

Breakdown of tryptophan can occur through different mech-
anisms. A majority is degraded through the kynurenine path-
way. Furthermore, tryptophan can be degraded into serotonin
and melatonin or, into indole derivatives, e.g., during bacterial
catabolism in the gut. To better understand the mechanism of
decreased tryptophan during CMV colitis and raise mecha-
nistic hypotheses, metabolites were examined in a subgroup of
patients. Kynurenine was increased in CMV-positive patients,
paralleled by an increased kynurenine to tryptophan ratio
(Figure 6). Serotonin, 3-Indoleacetic acid, Indolepropionic
acid, and indoxyl sulfate were not altered. Thus, tryptophan

American College of Gastroenterology

seems to be increasingly degraded through the kynurenine
pathway during CMV colitis.

DISCUSSION
In this study, we present the largest available compilation of IBD
patients with suspected or confirmed colonic CMV reactivation.
The study population consists of IBD patients with at least mod-
erate clinical disease activity—this bias is unsurprising, since
quantitative CMV PCR from biopsy samples is not mandatory and
more likely to be tested in macroscopically inflamed mucosa.
However, in contrast to stool frequency, CRP, and leukocytes, se-
verely bloody stool paralleled by histological observation of
ulcerations was found to be characteristic for CMV colitis. In-
terestingly, patients with UC appear at higher risk of CMV colitis
than patients with colonic CD. The continuous, not just segmental,
epithelial inflammation might prime a more severe epithelial
barrier dysfunction and cause a locally immunocompromised
milieu. In addition, the cytokine pattern driving UC pathophysi-
ology might augment susceptibility toward viral infections (6,7). T
helper cell 2 lymphocytes, interleukin-13, and tumor-necrosis
factor o, which play important roles in UC pathophysiology, in
comparison with CD-related immune response are inferior in
fighting viral pathogens, which might exacerbate local dysregula-
tion of the immune system and open the window for CMV.

In parallel to other studies, we also show that steroid therapy is
associated with CMV reactivation. Interestingly, the risk of

Clinical and Translational Gastroenterology
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relapse was not altered. Systemic steroids constitute the primary
acute therapy of IBD disease flares. However, it is not possible to
discriminate whether high disease activity led to steroid treatment
and hence, CMV reactivation, or whether CMV reactivation
necessitated steroid therapy due to worsened symptoms. Along
the same line, patients treated with biologicals and high disease
activity can suffer either from a nonresponse, a loss of function of
their therapeutic, or from CMV colitis. In our study, targeted
biological therapy did not appear to alter the risk of CMV colitis.
However, JAK inhibitors here are observed to go along with an
increased tendency of CMV reactivation (3). This tendency might
be confounded by low number of patients on JAK inhibitors or
the fact that in clinical practice, this medication is often admin-
istered at a later stage of disease.

It has been previously shown that serum tryptophan was de-
graded in patients with IBD and its reduction correlated with
disease activity (1,8). In these studies, tryptophan was more pro-
nouncedly reduced in patients with CD than in patients with UC
(1). Interestingly, CD patients less frequently suffer from CMV
colitis. Serum tryptophan appears to be associated with CMV
reactivation independent of disease severity, since among patients
with severe ulcerative epithelial damage, serum tryptophan levels
of CMV-positive patients were lower than in CMV-negative
patients. The decrease in tryptophan caused by autoimmune and
virus-induced inflammation apparently added to each other.
Thus, lower tryptophan levels in UC, together with other
parameters, may identify patients at risk of both CMV colitis and
relapse. In parallel, an association of tryptophan and other amino
acid catabolites and CMV reactivation has been described in
transplant recipients (9). The breakdown of tryptophan through
the kynurenine pathway was higher in CMV-positive patients.
This effect might be explained by upregulation of the key enzyme
of this pathway, indoleamine-2,3-dioxygenase (IDO). Viral rep-
lication induces an interferon-y-dominated immune response and
interferon-y-induced IDO, in turn, contributes to limiting CMV
replication in epithelial cells (10). The interaction of viral infection,
autoimmunity, and amino acid metabolism is complex, for ex-
ample, IDO induction in vivo inhibits T-cell activation and
function (11). In concordance with other observations with her-
pesviridae infection, restored serum tryptophan level during
virostatic therapy was found to be associated with virus clearance,
while persistently decreased tryptophan went along with aug-
mented relapse frequency irrespective of confirmed therapy re-
sponse by means of CMV PCR (12). These kinetics of serum
tryptophan might reflect both virus clearance and healing of
the mucosal barrier with sustainedly low tryptophan indicating
continued, unresolved damage and persistent upregulation of
tryptophan-degrading enzymes (4,13).

Notably, pharmacological targeting and restoration of trypto-
phan metabolism is recent matter of research in different fields
(8,14). Deciphering the pathophysiology of serum tryptophan in
CMYV reactivation may enable utilization of these advances in IBD.

The strength of this study is that it presents the largest avail-
able dataset to date on colonic CMV reactivation in patients with
IBD. The cohort has been thoroughly phenotyped, and clinical
parameters have been assessed at multiple time points. The study
combines standard parameters used in state-of-the art clinical
care and tryptophan as a noninvasive marker with growing evi-
dence and potential availability in clinical routine.

A major limitation comes with the retrospective and single
center design of the study. The study population was majorly
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European or Asian, and the results might not be generalizable to
other ethnicities. It has been previously shown that tryptophan is
decreased in patients with IBD compared with healthy controls,
however in this study involved only IBD patients with clinical
signs of inflammation. Future analyses, also including other
study centers, are necessary to prove the effect. The quantita-
tion of amino acid degradation products and calprotectin was
available for a very low number of patients and should be
replicated too.

CONCLUSIONS

Noninvasive confirmation or ruling out of CMV colitis is not
established yet. However, diagnosis of UC, steroid nonresponse,
severely bloody stool, and low serum tryptophan may identify
patients at particular risk. The study identified tryptophan as
a novel marker in CMV colitis.
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Study Highlights
WHAT IS KNOWN

/ Cytomegalovirus reactivation mimics acute disease flares in
patients with inflammatory bowel disease.

\/ Differential diagnostic workup requires invasive testing.

WHAT IS NEW HERE

\/ Decreased serum tryptophan correlates with cytomegalovirus
reactivation.
Restoration of serum tryptophan parallels response to
antiviral therapy.
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