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course of ulcerative colitis (UC) in up to 25% of cases with a 

third of these episodes being the presentation of UC.1,2 Intra-

venous (IV) steroids remain first-line therapy for ASUC, but 

only 60% patients respond to IV steroids, with the rest requir-

ing rescue in the form of advanced immunosuppression (inf-

liximab or ciclosporin) or surgery.3 It is clinically highly rele-

vant to predict steroid nonresponse in order to identify pa-

tients who need a change in treatment strategy to improve 

outcomes, both in the short and medium term. Baseline endo-

scopic severity, stool frequency, C-reactive protein (CRP) at 
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Background/Aims: Predictors of short-term outcome of intravenous (IV) steroid therapy in acute severe ulcerative colitis (ASUC) 
have been well described, but the impact of cytomegalovirus (CMV) infection as a predictor of outcome remains debatable. We 
investigated the role of quantitative CMV polymerase chain reaction (PCR) as a predictor of short-term outcome in patients 
with ASUC. Methods: Consecutive patients with ASUC satisfying Truelove and Witts criteria hospitalized at All India Institute of 
Medical Sciences (AIIMS) from May 2016 to July 2019 were included; all received IV steroid. The primary outcome measure was 
steroid-failure defined as the need for rescue therapy (with ciclosporin or infliximab) or colectomy during admission. AIIMS’ in-
dex (ulcerative colitis index of severity > 6 at day 1+fecal calprotectin > 1,000 μg/g at day 3), with quantitative CMV PCR on biopsy 
samples obtained at initial sigmoidoscopy were correlated with the primary outcome. Results: Thirty of 76 patients (39%) failed 
IV corticosteroids and 12 (16%) underwent surgery. Patients with steroid failure had a significantly higher mucosal CMV DNA 
than responders (3,454 copies/mg [0–2,700,000] vs. 116 copies/mg [0–27,220]; P < 0.01). On multivariable analysis, mucosal CMV 
DNA load > 2,000 copies/mg (odds ratio [OR], 10.2; 95% confidence interval [CI], 2.6–39.7; P < 0.01) and AIIMS’ index (OR, 39.8; 
95% CI, 4.4–364.4; P < 0.01) were independent predictors of steroid-failure and need for colectomy. The combination correctly 
predicted outcomes in 84% of patients with ASUC. Conclusions: High mucosal CMV DNA ( > 2,000 copies/mg) independently 
predicts failure of IV corticosteroids and short-term risk of colectomy and it has an additional value to the established markers of 
disease severity in patients with ASUC. (Intest Res 2021;19:438-447)
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ORIGINAL ARTICLE

INTRODUCTION

Acute severe ulcerative colitis (ASUC) as defined by Truelove 

and Witts criteria is a medical emergency requiring hospital-

ization and time bound management. ASUC complicates the 
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day 3 and fecal calprotectin (FCP) at day 3 have been correlat-

ed with short-term outcomes in ASUC during the index ad-

mission.4-7 Our previous study described the All India Institute 

of Medical Sciences (AIIMS)’ index (a prediction score com-

prising–baseline ulcerative colitis endoscopic index of severity 

[UCEIS] > 6/8 and day 3 FCP > 1,000 μg/g) and its high posi-

tive predictive value (100%) in predicting steroid nonresponse 

in patients with ASUC.6 Apart from predicting nonresponse to 

steroids, the index provides a way of determining the impact 

of external factors on short-term outcome, including cytomeg-

alovirus (CMV) infection.  

CMV being reported in colonic tissue in 33%–36% of steroid 

refractory colitis has been postulated as one of the reasons for 

flare of UC.8 However it is still not clear whether CMV primari-

ly worsens the inflammation in patients with severe UC or is a 

secondary phenomenon, and merely a marker of severe dis-

ease.9-11 CMV infection is conventionally diagnosed by pres-

ence of inclusion bodies on histopathological examination 

and immunohistochemistry (IHC) against CMV antigen, but 

these methods are time consuming and results are usually not 

available at day 3 of IV corticosteroid therapy when decision 

for stepping up immunosuppression is required. Quantitative 

CMV polymerase chain reaction (PCR) in mucosal tissue has 

a rapid turnaround time and can be used to identify CMV in-

fection in ASUC. It has also been found to predict CMV IHC 

positivity.12-15 However, the significance of CMV mucosal PCR 

and high viral load on the outcomes in ASUC is still debatable. 

Moreover, whether CMV adds to the predictive value of exist-

ing severity indices, remains unknown. The present study was 

therefore designed to evaluate the role of quantitative mucosal 

CMV PCR as a predictor of outcomes in patients with ASUC 

and to find out whether it adds to previously defined predic-

tors of short-term outcomes. 

METHODS

1. Patients
All patients with ASUC defined by Truelove and Witts criteria 

(6 or more stools with blood and 1 or more of following: he-

moglobin < 10.5 g/dL, erythrocyte sedimentation rate > 30 

mm/hr, fever > 37.8°C, or tachycardia > 90/min) who were 

hospitalized at AIIMS, New Delhi from May 2016 to July 2019 

were screened for inclusion.16,17 Secondary referrals, children 

< 18 years and patients who had detectable Clostridioides dif-

ficile toxin were excluded.

2. Ethical Considerations
The study was approved by Institute Review Board of AIIMS 

(IRB No. IESC/T-277) and all patients gave written informed 

consent.

3. Definitions
1) Ulcerative Colitis  

Diagnosis of UC was based on clinical, radiologic and histo-

logical criteria.18 Patients with index presentation of ASUC 

that later turned out to be infection or Crohn’s colitis were ex-

cluded. 

2) Steroid-Failure

Patients of ASUC who required rescue medical therapy (IV 

cyclosporine 2 mg/kg for up to 7 days, oral tacrolimus 0.1–0.2 

mg/kg or infliximab 5 mg/kg) or surgery during index hospi-

talization were defined as steroid failure patients.

3) Disease Extent

Disease extent was defined as maximum macroscopic extent 

at colonoscopy preceding ASUC according to Montreal classi-

fication.19 For patients presenting with ASUC at diagnosis, ex-

tent was determined from the first colonoscopy after discharge 

or the surgical specimen if they underwent colectomy.

4) Prior Steroid Use

It is defined as any use of systemic steroids prior to the epi-

sode of ASUC. Steroid use in first year of diagnosis: it included 

patients who received steroids of any form (oral or IV) in their 

first year after diagnosis.

5) Ulcerative Colitis Endoscopic Index of Severity 

The endoscopic disease severity was assessed with UCEIS 

which the sum of 3 descriptors: vascular pattern (scored 0–2); 

bleeding (scored 0–3); erosions and ulcers (scored 0–3), range 

0–8, assessed in the most severely affected area at flexible sig-

moidoscopy.20

6) AIIMS’ Index

It is a simple predictive score based on 2 objective parameters; 

(1) UCEIS assessed on the day of admission and (2) FCP mea-

sured on day 3 of IV steroid. It is calculated with the following 

formula: baseline UCEIS > 6+day 3 FCP > 1,000 μg/g (where 

FCP > 1,000 μg/g = 1 and UCEIS > 6 = 1; and FCP ≤ 1,000 μg/g 

= 0 and UCEIS ≤ 6 = 0). The score ranged from 0 to 2. Patients 

who fulfilled both the criteria (score = 2) are considered  
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AIIMS’ index positive.6

7) Short-Term Outcome

It was defined as outcome during index admission (steroid 

failure as defined above).

8) CMV IHC 

Sections cut from colonic biopsy blocks were subjected to the 

mouse monoclonal antibody against CMV stain (Clone CCH2 

+ DDG9; dilution 1:100, DAKO, Glostrup, Denmark). Endoge-

nous peroxidase was blocked using 4% hydrogen peroxide, 

followed by antigen retrieval by boiling in citrate buffer. Stan-

dard overnight staining protocol was followed. The reaction 

product was developed with 3,3’-diaminobenzidine and coun-

terstained with hematoxylin. Appropriate positive and nega-

tive controls were used. IHC stain was taken as positive when 

strong inclusion like positivity was noted in the tissue sections.  

9) Quantitative CMV PCR

Quantitation of CMV DNA was performed on colonic muco-

sal samples by real-time PCR. DNA for real-time PCR assay 

was extracted from mucosal samples by using the DNAeasy 

Blood and tissue kit (Qiagen, cat no- 69506, Hilden, Germany) 

as per the manufacturer’s instructions. The CMV DNA load 

was expressed as CMV DNA copies per milligram of mucosal 

tissue biopsy. The oligonucleotide primers used for quantita-

tive CMV-DNA determination were derived from a highly con-

served AD-1 region of glycoprotein B (gB) gene.21 Human ge-

nomic sequence glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) gene was used as an internal control for the quanti-

tative real-time PCR assay as described previously.22 For quan-

tification, a plasmid DNA containing the target sequence of gB 

gene was used as standard. The standard curve was established, 

by employing serial logarithm dilutions covering a range of 7 

logs. The CMV standard along with the test samples were quan-

tified in duplicate, and the mean values were used to calculate 

the CMV load. Lab personnel were blinded to the outcomes. It 

takes 3 to 4 days to get report of quantitative CMV PCR in a bi-

opsy specimen in our set up.

4. Study Design
It was a prospective observational cohort study. Patients’ de-

tails were collected on baseline demographics, prior therapy 

for UC, endoscopic assessment of severity (UCEIS) by unpre-

pared flexible sigmoidoscopy within 24 hours of admission 

and biopsies taken in saline and formalin for quantitative 

CMV PCR and CMV IHC respectively. Clinical observations 

of pulse rate, temperature, blood pressure, stool frequency 

and laboratory parameters during the hospital stay were re-

corded. Serum CRP and FCP performed on day 3 of IV steroid 

therapy and fecal samples were taken on admission for cul-

ture, C. difficile toxin assay by ELISA (enzyme-linked immu-

nosorbent assay). Day of admission was counted as day 1. 

The outcome measure was failure to respond to IV steroid 

therapy as defined above. 

5. Management
All patients received IV and rectal hydrocortisone (400 mg/

day IV, 200 mg/day per rectum), whilst continuing 5-ASA 

(5-aminosalicylic acid) therapy, according to guidelines, as 

well as antibiotics (ciprofloxacin and metronidazole), given 

the prevalence of gastrointestinal infection in India. Blood 

transfusion was given as required (hemoglobin < 80 g/L).16 

Oxford criteria were used to identify patients at high risk of 

colectomy and if unresponsive to 5–7 days of IV steroids, res-

cue therapy or colectomy was advised.4 The option of medical 

therapy with infliximab/cyclosporine versus surgery was giv-

en upfront to the patients (at day 5–7), and the decision was 

made after joint medical-surgical review and patient counsel-

ling (given the prohibitive cost of these therapies in the devel-

oping world many patients opted for surgery before any res-

cue therapy). Patients responding to IV steroids were dis-

charged on 40 mg/day prednisolone with a taper period of 3 

to 4 months, along with azathioprine. 

6. Statistical Analysis
Continuous variables are expressed as the mean ± standard 

deviation and non-Gaussian distribution as median and 

range. Categorical variables are summarized as frequencies 

with percentages. To avoid decimal points, percentages were 

rounded up. Quantitative variables on admission were com-

pared using Student t-test or Mann-Whitney U test and quali-

tative variables by chi-square test. Comparison of the means 

of continuous variables for 2 groups was based on analysis of 

variance or the nonparametric Kruskal-Wallis test, where indi-

cated. Receiver operator characteristic curves were used to 

identify cutoff with optimal sensitivity and specificity. Clinical-

ly relevant variables with P-values < 0.1 were included for 

multivariable analysis, which was performed for steroid-fail-

ure as outcome variable. P-values < 0.05 were considered sta-

tistically significant. Analyses were performed using SPSS 

software version 24.0 (IBM Corp., Armonk, NY, USA).
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Table 1. Baseline Demographics and Disease Phenotypes of Patients of ASUC and Comparison of Steroid Responders with Steroid Failures

Variable Total patients 
(n=76)

Steroid responder  
(n=46)

Steroid failure  
(n=30) P-value

Age (yr)  35.5±12.1 34.2±10.0             37.4±12.2 0.91

Male sex 40 (53) 23 (50) 17 (56) 0.42

Duration of UC prior to ASC (mo)  12 (1–180) 12 (1–180) 18 (6–120) 0.51

Index presentation of UC as ASUC 6 (8) 4 (9) 2 (7) 0.53

Extent 0.92

   E2 (left-sided colitis) 20 (26) 12 (26)  8 (27)

   E3 (extensive colitis) 56 (74) 34 (74) 22 (73)

Prior azathioprine use 34 (45) 21(46) 13 (43) 0.51

Previous ASUC 18 (24) 9 (20)   9 (30) 0.73

Prior systemic steroid use 60 (79) 35 (76) 25 (83) 0.61

Steroid use in 1st year of diagnosis of UC 49 (64) 27 (59) 22 (73) 0.15

Tobacco user 14 (18)  8 (17)   6 (20) 0.42

Presence of EIMs 27 (35) 16 (35) 11 (37) 0.91

13 Central or peripheral arthralgia 9 Central or peripheral arthralgia

  2 Episcleritis 1 Episcleritis

  1 Primary sclerosing cholangitis 1 Pyoderma gangrenosum

Values are presented as mean±standard deviation, number (%), or median (range). 				  
ASUC, acute severe ulcerative colitis; UC, ulcerative colitis; ASC, acute severe colitis; EIMs, extraintestinal manifestations.		

Fig. 1. CONSORT diagram: study population. ASC, acute severe 
colitis. 

87 Total cases of ASC admitted

76 Cases included in the study

46 Response to intravenous 
steroid (61%)

30 Failure of intravenous 
steroid (39%)

10 Surgery

11 Excluded
    6 Secondary referral (already received 

steroid)
    2 Known steroid refractory directly 

underwent surgery
    2 Diagnosed as Crohn's colitis
    1 Clostridioides difficile toxin positive

20 Rescue medical therapy
    13 �Infliximab (2 of them required 

surgery after failure of infliximab)
     6 Ciclosporin
     1 Tacrolimus

RESULTS

1. Patients
Eighty-seven patients with ASUC were hospitalized during 

the study period; 11 patients were excluded (Fig. 1), and 76 

were finally included in the study. Forty-six patients (61%) re-

sponded to IV steroid and 30 patients (39%) had steroid fail-

ure. Of these, 20 patients received rescue medical therapy (6 

ciclosporin, 1 tacrolimus, and 13 infliximab) and 12 (16%) re-

quired surgery, including 2 patients after failure of rescue inf-

liximab therapy.

2. Baseline Demographic and Clinical Characteristics
Mean age at admission was 35.5 ± 12.1 years, with 53% males 

and 8% patients presented with ASUC at diagnosis (see Table 

1 for demographics). Patients in the steroid failure group had 

a higher frequency of steroid use in the first year of diagnosis 

compared to steroid responders (though not statistically sig-

nificant) (22/30 [73%] vs. 27/46 [59%]; P = 0.15). There was no 

difference between the 2 groups with respect to age of presen-

tation, sex, extent and duration of disease, presence of extrain-

testinal manifestation, prior ASUC, prior use of azathioprine 

and systemic steroids (Table 1).
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3. �Clinical and Laboratory Parameters during 
Hospitalization

Median stool frequency on the day of presentation was 10 (6–

20) which decreased to 7 (2–12) on day 3 of IV corticosteroids 

(Table 2). Patients needing rescue therapy and/or colectomy 

had a higher stool frequency on day of admission (11 [9–18] 

vs. 9 [6–20]; P = 0.11) and day 3 of IV corticosteroids (7 [4–14) 

vs. 5 [2–15]; P = 0.06). Patients with steroid failure also had 

higher baseline UCEIS on sigmoidoscopy (6 [4–8] vs. 5 [3–7]; 

P = 0.04) and higher FCP level on day 3 of IV steroid (1,383.8 

μg/g [330–7,427] vs. 747 μg/g [44.2–4,062]; P < 0.01). Fourteen 

(47%) patients in the steroid failure group were positive for 

both the criteria of AIIMS’ index (AIIMS’ index = 2) compared 

to only 1 patient (2%) in steroid responder group (P < 0.01). 

Forty-five patients (59%) had positive CMV DNA PCR on mu-

cosal biopsy. Patients with steroid failure had a significantly 

higher mucosal CMV DNA load as compared to steroid re-

sponders (3,454 copies/mg [0–2,700,000] vs. 116 copies/mg 

[0–27,220]; P = 0.004). CMV IHC on biopsy specimen was pos-

itive in 12 patients (16%) (Table 2). Only 1 patient had an in-

clusion body detected on histopathological examination. Pa-

tients received IV steroids for a median 5 days (range, 5–10 

days) with duration of hospital stay being 11 days (range, 5–36 

days). Two patients developed toxic megacolon, both under-

went colectomy. One patient who was operated on 9th day of 

hospital admission without any rescue medical therapy, died 

on postoperative day 3 from ventricular arrhythmia due to hy-

pokalemia.

4. CMV DNA Load as Predictor of Steroid-Response
Positive IHC for CMV in biopsy or mere CMV PCR positivity 

were not significantly different between steroid responders 

Table 2. Clinical and Laboratory Parameters in Patients of Acute Severe Ulcerative Colitis and Comparison of Steroid Responders with 
Steroid Failures

Variable Total patients (n=76) Steroid responder (n=46) Steroid failure (n=30) P-value

Pulse rate at admission (/min)   100 (69–128) 100 (80–120) 101 (69–128) 0.62

Stool frequency on admission (/day) 10 (6–20) 9 (6–20) 11 (9–18) 0.11

No. of Truelove criteria on admission in 
addition to bloody stool frequency >6

0.16

1 18 (24) 12 (26) 6 (20)

2 35 (46) 26 (56) 9 (30)

>3 23 (30) 8 (17) 15 (50)

Day 3 stool frequency (/day)      7 (2–12)    5 (2–15)     7 (4–14) 0.06

Hemoglobin on admission (g/dL)  9.3±2.3 9.4±2.2 9.2±2.2 0.81

ESR on admission (mm/hr)      46 (20–82)    41 (22–78)    47 (20–82) 0.45

Albumin on admission (g/L) 2.9±0.7 3.0±0.7 2.8±0.7 0.16

Day 3 CRP (mg/L)       25 (3–178)     19 (3–178)    40 (3–137) 0.42

CMV IHC positive 12 (16) 6 (13) 6 (20) 0.41

Positive tissue CMV PCR 45 (59) 24 (52) 21 (70) 0.15

Mucosal CMV DNA load (copies/mg) 260 (0–2,700,000) 116 (0–27,220) 3,454 (0–2,700,000) <0.01

UCEIS on admission 5 (3-8)   5 (3-7) 6 (4-8) 0.04

UCEIS >6 21 (28)  6 (13) 15 (50) <0.01

Day 3 FCP (μg/g) 1,115.8 (44.2–7,427.0)  747.0 (44.2–4,062.0)   1,383.8 (330.0–7,427.0)  <0.01

Day 3 FCP >1,000 μg/g 40 (53) 16 (35) 24 (80) <0.01

AIIMS' index (score=2)  15 (20) 1 (2) 14 (47) <0.01

Median duration of hospitalization (day) 11 (5–36) 8 (5–30) 22 (10–36) <0.01

Mortality 1 (1.3) 0 1 (3.3)

Values are presented as median (range), number (%), or mean±standard deviation.				  
ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CMV, cytomegalovirus; IHC, immunohistochemistry; PCR, polymerase chain reaction; UCEIS, 
ulcerative colitis endoscopic severity index; FCP, fecal calprotectin; AIIMS, All India Institute of Medical Sciences. 
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able analysis between steroid-failures and responders. How-

ever due to collinearity between baseline UCEIS, day 3 FCP 

and AIIMS’ index, only day 3 stool frequency, AIIMS’ index 

and CMV DNA > 2,000 copies/mg were entered into multivari-

able model. On multivariable analysis, only CMV DNA quanti-

tative > 2,000 copies/mg (odds ratio [OR], 10.2; 95% CI, 2.6–

39.7; P < 0.01) and AIIMS’ index (a score of 2) (OR, 39.8; 95% 

CI, 4.4–364.4; P < 0.01) remained significantly associated with 

steroid-failure (Table 3). 

Quantitative CMV PCR > 2,000 copies/mg and AIIMS’ index 

were also found to be the only significant predictors of colec-

tomy at index admission (Supplementary Table 1).

6. �CMV PCR and AIIMS Index for Predicting Steroid 
Response 

AIIMS’ index had very high specificity for predicting steroid 

failure in patients with ASUC but had a sensitivity of only 47% 

(Table 4). But using mucosal CMV DNA load along with  

AIIMS’ index (mucosal CMV DNA load > 2,000 copies/mg or 

AIIMS’ index positive) markedly increased the sensitivity 

(80%) to predict steroid failure (Table 4). That way we could 

Fig. 2. Receiver operating curve of mucosal quantitative cyto-
megalovirus polymerase chain reaction for prediction of steroid 
failure in acute severe ulcerative colitis (ASUC) with an area under 
the curve of 74% (95% confidence interval, 61–87). A cutoff of 
2,000 copies/mg had a sensitivity of 67% and specificity of 70% 
for prediction of steroid failure in ASUC.

1.0

0.8

0.6

0.4

0.2

0

Se
ns

iti
vi

ty

1-Sensitivity

0.2	 0.4	 0.6	 0.8	 1.0

Table 3. Multivariable Analysis for Prediction of Steroid Failure in Acute Severe Ulcerative Colitis				 

Variable 
Univariable analysis Multivariableanalysis

OR (95% CI) P-value OR (95% CI) P-value

AIIMS’ index (score=2)a 39.4 (4.8–323.9) <0.01 39.8 (4.4–364.4) <0.01

CMV DNA quantitative >2,000 copies/mg 9.4 (2.9–30.3) <0.01 10.2 (2.6–39.7) <0.01

Day 3 stool frequency 4.2 (1.0–23.4) 0.06 2.3 (0.7–20.3) 0.21

aAIIMS’ index: baseline UCEIS >6+day 3 FCP >1,000 μg/g. 				  
OR, odds ratio; CI, confidence interval; AIIMS, All India Institute of Medical Sciences; CMV, cytomegalovirus; UCEIS, ulcerative colitis endoscopic index of 
severity; FCP, fecal calprotectin. 

Table 4. Quantitative CMV PCR and AIIMS Index for Prediction of 
Steroid Failure in Acute Severe Ulcerative Colitis

Sensiti
vity (%)

Specifi
city (%)

PPV 
(%)

NPV
(%)

AIIMS’ indexa positive
(score=2)

47 98 93 74

Tissue CMV DNA >2,000 
copies/mg

53 89 76 74

AIIMS index positive or tissue 
CMV DNA >2,000 copies/mg 

80 87 80 87

aAIIMS' index: baseline UCEIS >6+day 3 FCP >1,000 μg/g. 	
CMV, cytomegalovirus; PCR, polymerase chain reaction; AIIMS, All India 
Institute of Medical Sciences; PPV, positive predictive value; NPV, negative 
predictive value; UCEIS, ulcerative colitis endoscopic index of severity; 
FCP, fecal calprotectin. 

and failures (13% vs. 20%, P = 0.41 and 52% vs. 70%, P = 0.15;  

respectively). However, patients with steroid failure had a sig-

nificantly higher mucosal CMV DNA load as compared to ste-

roid responders (Table 2). The cutoff value for quantitative 

CMV DNA load to predict steroid-failure was derived from a 

receiver operating characteristic curve. Mucosal CMV DNA 

> 2,000 copies/mg on admission could discriminate between 

steroid-failures and responders with a sensitivity of 53%, spec-

ificity 90% and area under the curve of 74% (95% confidence 

interval [CI], 61–87) (Fig. 2).

5. Multivariable Analysis
On univariate analysis baseline UCEIS, day 3 stool frequency, 

day 3 FCP, patients fulfilling AIIMS’ index, and quantitative 

CMV DNA > 2,000 copies/mg met the criteria for multivari-
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timum outcome on rescue therapy requires predicting non-

response to steroids in a time bound manner, which has led 

to development of several predictive scores utilizing stool fre-

quency, CRP, FCP and endoscopic severity. Fulminant epi-

sodes in the disease course of UC can also be precipitated by 

viral, bacterial or parasitic superinfections, and could also be 

responsible for nonresponse to IV steroids in addition to dis-

ease related factors.23 Present study explored this concept 

and showed that high mucosal CMV DNA load in these pa-

tients is a major predictor for nonresponse to IV steroid and 

need for colectomy. Thirty (39%) patients in the present study 

had steroid failure, 12 (16%) underwent colectomy and 20 

(26%) received rescue medical therapy. Two patients under-

went colectomy after failure of rescue infliximab therapy. The 

diversity of choice of rescue therapy was mainly based on pa-

tients’ preference or financial constraints.

Depending upon diagnostic tests, CMV positivity in the 

present cohort varied from 16% based on tissue IHC to 59% as 

detected in CMV PCR. Only 1 patient had presence of inclu-

sion body in the biopsy. The prevalence of CMV infection in 

patients with steroid refractory UC varies across series, and 

has been reported to be similar to other patients, or signifi-

cantly higher than steroid responsive group.13,14,24,25 The posi-

tivity rates vary depending upon the method of detection. Al-

though it is not well established, most experts agree upon his-

tology/IHC as the most specific tests for detection of colonic 

CMV infection.10 However these are limited by poor sensitivity 

and delay in diagnosis, which requires a test with better sensi-

tivity and rapid turnaround time to evaluate the significance 

of CMV positivity on the outcomes in ASUC. In this regard, 

CMV mucosal quantitative PCR is an objective quantitative 

method for detection of CMV in the tissue with results being 

available within 24 hours.15,26,27 In the present study, quantita-

tive CMV PCR could detect CMV in 59.2% of patients with 

ASUC, which was significantly higher than that by IHC (15.7% 

only). Similar to the present study, in a study by Yoshino et 

al.,13 among 30 patients with steroid refractory acute severe 

colitis, quantitative PCR for CMV DNA in mucosal biopsy was 

positive in 17 patients, of which only 4 were positive for IHC, 

highlighting the limited sensitivity of IHC as compared to 

quantitative CMV PCR. Of those 17 CMV-DNA-positive pa-

tients, 10 patients were successfully treated with ganciclovir 

and 12 of the 13 CMV-DNA-negative patients (92.3%) achieved 

remission after intensifying their immunosuppressive therapies.

Previous studies have reported conflicting results regarding 

the value of mucosal CMV PCR as a predictor of outcomes in 

76 ASUC
patients

Steroid failure  
30 patients (39%)

Steroid responder 
46 patients (61%)

Wrong diagnosis
6 patients (8%)

Wrong diagnosis
6 patients (8%)

Correct diagnosis
24 patients (32%)

Correct diagnosis
40 patients (52%)

Fig. 3. Prediction of steroid response in acute severe ulcerative 
colitis (ASUC) patients using All India Institute of Medical Scienc-
es index and high mucosal cytomegalovirus DNA load ( >2,000 
copies/mg). 

correctly predict steroid response in 64 of 76 (84%) patients of 

ASUC on 3rd day of IV steroid (Fig. 3). Of 46 steroid respond-

ers, 40 patients were negative for AIIMS’ index, and had CMV 

PCR < 2,000 copies/mg, and of 30 steroid failures, 24 were 

positive for either AIIMS’ index or had CMV PCR > 2,000 cop-

ies/mg (Fig. 3).

7. Treatment for CMV
Seven episodes of ASUC were treated with injection ganciclo-

vir along with steroid in this cohort. The treatment decision 

was based on IHC positivity, patients’ clinical history and 

judgment of treating physician. Median mucosal CMV DNA 

load in those 7 patients was 8,340 copies/mg (range, 1,270–

2,700,000 copies/mg). Four of them improved and did not re-

quire further rescue therapy. They were included in the steroid 

responder group. Three patients did not respond, 2 underwent 

surgery and 1 treated with infliximab.

DISCUSSION

There exists a therapeutic gap with IV steroids in ASUC which 

is rescued by surgery or advanced immunosuppression.1 Op-
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patients with ASUC. In a recent pediatric study of 56 patients 

with ASUC, 27% were CMV positive of which 93% were ste-

roid refractory and 20% required colectomy during hospital-

ization, and additional one-third required over next 1 year, 

highlighting the influence of CMV on short- and long-term 

outcomes in ASUC.28 Similarly, in 2 other studies of 95 (33 

CMV IHC positive) and 149 patients (50 CMV positive on 

IHC/histopathology examination), the colectomy rates and 

need for rescue therapy was significantly higher in CMV posi-

tive patients.9,11 However, in a case-control study of hospital-

ized UC patients, though the hospital stay was longer in those 

with concomitant CMV infection (n = 145) than non-CMV 

group (n = 14,690), the colectomy rates and mortality were 

similar.10 Prevalence of CMV has also been correlated with se-

verity of ASUC as evidenced significantly higher prevalence of 

CMV in patients with toxic megacolon than those without 

(46% vs. 9%).29 In the present study, IHC positivity and mere 

positivity for mucosal CMV DNA was not predictive of steroid 

nonresponse. However, high CMV DNA load of > 2,000 cop-

ies/mg was able to predict steroid failure with a reasonable di-

agnostic accuracy, having a sensitivity of 53% and specificity 

of 90%. Like the present study, Roblin et al.15 in a study of 42 

patients also showed that CMV DNA > 250 copies/mg was 

predictive of steroid failure. The differences in the cutoff values 

between ours and this study could be due to differences in 

definitions of ASUC, response to steroid and patient popula-

tion. 

We further analyzed the significance of CMV quantification 

in relation to disease severity as quantified by the AIIMS’ in-

dex (combination of baseline UCEIS and day 3 FCP). Interest-

ingly, on multivariate analysis, high CMV mucosal DNA load 

( > 2,000 copies/gm) was an additional predictor of steroid 

failure (OR, 10.2; 95% CI, 2.6–39.7) and colectomy (OR, 17.2; 

95% CI, 2.6–115.2) in addition to AIIMS’ index (OR, 39.8; 95% 

CI,  4.4–364.4 for steroid failure and OR, 18.2; 95% CI, 2.9–

114.4 for colectomy). AIIMS’ index was a stronger predictor 

than CMV DNA load, indicating that disease severity is the 

most important predictor for steroid nonresponse, but signifi-

cance of CMV positivity in this setting indicates the additional 

value of CMV testing at baseline in a patient with ASUC. Fur-

ther, on combining AIIMS’ index and CMV load, we were able 

to correctly predict outcomes (steroid response or failure) in 

84 % patients, and if a patient had either AIIMS’ index positive 

or CMV load > 2,000 copies/mg, this resulted in a sensitivity of 

80% and specificity of 87% in predicting steroid failure. 

Although done prospectively with a reasonable sample size, 

the study has certain limitations. We have demonstrated CMV 

DNA as an independent predictor of short-term outcomes in 

ASUC, but we could not dissect out its role–a marker of severe 

disease or a pathogenic agent increasing severity. Albeit some 

studies showed the usefulness of CMV viremia or antigen-

emia in this setting, we did not test it in our patients.9,30 We 

could treat only 7 episodes with ganciclovir as the decision to 

treat was based on IHC positivity, which precluded us from 

making any conclusion. We did not include results of long-

term follow-up, as we intended to highlight the effect of CMV 

on steroid response and short-term outcomes of ASUC. So, a 

large prospective study with treatment decisions based upon 

CMV DNA results is needed to clarify the unanswered ques-

tions of the present study. Despite these limitations this study 

evaluated the role of quantitative CMV PCR in relation to oth-

er markers of disease severity as a predictor of steroid failure 

or colectomy in a reasonably large cohort of patients with 

ASUC.

To conclude high mucosal CMV DNA load ( > 2,000 copies/

mg) independently predicts failure of IV corticosteroids and 

short-term risk of colectomy in patients with ASUC. It has an 

additional value to the established markers of disease severity 

in ASUC. 
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Supplementary Table 1. Multivariable Analysis for Prediction of 
Colectomy during Index Admission in Acute Severe Ulcerative 
Colitis

Variable OR (95% CI) P-value

Quantitative CMV DNA 
>2,000 copies/mg

17.2 (2.6–115.2) <0.01

AIIMS index 18.2 (2.9–114.4) <0.01

OR, odds ratio; CI, confidence interval; CMV, cytomegalovirus; AIIMS, All 
India Institute of Medical Sciences.

See “High mucosal cytomegalovirus DNA helps predict adverse short-term outcome in acute severe ulcerative  
colitis” on page 438-447.


