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Background: Severe diarrhea is a common complication of enteral nutrition in intensive care unit (ICU)
patients. CD55 not only plays a vital role in immune but also plays a crucial role in intestinal function. We
intended to build a prediction model of enteral nutrition complicated with severe diarrhea in ICU patients
based on CD55.

Methods: This was a prospective, single-center, observational study. We collected 116 patients with enteral
nutrition in the ICU. We collected blood samples from patients at the time of admission, tested blood
biomarkers [CD55, interleukin-10 (IL-10), diamine oxidase, D-lactic acid and endotoxin], and recorded
daily defecation and enteral nutrition. Finally, through multi-factor logistic regression model, a prediction
model based on multiple prediction indicators was formed, and new joint predictive factors were calculated.
The prediction model of enteral nutrition complicated with severe diarrhea in ICU patients was constructed
through data processing analysis.

Results: A total of 116 adult patients with enteral nutrition were divided into two groups: 77 patients
without severe diarrhea and 39 with severe diarrhea. Compared with patients without severe diarrhea,
CD55 on granulocyte membrane surface (gCD55) of patients with severe diarrhea was significantly reduced
(P<0.0001), and CDS55 on erythrocyte membrane surface (eCD55) of patients with diarrhea was significantly
reduced (P<0.0001), serum IL-10 in patients with diarrhea significantly decreased compared with those
without diarrhea, P<0.0001.The area under the curve of receiver operating characteristic (AUCROC) was
0.919 in gCDS55 predicting severe diarrhea, when cutoff value =99.95%, the optimal sensitivity was 96.2%,
and specificity was 100%. The AUROC of eCD55 and IL-10 in predicting severe diarrhea was 0.658 and
0.558 respectively. Based on this, a prediction model was established. The prediction model was: In[P/(1- P)]
=-24.68 gCD55 -2.26 ¢CD55 +0.0041 IL-10 +2,691, the goodness of fit test of the model was P=0.44, and
the AUCROC of the model was 0.92.

Conclusions: gCD55 and eCD55 had certain predictive value in enteral nutrition complicated with severe

diarrhea.
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Introduction

Severe diarrhea is the leading cause of electrolyte
disturbance worldwide and the main cause of suspension
of enteral nutrition in hospitals (1), but the best diagnosis
strategy remains uncertain. In particular, there is evidence
that discontinuation of enteral nutrition and general
antidiarrheal therapy is not ideal, and may cause nutritional
deficiencies, delay recovery, and even increase hospital stay
or mortality in some patients (2). Therefore, early detection
of enteral nutrition-induced severe diarrhea and timely
treatment can improve the clinical prognosis of patients
with severe diarrhea.

Uncontrolled complement activation may be of
immunopathological importance in inflammatory diseases
of the gastrointestinal tract (3). CD55 is one of these
regulatory membrane proteins of the complement system.
CD55 not only plays a vital role in immune but also plays
a crucial role in intestinal function (4-7). Studies in animal
models have shown that CD55 has a protective effect on the
intestinal function, primarily through anti-inflammatory
activity. Endogenous CD55 dysfunction worsens intestinal
function injury in animal models (8). In clinical studies,
low CDS55 levels increased the incidence of protein-
losing enteropathy in some patients (9-11). However,
further studies are needed to confirm the protective effects
of CDS55 in enteral nutrition-induced severe diarrhea.
Although defecate frequency can be used to diagnose
severe diarrhea development, these assessments are often
too late to discover severe diarrhea. To solve this decision-
making problem, we wanted to design a diagnostic model to
extract relevant intestinal barrier indicators from cases. We
intended to build a prediction model of enteral nutrition
complicated with severe diarrhea in ICU patients based on
CD55.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1050).

Methods
Design and setting

This monocentric, prospective observational study was
conducted in one teaching hospital (Shanghai General
Hospital, Shanghai, China) from January 1th, 2019 to
January 31th, 2020 with recruitments periods form January
31th, 2019 to December 2th, 2019. Patients’ follow up
ended on January 31th 2020 with data collection periods
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from January 31th 2019 to January 31th 2020. The study
was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved by
the institutional review board of the Shanghai General
Hospital {reference number [2018]KY004}. Since the data
collected was anonymous, the need for informed consent

was waived.

Patients

Patients admitted to the ICU of Shanghai General Hospital
(Shanghai, China) with enteral nutrition were included in
the study. Inclusion criteria for the patients were as follows:
patients between 60 to 85 years old who underwent enteral
nutrition in the ICU, with an estimated length of stay in
the ICU of >48 h. Exclusion criteria for the patients were as
follows: history of gastrointestinal surgery, chronic diarrhea,
pregnancy, lactation period hemodynamic instability, tumor,
at the same time to participate in another interventional
clinical trials.

Data collection

Baseline data, including demographics, medical history,
and disease severity, were collected prospectively for each
patient when enrolled. Diagnostic criteria: severe diarrhea
was defined as defecation frequency >3 per day or change of
fecal characteristics. The change of fecal characteristics was
documented in nursing notes and medical history. We used
a classification system (Bristol Stool Chart). Nurses and
doctors documented this information. They were trained
before this trail, including data management, defined
procedures.

Vital signs, defecation frequency, change of fecal
characteristics were collected each day during the ICU
stay. Laboratory data were collected on days 1 and 7 after
enrollment, such as intestinal barrier function improvement
(diamine oxidase, D lactic acid and endotoxin), CD55 and
IL-10. The routine medical records system of the hospital
was used to register the data for follow-up, if discharged,
telephone follow-up.

CDS’S5 detection method

CDS55 expression of neutrophils in peripheral blood was
detected by flow cytometry. The cells were washed with
phosphate buffer (PBS), centrifuged, the supernatant was
discarded, and the cell suspensions were resuspended with
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Figure 1 Flow chart describing the research method.

100 pL. PBS. The cell suspensions were added to flow
tubes. Monoclonal antibody from mice (Mouse IgG2a,
«; BD Pharmingen™), who specifically binds to CD55,
were added for 3 microns and incubated at 4 °C in dark for
15 min; add 1 mL of RBC (red blood cell) lysate, hide from
light for 10 min, wash with PBS, re-suspend, and test on
machine. All antibodies and erythrocyte lysates are from BD
company, flow cytometer (FACSCalibur) and its supporting
software are products of BD company. It was the same
person who performed the flow cytometry.

Outcome

The primary outcome was severe diarrhea, the secondary
outcomes included 28-day mortality, length of hospital stay

(days).

Statistical analysis

Study size

We didn’t calculate the sample size because this was
an observational descriptive study. Data analyses were
performed using Statistical Package for Social Sciences
software for Windows, version 16.0 (SPSS Inc, Chicago,
IL, USA), and P values <0.05 were considered statistically
significant. Quantitative values that conform to normal
distribution are expressed by mean = standard deviation,
while those that do not are expressed by median (quartile).
The enumeration data are described by various cases and
percentages. The difference of CDS55 level between diarrhea
group and control group was compared by Mann-Whitney
U test.

© Annals of Palliative Medicine. All rights reserved.

Univariate and multivariate conditional logistic
regression models were used to screen independent
influencing factors, and the OR value and 95% confidence
interval of the risk of diarrhea were calculated.

Through multi-factor logistic regression model, a
prediction model based on multiple prediction indicators
was formed, and new joint predictive factors were
calculated. With diarrhea or not as the outcome, the area
under the receiver operating characteristic curve (AUROC)
of the combined predictors and each original index was
compared to determine the optimal critical value, calculate
the operating performance parameters such as sensitivity,
specificity and accuracy of prediction, and finally carry out
individual prediction by substituting individual values. Stata
10.0 software was used for statistical analysis and mapping,
and Stata 10.0 command statement, operation process
and result output. There was no loss of follow-up and no
missing date.

Results
General information

One hundred and twenty-four patients were eligible of the
study, but 8 had to be excluded (Figure I). In this series,
there were 77 without severe diarrhea patients and 39 severe
diarrhea patients. Their median age was 53.04 years (range,
18 to 65 years); 68 patients were male and 107 had a history of
chronic disease. The diarrhea and no-diarrhea group did not
differ in age, gender, incidence of chronic disease and cause of
need enteral nutrition (7zble I). The incidence of mortality was
higher in the diarrhea group than in the no diarrhea group
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Characteristics Diarrhea n=39 No diarrhea n=77 P value
Male sex, n (%) 21 (53.8) 47 (61.0) 0.457
Age (years) 50.13+20.94 54.52+21.23 0.293
Comorbidities, n (%)
Hypertension 12 (30.8) 26 (33.9) 0.745
Diabetes 7(17.9) 17 (22.1) 0.604
Immune diseases 1(2.6) 6 (7.8) 0.421
Cardiovascular disease 16 (41.0) 28 (36.4) 0.625
Liver disease 3(7.7) 2 (2.6) 0.333
COPD 8 (20.5) 11 (14.3) 0.392
Cause of need enteral nutrition, n (%)
Difficulty swallowing and chewing 12 (30.8) 27 (35.1) 0.683
Disturbance of consciousness or coma 12 (30.8) 20 (25.9) 0.662
Chronic wasting diseases 5(12.8) 10 (12.9) 0.980
Correction and prevention of malnutrition before 10 (25.6) 20 (25.9) 1
and after surgery
Mortality n (%) 5(12.8) 2(2.6) 0.042*
HLOS, days 20.76+3.148 17.95+1.653 0.025*

*, P<0.05, significant difference. Values are expressed as the mean and standard deviation or the median and interquartile range. COPD,

chronic obstructive pulmonary disease; HLOS, hospital length of stay.

(12.8% wvs. 2.6%, P=0.042). Hospital length of stay (HLOS)
was longer in the diarrhea group than in the no diarrhea

group (20.76+3.148 vs. 17.95+1.653, P=0.025) (1able 1).

Analysis of individual factors

There was significant difference in gCD55 (98.68%+0.626%
v5. 99.96%+0.007%, P<0.001), eCD55 (99.82%+0.032%
vs. 99.93%+0.013%, P<0.001), and IL-10 (43.27+25.87
vs. 18.15+5.121 pg/mL, P<0.001) between the two groups
in day 1. But only eCD55 was significant difference in
day 7 (99.84%=0.1817% vs. 99.94%=+0.111%, P=0.003).
There was no significant statistical difference between the
two groups of diamine oxidase in day 1 (9.573+2.587 wvs.
9.141£2.206 U/L, P=0.780) and day 7 (7.589+9.318 vs.
7.028+9.985 U/L, P=0.820).

There was no significant difference in D-lactic
acid between the two groups in day 1 (18.27+1.848 wvs.
16.92+1.729 mg/L, P=0.435) and day 7 (15.29+6.752 vs.
13.06+7.523 mg/L, P=0.226).

There was no significant difference in endotoxin between
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the two groups in day 1 (8.079£1.824 vs. 6.710+1.171 U/
L, P=0.197) and day 7 (7.185£7.546 vs. 5.088+4.942 U/L,
P=0.218) (Table 2).

Independent risk factors for diarrbea condition

Multivariate logistic regression revealed two independent
risk factors for severe diarrhea: gCD55 (P<0.05), eCDS55
(P<0.05). IL-10, diamine oxidase, D-lactic, Endotoxin, IL-
1, IL-2, IL-6, IL-8 and PCT were not risk factors for severe
diarrhea (Tuble 3).

The granular membrane surface CD55 of patients with
enteral nutrition complicated with refractory diarrhea was
significantly lower than that of patients without diarrhea
(98.68%23.91% 5. 99.96%0.06% , P<0.0001) (Figure 2A).

CD55 on erythrocyte membrane surface in patients
with diarrhea was significantly lower than that in patients
without diarrhea (99.82%+0.20% vs. 99.93%+0.12%,
P<0.0001) (Figure 2B).

Serum interleukin-10 (IL-10) in patients with diarrhea
was significantly higher than that in patients without
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Table 2 Biomarkers on day 1 and day 7 (n=116)
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Day Characteristics Diarrhea n=39 No diarrhea n=77 P value
Day 1 gCD55 (%) 98.68+0.626 99.96+0.007 <0.001*
eCD55 (%) 99.82+0.032 99.93+0.013 <0.001*

IL-10 (pg/mL) 43.27+25.87 18.15+5.121 <0.001*

Diamine oxidase (U/L) 9.573+2.587 9.141+£2.206 0.780

D-lactic acid (mg/L) 18.27+1.848 16.92+1.729 0.435

Endotoxin (U/L) 8.079+1.824 6.710+1.171 0.197

Day 7 gCD55 (%) 98.81+3.634 99.96+0.047 0.054
eCD55 (%) 99.84+0.1817 99.94+0.111 0.003*

IL-10 (pg/mL) 27+77.88 16.15+33.35 0.390

Diamine oxidase (U/L) 7.589+9.318 7.028+9.985 0.820

D-lactic acid (mg/L) 15.29+6.752 13.06+7.523 0.226

Endotoxin (U/L) 7.185+7.546 5.088+4.942 0.218

*, P<0.05, significant difference. gCD55, granulocyte CD55; eCD55, erythrocyte CD55; IL, interleukin.

Table 3 Multivariate analysis of diarrhea risk (n=39)

Variables OR 95% ClI P value
Age 0.990 0.972-1.009 0.775
gCD55 <0.001 <0.001-<0.001 0.014*
eCD55 0.008 0-0.174 0.023*
IL-10 1.003 0.997-1.009 0.135
Diamine oxidase 1.002 0.967-1.040 0.861
D-lactic 1.013 0.965-1.063 0.307
Endotoxin 1.021 0.961-1.084 0.937
IL-1 0.981 0.953-1.009 0.179
IL-2 1 1-1 0.313
IL-6 1.003 0.999-1.008 0.406
IL-8 1.001 0.999-1.002 0.138
PCT 1.062 0.965-1.169 0.335

*, P<0.05. gCD55, granulocyte CD55; eCD55, erythrocyte
CD55; PCT, procalcitonin; IL, interleukin; OR, odd ratio; Cl,
confidence interval.

diarrhea (43.27+25.88 vs. 18.15£5.121 pg/mL, P<0.0001)
(Figure 2C). Both groups show no significant difference in
diamine oxidase, D lactic acid and endotoxin level (Figure
2D,E,F).
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Diagnostic value of CD5S

When AUROC =0.919 and cutoff value =99.95%, the
optimal sensitivity and specificity were 96.2% and 100%,
respectively. The AUROC of erythrocyte membrane
surface CD55 in predicting diarrhea was 0.658, and
the AUROC of IL-10 in predicting diarrhea was 0.558
(Figure 3).

Comparetion of HLOS in two groups

HLOS in patients with diarrhea was significantly higher
than that in patients without diarrhea (20.76+3.148 vs.
17.95+1.653 days, P=0.025) (Figure 4).

Formulation and evaluation of the prediction model

Based on this, a prediction model was established.
Formulation and evaluation of the prediction model:
Witch values (day 1) were used for the prediction model.
The prediction model was: In[P/(1- P)] =-24.68 gCD55
- 2.26 eCD55 + 0.0041 IL-10 +2,691, the goodness of
fit test of the model was P=0.44, and the area under the
curve of the ROC curve of the model was 0.92 (Figure 5).
The model showed a good degree of calibration and
differentiation.
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Figure 2 Specific measurement of biomarkers.

Discussion

Diarrhea is a common complication of enteral nutrition in
severe patients, 50-63% of which occur during nasogastric
tube diet (1). Our study found that diarrhea accounted for
53.6% of enteral nutrition during nasogastric tube, which
was consistent with the findings. Clinical problems such
as electrolyte disorder, fecal incontinence and pressure
ulcers brought by diarrhea to ICU patients all increase their
medical expenses. The main treatment methods are to stop
enteral nutrition, stop diarrhea, regulate intestinal flora, etc.
When the nutritional support is interrupted, it will further
increase the risk of nutritional deficiency/malnutrition in

patients, and ultimately affect the recovery and prognosis of
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patients. Our study found that the hospitalization time of
the diarrhea group was significantly longer than that of the
non-diarrhea group. Mortality was also significantly higher
in the diarrhea group than in the non-diarrhea group.
This is consistent with the recent international nutrition
guidelines (12), early improvement of enteral nutrition
combined with diarrhea treatment can benefit survival,
and a number of RCT studies have reported that patients
with early enteral nutrition have higher survival rate, and a
number of studies have reported that nutritional standards
are related to the prognosis of severe patients (2,13). Based
on the results of these studies, we speculate that early
enteral nutrition and nutritional standards are beneficial

to patients with severe diseases, while enteral nutrition
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causes diarrhea, which not only affects the timing of enteral
nutrition, but also affects the standards of enteral nutrition,
so early detection and timely treatment of refractory
diarrhea is crucial.

Currently, most traditional indicators, such as diamine
oxidase, endotoxin and D-lactic acid, are used to determine
the severity of intestinal barrier damage and thus serve as
an important basis for starting enteral nutrition. However,
these indicators can only reflect the changes in the intestinal
barrier function and often lack specificity (14-16). Our
study found that there was no significant difference between
the diarrhea group and the non-diarrhea group in the
differences of the diamine oxidase, endotoxin and D-lactic
acid. Therefore, we need to diagnose severe diarrhea
earlier through other auxiliary indicators, such as damage
molecular markers, because it is more likely to require other
corresponding treatment. In contrast, enteral nutrition can
be timely applied to early improved diarrhea, so biomarkers
that can predict the recovery of intestinal function can be
used to guide clinical decisions.

CDS55 is an early marker that can be used to reflect
intestinal homeostasis (17,18) and can be expressed in
heterogeneous adult ICU population and help early
identification of patients at high risk of diarrhea. The
New England journal has reported that the loss of CD55
protein function can cause life-threatening intestinal
inflammation, chronic diarrhea and vascular embolism
(4,5). The team, led by Kaan Boztug and Michael Lenardo,
proposed that the deletion of the CD55 protein inhibits
the proper control of the complement system, which is
an important part of innate immune defense and induces
pro-inflammatory cytokine signaling. At the same time,
researchers have shown that the loss of CD55 results in
impaired production of IL-10, a key anti-inflammatory
signaling molecule in the intestine (5). The combination of
these effects leads to a potentially life-threatening clinical
disease in which the overfunctioning complement system
collapses in the absence of regulatory IL-10 molecules. The
observed intestinal inflammation is a direct consequence of
the continued stimulation of immune cells throughout the
intestinal flora, and fine-regulated regulatory mechanisms
are particularly important here. Inflamed lymphatic vessels
in the intestine result in loss of proteins through the plasma,
a major symptom of CDS55 deficiency, along with the risk
of thrombosis. To date, the role of CD55 in maintaining
intestinal homeostasis has been largely unexplored (19).
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Similarly, the underlying molecular mechanisms by which
intestinal protein loss plays a role in a large number of
diseases are widely unknown.

Our study found that CD55 on granule membrane
surface of diarrhea patients was significantly lower than
that of patients without diarrhea, and CD55 on erythrocyte
membrane surface of diarrhea patients was significantly
lower than that of patients without diarrhea, plasma IL-10
in patients with diarrhea was significantly higher than that
in patients without diarrhea. AUROC =0.919 when CDS55
on the surface of granule membrane predicted the area
under the curve of diarrhea, when cutoff value =99.95%,
the optimal sensitivity was 96.2%, and specificity was 100%.
The AUROC value of erythrocyte membrane surface
CD55 in predicting diarrhea was 0.658, and the AUROC
value of IL-10 in predicting diarrhea was 0.558 (Figure 2).
Based on this, a prediction model was established. The
prediction model was: In[P/(1- P)] =-24.68 gCD55 - 2.26
eCD55 + 0.0041 IL-10 +2,691, the goodness of fit test of
the model was P=0.44, and the area under the curve of the
ROC curve of the model was 0.92. Compared with the
traditional intestinal barrier biomarkers such as diamine
oxidase, D-lactic acid and bacterial endotoxin, CD55 on
the membrane surface of granule showed better prediction
effect. The prediction model based on CD55 and combined
with IL-10 also has good predictive value. Therefore, we
concluded that the decrease of CD55 on granule membrane
surface has certain predictive value for enteral nutrition
complicated with diarrhea. This provides preliminary data/
evidence for other clinical studies on intestinal biomarkers
in the future.

Explain its level and influence, and briefly explain its
scientific significance or application prospects:

(I) Intestinal barrier failure is one of the main causes

of death in critically ill patients, which has become
a major obstacle to further improve the success
rate of treatment of critically ill patients. The
mortality rate is extremely high, and the medical
expenses are extremely expensive. Timely and
effective treatment of intestinal barrier dysfunction
caused by enteral nutrition complicated with
diarrhea can improve the clinical treatment effect
of critical illness, and is very important to improve
the prognosis of critical illness patients and reduce
the mortality rate. Starting from the detection of
CD55, this project discussed the early detection
of enteral nutrition complicated with refractory
diarrhea and the prevention and treatment of other
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serious complications, providing a new idea for
improving the treatment effect of critical diseases.
(II) Early recovery of enteral nutrition and nutritional
standards are conducive to the prognosis and
recovery of patients. In this study, monitoring
CD?55 is widely used in clinical practice, which can
effectively monitor intestinal dysfunction caused by
critical diseases, timely and early recovery of enteral
nutrition, and reach the nutritional standard, so
as to improve the prognosis. Through prospective
observational clinical studies, this study explored
the effect of CD55 on intestinal dysfunction in
critically ill patients, and explored a new direction
for intestinal dysfunction in critically ill patients.

Limitations

This study was a single-center, observational study. The
sample size was not enough to verify the model. Diarrhea
could be induced by several factors, i.e., the daily caloric
intake, the flow rate of the tube feeding, the feeding
composition, medication (in particular antibiotics),
morbidity of the patient, infection with clostridium difficile.
However, the data in this study were statistically significant
in predicting severe diarrhea. Because of the study period,
we are unable to analyze the long-term prognosis of
the enrolled patients, but our study analyzed the short-
term prognosis. We thought the generalisability (external
validity) of the study results was worth expecting multi-
center studies and data from a larger sample are needed to
validate our conclusions.

Conclusions

The decrease of gCD55 and eCDS55 had certain predictive
value in enteral nutrition complicated with diarrhea. The
model established by combining gCD55, eCD55 and IL-
10 showed a good degree of calibration and differentiation.
It provided reference value for early detection of severe
diarrhea.
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