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Patients with COVID-19 present with low plasma citrulline 

concentrations that associate with systemic inflammation 

and gastrointestinal symptoms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Plasma citrulline inversely correlates with systemic inflammation in patients 

with COVID-19. 

(A) Correlation between plasma level of citrulline and C-reactive protein (CRP). 

Pearson correlation test. (B) CRP levels of patients with low or normal citrulline 

(20 μmol/L threshold). Mann-Whitney test. (C) Ferritin level of patients with low 

of normal citrulline. Mann-Whitney test. (D) Albumin level of patients with low of 

normal citrulline. Mann-Whitney test. 
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While gastrointestinal symptoms are more and more recog-

nized, the exact etiopathogenesis of SARS-CoV-2-associated diar-

rhea is still unknown [1] . It also remains unclear whether SARS-

CoV-2 directly impacts enterocytes. The amino acid citrulline is

not incorporated into proteins and is involved in intermediary

metabolism. In humans, plasma citrulline is almost exclusively pro-

duced by enterocytes. Therefore, citrulline is used as a biomarker

of small bowel enterocyte mass and function. For example, it is

decreased in total villous atrophy as well as in short bowel syn-

drome with generally accepted thresholds of 10 μmol/L and 20

μmol/L, respectively [2] . The epithelial cells of the gastrointestinal

tract express the angiotensin-converting enzyme 2 (ACE2), which

is a crucial receptor for SARS-CoV2 [ 3 , 4 ]. Stanifer et al. provided in

vitro evidence that SARS-CoV-2 could infect human intestinal cells.

Moreover, they showed that the virus could replicate in intestinal

epithelial cell lines as well as in human colon organoid models,

therefore participating in the spread of SARS-CoV-2 with enhanced

viremia [ 5 , 6 ]. 

As human evidences of a direct impact of SARS-CoV-2 on the

enterocytes of the small intestine are lacking, we aimed to as-

sess enterocytes’ function in patients with SARS-CoV-2 infection by

measuring plasma citrulline concentrations. 

In a single academic center (Beaujon Hospital, APHP, France),

during ten days (from April 14 to April 24, 2020), we prospec-

tively enrolled consecutive patients hospitalized for a PCR-

confirmed COVID-19. Following ethical committee’s standard (IRB

0 0,0 06,477), we collected clinical features and performed a

biological assessment, including citrulline measured by liquid

chromatography-mass spectrometry and inflammatory biomarkers. 

Twenty-six patients with a wide range of severity of the dis-

ease were enrolled, including five who were admitted in an inten-

sive care unit (ICU). Studied patients had a mean age of 61.2 years

(standard deviation of 13.8) and 26.7% were females. 42.3% of pa-

tients presented diarrhea (extensive clinical characteristics are pre-

sented in the Table 1 ). 

Sixteen out of the 26 patients (61.5%) presented concentra-

tions of plasma citrulline below 20 μmol/L and 4 (15.4%) exhib-

ited citrulline plasma concentrations below 10 μmol/l. Interest-

ingly, digestive symptoms (including nausea/vomiting, abdominal

pain, and diarrhea) were more frequent in patients with low cit-

rulline (below 20 μmol/L) as compared with patients with nor-

mal citrulline (62.5% versus 20%, p = 0.05, Fisher’s exact test). Clin-

ical markers of severity (lung surface area affected, ICU admis-

sion, orotracheal intubation) were all numerically higher in pa-

tients with low citrulline, although they did not reach statistical

significance. 
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We then correlated biomarkers of systemic inflammation with

itrulline. C-reactive protein concentrations were higher in patients

ith citrulline level below 20 μmol/L as compared to patients with

ormal concentrations of citrulline (84.5 versus 13.5 mg/l, p = 0.03).

imilarly, ferritin concentrations, which are a hallmark of severe

OVID-19 with hemophagocytic lymphohistiocytosis features, were

igher in patients with low citrulline (1009 versus 379 ng/mL,

 = 0.01) ( Fig. 1 ). 

In our cohort study, we showed that a majority of patients

ith moderate to severe COVID-19 had decreased levels of plasma

itrulline, which correlated with digestive symptoms and systemic

nflammation. In addition to previous indirect evidence, our study

uggests that enterocytes themselves may be affected by SARS-

oV-2, leading to gastrointestinal symptoms and worsening of sys-

emic inflammation. Low citrulline is likely involved in SARS-CoV-

-associated diarrhea by causing alteration of intestinal permeabil-

ty and enterocyte malabsorption. It could also participate in the

ignificant weight loss that is observed in patients with COVID-19. 
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Table 1 

Characteristics of patients with low or normal concentrations of plasma citrulline. 

Clinical 

characteristics 

Citrulline < 20 μmol/L Citrulline > 20 μmol/L p value 

( n = 16) ( n = 10) 

Age (mean + /- SD) 57.8 + / −11.1 66.6 + / −16.6 0.16 

Sex (female (n,%)) 4 (25%) 3 (30%) 1 

Time from onset of symptoms (days) 14.8 + / −8.2 16.3 + / −14 0.77 

Cardiovascular risk factors Elevated blood pressure 7 (43.8%) 4 (40%) 1 

Diabetes 8 (50%) 4 (40%) 0.7 

Dyslipediamia 4 (25%) 2 (20%) 1 

Cardiovascular history 0 (0%) 2 (20%) 0.14 

Pulmonary diseases COPD 1 (6.3%) 1 (10%) 1 

Asthma 2 (12.5%) 0 (0%) 0.51 

History of IBD 0 (0%) 0 (0%) 1 

Smoking 0 (0%) 1 (10%) 0.38 

Medications ARB2 2 (12.5%) 2 (20%) 0.63 

Steroids 0 (0%) 0 (0%) 1 

NSAID 0 (0%) 0 (0%) 1 

Clinical features Fever 12 (75%) 6 (60%) 0.66 

Coughing 13 (81.3%) 8 (80%) 1 

Shortness of breath 6 (37.5%) 5 (50%) 0.69 

Anosmia 5 (31.3%) 2 (20%) 0.67 

Ageusia 6 (37.5%) 2 (20%) 0.42 

Arthromyalgia 6 (37.5%) 3 (30%) 1 

Anorexia 10 (62.5%) 4 (40%) 1 

Nausea/vomiting 3 (18.8%) 0 (0%) 0.26 

Abdominal pain 2 (12.5%) 0 (0%) 0.6 

Diarrhea 9 (56.3%) 2 (20%) 0.11 

Digestive symptoms 10 (62.5%) 2 (20%) 0.05 

Physical characteristics Abdominal circonference 100.3 + / −14.2 104.4 + / −12.9 0.5 

Baseline body mass index 28.6 + / −8.3 27.4 + / −3.7 0.42 

CT-scan Lung area affected > 25% 8 (50%) 2 (20%) 0.22 

Outcomes Admission in ICU 4 (25%) 1 (10%) 0.62 

Orotracheal intubation 3 (18.8%) 0 (0%) 0.26 

Death 1 (6.3%) 0 (0%) 1 

ARB2: angiotensin II receptor blocker; COPD: chronic obstructive pulmonary disease; CT-scan: computarized tomography scan; ICU: in- 

tensive care unit; NSAID: non-steroidal anti-inflammatory drug; SD: standard deviation. 
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Our study included a relatively low number of patients that

imits the statistical power of the analysis. We did not include stool

ssessment due to safety regulations but previously published stool

nalyses reported that patients with COVID-19-associated diarrhea

ad elevated fecal calprotectin levels in patients with active diar-

hea [7] . Interestingly, the level of fecal calprotectin did not corre-

ate with the level of viral RNA in the stool but positively corre-

ated with the level of systemic inflammation [7] . 

We report here for the first time, particularly low concentra-

ions of plasma citrulline in patients with COVID-19. Citrulline is

ery specific of total enterocyte mass, suggesting a direct impact

f SARS-CoV-2 on the enterocytes. Intestinal ischemia, through hy-

oxic injury and microvascular coagulopathy induced by SARS-

oV-2, could also be considered as a mechanism of enterocytes

ysfunction [8] . 
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