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Objectives: The aim of this study is to investigate the effect of oral
L-Glutamine supplementation on hospitalization time, need for
intensive care unit and Coronavirus Disease-19 (Covid-19)
mortality.
Methods: The study included 30 Covid-19 patients using L-Gluta-
mine and 30 Covid-19 patients who did not use L-Glutamine with
similar age, gender and clinical status. Diagnostic tests, laboratory
examinations, clinical findings and computed thorax tomography
imaging of the patients were evaluated.
Results: Hospitalization time was 10.4 ± 1.9 days in Covid-19
without L-Glutamine group and 8.9 ± 1.8 days in Covid-19 with L-
Glutamine group (p ¼ 0.005). In Covid-19 without the L-Glutamine
group, four patients require the ICU though no one in the other
group required that (p ¼ 0.038). Only one mortality was observed
in Covid-19 without the L-Glutamine group (p ¼ 0.999).
Conclusions: Nutritional supplements such as L-Glutamine boost
immune system especially by inhibition of inflammatory re-
sponses. Our results suggest adding enteral L-glutamine to the
normal nutrition in the early period of Covid-19 infection may lead
to a shortened hospital stay and lead to less need for ICU. Larger-
scale studies are needed to evaluate the effect of adding enteral L-
Glutamine to the currently used treatments in the infectious dis-
eases especially like Covid-19.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a new coronavirus first discov-
ered in December 2019 in Wuhan, province of China [1]. The disease was called Coronary Virus
Disease-19 (Covid-19) on February 11, 2020. On March 11, 2020, the World Health Organization
announced the Covid-19 as a pandemic [2]. As of the end of April, the disease affected more than 3
million people in the worldwide and caused more than 200 thousand of deaths.

In the treatment of Covid-19, antiviral agents such as lopinavir, ritonavir, remdesivir, antibacterial
drugs such as macrolides and antimalarial drugs such as hydroxychloroquine are used. While inter-
national studies are going on to find to improve the course of the disease and reduce mortality, there is
no precise treatment like vaccines found yet. Some approaches like Allopathic, Unani Homeopathic
treatments except immune system booster treatment have been used but mostly did not get success
[3]. The main approach, especially in those with lower respiratory tract involvement, is focused on
optimizing respiratory functions. The most effective treatment approach in the course of the disease
appears to be supportive therapy. Themorbidity andmortality of the disease is higher, especially in the
elderly patients with low immune function, in individuals with nutritional deficiencies and in people
with chronic diseases [4,5]. As in other acute diseases, since the catabolic process continues in Covid-
19, normal protein intake is not sufficient to support recovery. Promoting acute stress-decreasing levels
of specific amino acids, such as cysteine, arginine and glutamine enhances immunity in such patients
[6]. Acting as signal molecules and mediators at the cellular level, these featured amino acids are
known to regulate many functions in the cell and help recovery [7].

Glutamine is the most abundant amino acid in the body, containing 60% of the total pool of free
amino acids. The main synthesis sources of glutamine circulating in plasma are skeletal muscle,
adipose tissue and lungs. Glutamine performs most of the transport of nitrogen from the skeletal
muscle to the visceral tissues. Glutamine is used as a glucose-efficient primary fuel for many rapidly
dividing cells, including enterocytes, colonocytes, lymphocytes, and fibroblasts [8]. It has been shown
that glutamine, whose many functions are known, plays a role in acid-base balance through the
production of ammonia in the kidney, its oxidized form provides the substrate for the synthesis of
purines and pyrimidines necessary for DNA, RNA and mesenger RNA. Glutamine is also a precursor to
glutathione, a powerful antioxidant produced endogenously. It is one of the most researched amino
acids on multiple aspects of medical nutritional care, including conditions such as gastrointestinal
diseases, oncology, burn injury, HIV/AIDS, and chronic wound management [9].

Giving all the nutrition to be provided with glutamine support, which is very important in im-
mune nutrition, on time and as much as necessary, is very important for recovery. However, it should
not be forgotten that in all diseases, timely recognition and correction of malnutrition has the po-
tential to improve the outcome in a cost-effective way [5].

The aim of this study is to investigate the effect of oral L-Glutamine supplementation on hospi-
talization time, intensive care unit requirement andmortality in Covid-19 patients, over 50 years of age
who are hospitalized with lower respiratory tract involvement.

2. Methods

2.1. Informed consent

The sample collection protocol was approved by the Ethics Committee of the Biruni University
Faculty of Medicine (Authorization Number: 2020/39-39) and carried out in accordance with the re-
quirements of the Second Declaration of Helsinki. Before the written consent, all patients were given
complete information about the study procedures.
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2.2. Study population

A total of 381 Covid-19 patients were screened and 60 patients who met the inclusion criteria were
included in the study. Patients who applied to the Covid-19 outpatient clinics of Biruni University
Hospital between March 31 and April 31, those who had lower respiratory tract involvement in
computed thorax tomography (thorax CT) and positive real-time reverse-transcriptase-polymerase-
chain reaction (RT-PCR) test in oro-nasopharyngeal swab were included in the study. Thirty Covid-19
patients (12 female, 58.2 ± 8.4) using L-Glutamine and 30 Covid-19 patients (14 female, 58.8 ± 7.4) with
similar age, gender, and clinical status were included in the study.

Patients with kidney and liver dysfunction, alcoholism, malignancy, connective tissue diseases,
cardiovascular diseases (hypertension, ischemic heart disease, arrhythmia, serious valvular disease),
diabetes mellitus, neurological and psychiatric problems (Parkinson's disease, cerebrovascular disease,
delirium, bipolar disorder, depression), or severe disease that can not be measured their weight or
height were excluded from the study. The Sequential Organ Failure Assessment (SOFA) scoring was
performed to all patients for evaluating the severity of disease before the beginning of the study. The
patients had a point of quick SOFA (qSOFA)�2 were also not included in the study. When a patient was
classified with or at risk of malnutrition at the beginning or in the following period of the hospital stay,
we planned a nutritional care plan and excluded them from the study. The patients whose clinical
courses and laboratory parameters worsened though all given treatments were evaluated as severe
sepsis according to the criteria of SOFA. Firstly qSOFA was calculated with the blood pressure, respi-
ratory rate and mental status, if the qSOFA is 2 and/or bigger than 2, the patient was taken to the ICU.
SOFA measures individual or aggregate organ dysfunction in six organ systems (respiratory, coagu-
latory, liver, cardiovascular, renal, and neurologic) in the ICU and mostly predict the hospital mortality
[10].

2.3. Diagnosis of Covid-19

Thorax CT screenings of all patients, included in the study, were taken at the time of hospital
admission. As stated in the guidelines of Turkish Ministry of Health, an oropharyngeal sample was first
taken with a swab, then a nasal sample was taken using the same swab, and placed in the same
transport medium for diagnosis. Samples were tested by RT-PCR assay developed from the virus
sequence.

2.4. Laboratory analysis

Fasting blood samples were taken at the time of admission. Serum C-reactive protein (CRP) levels
were measured by a nephelometric method (Immage 800, Beckman Coulter, Istanbul, Turkey). The
other biochemical parameters as complete blood count (CBC), creatinine, sodium, potassium, alanine
aminotranferase (ALT), aspartate aminotransaminase (AST), lactate dehydrogenase (LDH), D-dimer,
ferritin, troponin were measured by routine methods with commercial kits.

2.5. L-Glutamine supplementation and nutritional status screening

The nutritional status of all our patients were investigatedwith the Nutritional Risk Screening (NRS-
2002) at the time of hospital admission. NRS-2002 consists of two levels such as impaired nutritional
status and severity of disease (such as low, moderate or severe for both of them), with an adjustment
for age �70 years. The status of nutrition as considering first level of this screening was evaluated by
the variables; Body Mass Index (BMI), weight loss in the last 3 months and decreased of food intake in
the last week. Degrees of severity of disease as considering second level of NRS-2002 were defined as
absent, mild, moderate or severe that were converted to a numeric score between 1 and 3 according to
recommendations. A total score under 3 suggested no nutritional risk. A data collection sheet was used
to obtain all informations according to the ESPEN guidelines [11].

All given meals for the studied patients were prepared in accordance with the appropriate guide-
lines in COVID-19 and consisted with equal protein and calori contents [12].
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To the group using L-Glutamine, 10 g L-Glutamine available in powder forms (Resource Glutamine,
Nestle) were given 3 times a day with meals.

2.6. Data collection

Data on patients' gender, age, clinical symptoms, treatments used, swab sample and presence of
thorax CT findings, laboratory results, vital signs, the results of nutritional status screenings and the
results of Pneumonia Severity Index Grades on the day of diagnosis, the number of hospitalization days,
need of ICU and mortality were recorded [12,13].

2.7. Statistical analysis

This study is retrospective, non-controlled, non-blinded, cross-sectional study for evaluating the
impact of glutamine effect on the clinical course of Covid-19 disease. A sample size of n ¼ 29 per group
is required to provide 80% power to detect a difference in themean levels with a significance of 0.05 (2-
sided a). The normal distribution of the data was tested using the one-sample KolmogoroveSmirnov
test. Continuous variables are presented as mean ± standard deviation. Categorical variables are pre-
sented as counts. The statistical comparisons were performed using the two-sided Student’s t-test.
Categorical variables were compared using the Chi-square test or Fisher exact test for small samples.
Values of p � 0.05 were considered to be statistically significant. The statistical analyses were per-
formed using SPSS 20.0 software (SPSS, Chicago, IL, USA) for Windows.

3. Results

Demographic features and laboratory findings of the study groups are given in Table 1. Age, gender
distribution, smoking and laboratory findings were similar between the groups. Symptoms, medica-
tions for Covid-19 and physical examination findings of the study groups are given in Table 2. All of the
symptoms, medications and physical examination findings of the study groups were similar between
the groups.

Duration of hospitalization, necessity of intensive care unit and number of mortality of the study
groups are given in Table 3. Duration of hospitalization was found as 10.4 ± 1.9 days in Covid-19
without L-Glutamine group and 8.9 ± 1.8 days in Covid-19 with L-Glutamine group (p ¼ 0.005). The
Table 1
Demographic characteristics and laboratory findings of the studied groups.

Covid-19 (n ¼ 30) Covid-19 with Glutamine (n ¼ 30) P

Age (years) 58.8 ± 7.4 58.2 ± 8.4 0.782
Gender (female) 14 (46.7) 12 (40) 0.795
Body Mass Index (kg/m2) 29.8 ± 3.2 30.1 ± 3.4 0.564
Smoking 9 (30) 8 (26.7) 0.835
Glucose (mg/dL) 91.1 ± 8.5 89.8 ± 7.7 0.806
Creatinine (mg/dL) 1.2 ± 0.9 1.1 ± 0.5 0.583
Leukocyte (103/mL) 6.9 ± 3.5 7.6 ± 4.6 0.535
Neutrophil (103/mL) 5.1 ± 3.3 5.8 ± 4.3 0.462
Lymphocyte (103/mL) 1.1 ± 0.4 1.3 ± 0.7 0.327
Haemoglobin (g/dL) 13.5 ± 1.9 13.4 ± 2.3 0.951
Platelet (103/mL) 192 ± 61 207 ± 69 0.382
CRP (mg/L) 48.3 ± 50.6 44.4 ± 81.3 0.823
ALT (U/L) 32 ± 16 35 ± 19 0.522
AST (U/L) 36 ± 21 29 ± 13 0.108
LDH (U/L) 267 ± 117 238 ± 103 0.323
Ferritin (ng/mL) 306 ± 256 227 ± 155 0.152
D-Dimer (ng/mL) 674 ± 467 533 ± 648 0.337
Troponin I (pg/mL) 14.2 ± 43.5 16.7 ± 48.1 0.314
Albumin (g/dL) 3.7 ± 1.1 3.5 ± 0.8 0.832

CRP; C-reactive protein, ALT; alanine aminotranferase, AST; aspartate aminotransferase, LDH; lactate dehydrogenase.



Table 2
Symptoms, medication for Covid-19 and physical examination findings of the study groups.

Covid-19 (n ¼ 30) Covid-19 with Glutamine (n ¼ 30) p

Symptoms
Fever 25 (83.3) 24 (80) 0.901
Cough 22 (73.3) 20 (66.6) 0.784
Dispne 8 (26.7) 9 (30) 0.835
Fatigue 23 (76.7) 21 (70) 0.771
Taste/smell abnormalities 6 (20) 3 (10) 0.225
Diarrhea 7 (23.3) 3 (10) 0.283
Medications
Hydroxychloroquine 30 (100) 30 (100) 0.999
Oseltamivir 30 (100) 28 (93.3) 0.834
Azithromycin 15 (50) 13 (43.3) 0.796
Moxifloxacin 15 (50) 17 (56.7) 0.801
Lopinavir/Ritonavir 4 (13.3) 3 (10) 0.911
Favipiravir 2 (6.7) 2 (6.7) 0.999
Other antibiotics 2 (6.7) 3 (6.7) 0.913
Physical examination findings
Fever (�C) 38.1 ± 0.7 37.9 ± 1.2 0.198
Systolic BP (mmHg) 116 ± 15 117 ± 15 0.763
Diastolic BP (mmHg) 74 ± 9 71 ± 8 0.101
Heart rate (/min.) 89.9 ± 10.8 88.1 ± 11.9 0.527
SO2 (%) 93.1 ± 2.7 94.3 ± 4.3 0.225
Respiratory rate (/min.) 19.2 ± 3.3 17.8 ± 4.1 0.135
Pneumonia Severity Index 60.2 ± 15.9 56.2 ± 11.8 0.281
Pneumonia Severity Index Grade
I 0 0 0.354
II 25 (83.3) 27 (90)
III 3 (10) 3 (10)
IV 2 (6.7) 0
V 0 0

BP; blood pressure, SO2; oxygen saturation.
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number of necessity of intensive care unit was significantly higher in Covid-19 without L-Glutamine
group (p¼ 0.038). Although therewas no difference inmortality rates between the groups, a deathwas
observed in the Covid-19 group, which did not receive L-Glutamine. Demographic characteristics,
laboratory and physical examination findings of before and after the treatment of glutamine groups are
given in Table 4. The total qSOFA score and respiratory rate decreased after the glutamine treatment (p
¼ 0.015 and p ¼ 0.024, respectively).
4. Discussion

This study evaluates the effects of L-Glutamine supplementation on hospitalization time, intensive
care requirement, and mortality in Covid-19 patients followed by lower respiratory tract involvement.
The results of our study showed that in Covid-19 cases using L-Glutamine, the duration of hospitali-
zation was shorter and the need for intensive care was less than those who did not use L-Glutamine.
Our study deserves interest as it is the first study in the literature examining the effects of immune
supplements such as L-glutamine added to standard current treatments on the progression of Covid
-19.

Leukocytes fight endotoxin, cytokine and free oxygen radicals, which increase in serious inflam-
mation situations such as sepsis, polytrauma and acute respiratory failure and also damage the
functions of cell. In these acute stress situations, heat shock proteins 70 (Hsp 70) expressed from
leukocytes only have a positive effect on complications and mortality in the presence of sufficient
glutamine. Therefore, Hsp70 and leukocyte functions, which decrease with glutamine levels falling



Table 3
Duration of hospitalization, necessity of intensive care unit and mortality of the study groups.

Covid-19 (n ¼ 30) Covid-19 with Glutamine (n ¼ 30) p

Duration of hospitalization 10.4 ± 1.9 8.9 ± 1.8 0.005
Necessity of intensive care unit 4 (13.3) 0 0.038
Mortality 1 (3.3) 0 0.999

p � 0.05 is statistically significant.

Table 4
Demographic characteristics, laboratory and physical examination findings of before and after the treatment of glutamine group.

Before the Glutamine (n ¼ 30) After the Glutamine (n ¼ 30) P

Creatinine (mg/dL) 1.1 ± 0.5 1.2 ± 0.4 0.374
Total bilirubin (mg/dL) 0.9 ± 0.4 1.1 ± 0.5 0.312
Leukocyte (103/mL) 7.6 ± 4.6 6.9 ± 1.9 0.419
Neutrophil (103/mL) 5.8 ± 4.3 4.7 ± 1.6 0.186
Lymphocyte (103/mL) 1.3 ± 0.7 1.6 ± 0.6 0.068
Platelet (103/mL) 207 ± 69 199 ± 56 0.916
CRP (mg/L) 44.4 ± 81.3 14.2 ± 15.1 0.054
Physical examination
findings

Systolic BP(mmHg) 117 ± 15 122 ± 11 0.763
Diastolic BP(mmHg) 71 ± 8 78 ± 7 0.101
Heart rate (/min.) 88.1 ± 11.9 85 ± 6.9 0.527
SO2 (%) 94.3 ± 4.3 94.7 ± 3.1 0.225
PaO2 (mmHg) 71.6 ± 14.5 79.5 ± 13.3 0.089
Need for vasopressors 0 0
Quick SOFA (qSOFA) Scoring
System

Altered mental status
Glasgow coma scale <15

1 (3.3) 0 0.513

Respiratory rate �22 (/min.) 6 (20) 0 0.024
Systolic BP � 100 mmHg 1 (3.3) 0 0.513
Total Quick SOFA Score (qSOFA)
1 8 (26.7) 0 0.015
2 0 0
3 0 0

p � 0.05 is statistically significant.
CRP; C-reactive protein, BP; blood pressure, SO2; oxygen saturation, PaO2; partial pressure of arterial oxygen, SOFA; the
Sequential Organ Failure Assessment.
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below physiological doses in these patients, are considered as one of the causes of immune indulgence
[14,15].

Increased metabolic stress period, free glutamine release from skeletal muscle, resulting in intra-
cellular glutamine concentration drops more than 50% [16,17[. In their study, Roth et al. found that
survival in patients with intra-abdominal sepsis is associated with free intracellular glutamine con-
centration [18]. Glutamine is normally synthesized endogenously, however, it is considered as an
essential amino acid in catabolic processes. Thus, the body's glutamine synthesis becomes unable to
meet higher requirements during acute stress. Dietary protein, which is taken through oral nutrition
and most enteral formulas, provides only maintenance levels of glutamine. There is no glutamine in
parenteral amino acid solutions. Furst et al. suggest that during periods of stress, 15e35 g of supple-
mented glutamine may be required to maintain muscle glutamine and intestinal integrity, and to
quickly provide fuel and positive nitrogen balance to the cells [19]. In our study, similar to the rec-
ommendations in the literatüre, we examined the effects of glutamine, on the course of the disease by
adding ready 30 g/day ready glutamine preparations to patients treated with the Covid-19 pneumonia,
by providing additional nutritional immune support.
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Glutamine supplementation during oncology therapy is an exciting area of current research. The
data show that glutamine can support the host by regenerating glutathione levels, preventing or
repairing tissue damage, and improving some side effects [20]. With parenteral glutamine-
supplemented nutrition given to patients undergoing bone marrow transplantation, the duration of
hospitalization and the rate of developing infections have decreased. Estimated cost savings per patient
was about $ 22,000 [21]. In our study, it was observed that the duration of hospitalization was
shortened and the need for intensive care was reduced by giving L-Glutamine to patients with lower
respiratory tract involvement due to Covid-19. Therefore, this decrease in morbidity also reduces
health expenses.

In the literature, there aremany randomized controlled studies andmeta-analyzes investigating the
effectiveness of glutamine in supplementary therapy in acute stressful diseases, and sometimes the
results can be confusing. However, an umbrella study examining the results of meta-analyzes on this
subject has recently been published. In many of the meta-analyzes, it was stated that glutamine, which
became essential amino acid by decreasing its level in critical acute patients, had a positive effect on
recovery time, development of secondary infection and mortality in parenteral or enteral ways [22].
Parenteral glutamine given in rats with in vivo polymicrobial sepsis, and glutamine given enterally and/
or parenterally to patients diagnosed with sepsis in vitro studies have also been shown to have positive
effects on the immune system [23,24].

In the light of these studies, in Covid-19 with lower respiratory tract involvement, which is the most
important pandemic of the last century and has yet no curative treatment, we designed our study
considering that glutamine supplementation, which can be given orally to the patients, will provide pos-
itive efficacy on immunemodulation. The results of our studywere also positive similarly to the literatüre.
However, more comprehensive studies on this subject are needed to reconfirm the results from our study.

The current study has some limitations. First, the results cannot be generalized to the whole
population because the studywas conducted in a single center and included only patients over 50 years
of age without comorbidity. Second, more patients should be included in the study to demonstrate the
effect of L-Glutamine supplementation on mortality. Third, to demonstrate the improvement of
pathophysiological changes in the lung, patients should undergo pulmonary function tests and CT
examinations after 6e8 weeks. The last limitation is that the Covid-19 without L-Glutamine group's not
using placebo creates a separate bias.

In conclusion, our results suggest adding enteral L-glutamine to the normal nutrition in the early
period of Covid-19 infection can shorten the length of hospital stay and reduce the need for ICU. Larger
studies are needed to demonstrate the effect of L-Glutamine supplementation on Covid-19-related
mortality and also in other infectious diseases.

Author contributions

Mahir Cengiz, conceptualization; data curation; formal analysis; investigation; methodology;
project administration; software; supervision; role/writing - original draft.

Betul Borku Uysal, data curation; investigation; visualization; roles/writing - review & editing.
Hande Ikitimur, data curation; investigation; supervision; visualization.
Erkan Ozcan, conceptualization; data curation; resources; software; supervision; validation.
Mehmet Sami Islamo�glu, conceptualization; data curation; investigation; resources; supervision;

validation; visualization.
Emre Aktepe, data curation; formal analysis; resources.
Hakan Yavuzer, conceptualization; Formal analysis; investigation; methodology; software; Roles/

Writing - original draft; Writing - review & editing.
Serap Yavuzer conceptualization; data curation; formal analysis; investigation; methodology;

project administration; resources; supervision; visualization; roles/writing - original draft; writing -
review & editing.

Declaration of competing interest

The authors declare that they have no conflict of interest.



M. Cengiz et al. / Clinical Nutrition Experimental 33 (2020) 24e31 31
References

[1] Gorbalenya AE, Baker SC, Baric RS, Groot RJ, Drosten C, Gulyaeva AA, et al. Severe acute respiratory syndrome-related
coronavirus: the species and its viruses - a statement of the Coronavirus Study Group. BioRxiv 2020. 2020.02.07.937862,
https://doi.org/10.1101/2020.02.07.937862.

[2] WHO Director-General’s remarks at the media briefing on 2019-nCoV on 11 February 2020. 2020. https://www.who.int/
dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020.

[3] Ali Imran, Alharbi Omar ML. COVID-19: disease, management, treatment, and social impact. Sci Total Environ 2020 Aug 1;
728:138861. https://doi.org/10.1016/j.scitotenv.2020.138861.

[4] Hu B, Zeng LP, Yang XL, Ge XY, Zhang W, Li B, et al. Discovery of a rich gene pool of bat SARS-related coronaviruses provides
new insights into the origin of SARS coronavirus. PLoS Pathog 2017;13(11):e1006698. https://doi.org/10.1371/journal.ppat.
1006698.

[5] Mehta Shameer. Nutritional status and COVID-19: an opportunity for lasting change? Clin Med (Lond). 2020; clinmed.
2020-0187, https://doi.org/10.7861/clinmed.2020-0187.

[6] Obled C, Papet I, Breuill�e D. Metabolic bases of amino acid requirements in acute diseases. Curr Opin Clin Nutr Metab Care
2002;5(2):189e97. https://doi.org/10.1097/00075197-200203000-00012.

[7] Meijer AJ, Lorin S, Blommaart EF, Codogno P. Regulation of autophagy by amino acids and MTOR-dependent signal
transduction. Amino Acids 2015;47(10):2037e63. https://doi.org/10.1007/s00726-014-1765-4.

[8] Bergstr€om J, Fürst P, Nor�ee LO, Vinnars E. Intracellular free amino acid concentration in human muscle tissue. J Appl
Physiol 1974;36(6):693e7. https://doi.org/10.1152/jappl.1974.36.6.693.

[9] Savy GK. Glutamine supplementation. Heal the gut, help the patient. J Infusion Nurs 2002;25(1):65e9. https://doi.org/10.
1097/00129804-200201000-00010.

[10] Singer Mervyn, Deutschman Clifford S, Warren Seymour Christopher, Shankar-Hari Manu, Annane Djillali, Bauer Michael,
et al. The third international consensus definitions for sepsis and septic shock (Sepsis-3). J Am Med Assoc 2016 Feb 23;
315(8):801e10. https://doi.org/10.1001/jama.2016.0287.

[11] Kondrup J, Rasmussen HH, Hamberg O, Stanga Z. Ad Hoc ESPEN Working Group Nutritional risk screening (NRS 2002): a
new method based on an analysis of controlled clinical trials. Clin Nutr 2003;22(3):321e36.

[12] Barazzoni R, Bischoff SC, Breda J, Wickramasinghe K, Krznaric Z, Nitzan D. ESPEN expert statements and practical guidance
for nutritional management of individuals with SARS-CoV-2 infection. Clin Nutr 2020. https://doi.org/10.1016/j.clnu.2020.
03.022.

[13] Wenhua Liang, Hengrui Liang, Limin Ou, Binfeng Chen, Ailan Chen, Caichen Li et al. Development and validation of a
clinical risk score to predict the occurrence of critical illness in hospitalized patients with COVID-19. JAMA Inten. Med. May
12, 2020. https://doi.org/10.1001/jamainternmed.2020.2033

[14] Polla BS, Bachelet M, Elia G, Santoro MG. Stress proteins in inflammation. Ann NY Acad Sci 1998;851:75e85.
[15] Bruemmer-Smith S, Stüber F, Schroeder S. Protective functions of intracellular heat-shock protein (HSP) 70-expression in

patients with severe sepsis. Intensive Care Med 2001;27:1835e41.
[16] Vente JP, von Meyenfeldt MF, van Eijk HM, van Berlo CL, Gouma DJ, van der Linden CJ, et al. Plasma-amino acid profiles in

sepsis and stress. Ann Surg 1989;209(1):57e62. https://doi.org/10.1097/00000658-198901000-00009.
[17] Askanazi J, Carpentier YA, Michelsen CB, Elwyn DH, Furst P, Kantrowitz LR, et al. Muscle and plasma amino acids following

injury. Influence of intercurrent infection. Ann Surg 1980;192(1):78e85. https://doi.org/10.1097/00000658-198007000-
00014.

[18] Roth E, Funovics J, Mühlbacher F, Schemper M, Mauritz W, Sporn P, et al. Metabolic disorders in severe abdominal sepsis:
glutamine deficiency in skeletal muscle. Clin Nutr 1982;1(1):25e41. https://doi.org/10.1016/0261-5614(82)90004-8.

[19] Furst P, Bergstrom P, Chao L. Influence of amino acid supply on nitrogen and plasma amino acid metabolism in severe
trauma. Acta Chir Scand 1979;494(supp):136e8. https://doi.org/10.1016/1043-6618(94)80088-X.

[20] Klimberg VS, McClellan J. Glutamine, cancer, and its therapy. Am J Surg 1996;172:418e24. https://doi.org/10.1016/S0002-
9610(96)00217-6.

[21] MacBurney M, Young LS, Ziegler TR, Wilmore DW. A cost-evaluation of glutamine-supplemented parenteral nutrition in
adult bone marrow transplant patients. J Am Diet Assoc 1994;94(11):1263e6. https://doi.org/10.1016/0002-8223(94)
92457-0.

[22] McRae MP. Therapeutic benefits of glutamine: an umbrella review of meta-analyses. Biomed Rep 2017;6(5):576e84.
https://doi.org/10.3892/br.2017.885.

[23] Koksal GM, Erbabacan E, Tunali Y, Karaoren G, Vehid S, Oz H. The effects of intravenous, enteral and combined admin-
istration of glutamine on malnutrition in sepsis: a randomized clinical trial. Asia Pac J Clin Nutr 2014;23(1):34e40. https://
doi.org/10.6133/apjcn.2014.23.1.11.

[24] Hu YM, Hsiung YC, Pai MH, Yeh SL. Glutamine administration in early or late septic phase downregulates lymphocyte PD-
1/PD-L1 expression and the inflammatory response in mice with polymicrobial sepsis. JPEN - J Parenter Enter Nutr 2018;
42(3):538e49. https://doi.org/10.1177/0148607117695245.

https://doi.org/10.1101/2020.02.07.937862
https://www.who.int/dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020
https://doi.org/10.1016/j.scitotenv.2020.138861
https://doi.org/10.1371/journal.ppat.1006698
https://doi.org/10.1371/journal.ppat.1006698
https://doi.org/10.7861/clinmed.2020-0187
https://doi.org/10.1097/00075197-200203000-00012
https://doi.org/10.1007/s00726-014-1765-4
https://doi.org/10.1152/jappl.1974.36.6.693
https://doi.org/10.1097/00129804-200201000-00010
https://doi.org/10.1097/00129804-200201000-00010
https://doi.org/10.1001/jama.2016.0287
http://refhub.elsevier.com/S2352-9393(20)30016-6/sref11
http://refhub.elsevier.com/S2352-9393(20)30016-6/sref11
http://refhub.elsevier.com/S2352-9393(20)30016-6/sref11
https://doi.org/10.1016/j.clnu.2020.03.022
https://doi.org/10.1016/j.clnu.2020.03.022
https://doi.org/10.1001/jamainternmed.2020.2033
http://refhub.elsevier.com/S2352-9393(20)30016-6/sref14
http://refhub.elsevier.com/S2352-9393(20)30016-6/sref14
http://refhub.elsevier.com/S2352-9393(20)30016-6/sref15
http://refhub.elsevier.com/S2352-9393(20)30016-6/sref15
http://refhub.elsevier.com/S2352-9393(20)30016-6/sref15
https://doi.org/10.1097/00000658-198901000-00009
https://doi.org/10.1097/00000658-198007000-00014
https://doi.org/10.1097/00000658-198007000-00014
https://doi.org/10.1016/0261-5614(82)90004-8
https://doi.org/10.1016/1043-6618(94)80088-X
https://doi.org/10.1016/S0002-9610(96)00217-6
https://doi.org/10.1016/S0002-9610(96)00217-6
https://doi.org/10.1016/0002-8223(94)92457-0
https://doi.org/10.1016/0002-8223(94)92457-0
https://doi.org/10.3892/br.2017.885
https://doi.org/10.6133/apjcn.2014.23.1.11
https://doi.org/10.6133/apjcn.2014.23.1.11
https://doi.org/10.1177/0148607117695245

	Effect of oral l-Glutamine supplementation on Covid-19 treatment
	1. Introduction
	2. Methods
	2.1. Informed consent
	2.2. Study population
	2.3. Diagnosis of Covid-19
	2.4. Laboratory analysis
	2.5. l-Glutamine supplementation and nutritional status screening
	2.6. Data collection
	2.7. Statistical analysis

	3. Results
	4. Discussion
	Author contributions
	Declaration of competing interest
	References


