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A B S T R A C T   

Background: Coronavirus disease 2019 (COVID-19) has affected millions globally, with a continued need for 
effective treatments. N-acetylglucosamine has anti-inflammatory activities and modulates immune response. 
This study evaluated whether N-acetylglucosamine administered orally improves clinical outcomes for patients 
admitted to the hospital due to COVID-19. 
Materials and methods: This single-center, prospective, observational cohort study used a retrospective control 
group for comparison. Multivariate analyses evaluated whether N-acetylglucosamine was an independent pre
dictor of primary outcomes (rate of intubation, hospital length-of-stay, and mortality) and select secondary 
outcomes (intensive care unit [ICU] admission, ICU length-of-stay, supplemental oxygen use duration, hospice 
initiation, and poor clinical outcome [defined as combined hospice initiation/death]). 
Results: Of the 50 patients enrolled in the N-acetylglucosamine treatment group, 48 patients had follow-up data 
(50.0% [24/48] male; median age 63 years, range: 29–88). Multivariate analysis showed the treatment group 
had improved hospital length-of-stay (β: 4.27 [95% confidence interval (CI) − 5.67; − 2.85], p < 0.001), ICU 
admission (odds ratio [OR] 0.32 [95% CI 0.10; 0.96], p = 0.049), and poor clinical outcome (OR 0.30 [95% CI 
0.09; 0.86], p = 0.034). Mortality was significantly lower for treatment versus control on univariate analysis 
(12.5% vs. 28.0%, respectively; p = 0.039) and approached significance on multivariate analysis (p = 0.081). 
Conclusions: N-acetylglucosamine administration was associated with reduced hospital length-of-stay, ICU 
admission rates, and death/hospice rates in adults with COVID-19 compared to those who received standard care 
alone. An upcoming trial will further investigate N-acetylglucosamine’s effects. 
Trial Registration: NCT04706416.   

1. Introduction 

As of April 2021, there have been over 141 million cases of coro
navirus disease 2019 (COVID-19) globally, with more than 31 million of 
those cases and 567,000 deaths occurring in the United States [1]. A 
number of therapies have been used and investigated for COVID-19 
treatment, including corticosteroids [2,3], antiviral agents [4–6], 
immunomodulatory drugs [7], serotherapy and convalescent plasma 
[8], anticoagulants [9], and inflammatory inhibitors [10,11]. Of these, 
the United States Food and Drug Administration has only given emer
gency use authorization to remdesivir and tocilizumab for treatment 
against COVID-19 [12,13] and prognosis for the disease remains poor 
[14]. Therefore, it is important to continue searching for treatments that 
can slow or reverse clinical deterioration associated with COVID-19 
illness. 

N-acetylglucosamine (NAG) is a naturally occurring amino sugar 
precursor for epithelial glycosaminoglycan synthesis and has been used 
to reduce chronic inflammation associated with osteoarthritis [15,16]. 
Researchers proposed mechanisms for glucosamine-mediated inhibition 
of enveloped virus replication as early as the 1970’s [17–19]. More 
recent studies describe NAG’s involvement in human bronchial epithe
lial cell immune function via the hexosamine biosynthetic pathway 
[20], and multiple animal models have indicated that NAG may protect 
organ function in acute settings by reducing maximum inflammation 
[21,22]. Given the anti-inflammatory and immune activities of NAG, 
this study sought to analyze the effects of 700 mg NAG administered 
twice daily to patients with COVID-19. 

The safety and rationale for using NAG on the described dosing 
schedule have been well established. Human clinical trials for NAG as 
treatment for osteoarthritis have nearly universally employed a dose of 
1500 mg/day [15,23], closely aligning with the 1400 mg/day total 
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dosing in the current study. In a pilot study by Salvatore et al., NAG was 
administered in doses ranging from 3 to 6 g with no adverse side effects 
of the treatment noted [24]. NAG is safe when administered intrave
nously in quantities as large as 20 g in humans, with no toxicity or 
alteration of blood glucose concentration [16,25]; likewise, the 
long-term safety of NAG has been endorsed due to the relative absence of 
treatment-related adverse effects in the literature [26]. 

While the safety of NAG is clear, it is unclear what effects its 
administration will have on various clinical outcomes. Therefore, this 
study investigated the effects of NAG administration on rates of intu
bation, hospital length of stay, and mortality in COVID-19 patients. 

2. Methods 

2.1. Study design 

This work has been reported in line with STROCSS criteria [27]. This 
was a single-center, observational study carried out in adult patients 
presenting to the emergency department of Valley Baptist Medical 
Center (Harlingen, TX, USA) with shortness of breath. The research 
protocol was reviewed and received approval from the Institutional 
Review Board (IRB) at MetroWest Medical Center, Framingham Union 
Hospital, and Leonard Morse Hospital (IRB #2020-106; approved 
August 26, 2020). The study is registered on ClinicalTrials.gov 
(NCT04706416). The study period was November 14, 2020, to 
January 15, 2021, aiming to enroll 50 patients to receive NAG. 

Consecutive patients who presented with shortness of breath were 
immediately tested for COVID-19 through reverse transcription poly
merase chain reaction (RT-PCR) and approached for enrollment in the 
study. Those who provided informed consent and received a positive 
COVID-19 diagnoses were included in the study; those who tested 
negative for COVID-19 were not included. No determination was made 
regarding COVID-19 variants or false positive results. Study participants 
received 700 mg NAG orally every 12 h as first-line treatment upon 
admission. Patients in the treatment group also received standard of care 
at the discretion of the attending physician, including antibiotics, anti
virals, corticosteroids, and convalescent plasma. Patients continued to 
receive NAG and were followed until study exit, which occurred at 
expiration, discharge, or 30 days. 

2.2. Inclusion & exclusion criteria 

Inclusion criteria, which remained unchanged for the duration of the 
study, stipulated that all patients had to be ≥ 18 years old; present with 
shortness of breath (since local institutional policy only admitted pa
tients with shortness of breath); clinical diagnosis of COVID-19 by RT- 
PCR; hospital admittance due to COVID-19; were administered NAG 
orally as first-line treatment; and no intubation prior to hospitalization 
and enrollment in the current study. Patients were excluded if they did 
not meet criteria above, had an allergy to NAG or shellfish, were 
currently taking warfarin, or currently pregnant or lactating. 

2.3. Data collection & outcomes 

Upon admission, the research team recorded patient demographics, 
comorbidities, symptoms, disease severity (as assessed by the World 

Health Organization [WHO] Ordinal Scale for Clinical Improvement 
[28]; see Table S1), need for supplemental oxygen, and time from 
symptom onset until hospital arrival. The research team also collected 
bloodwork for the following at admission: white blood cell count (WBC), 
hematocrit (HCT), hemoglobin (HBG), C-reactive protein (CRP), pro
calcitonin (PCT), interleukin-6 (IL-6), and erythrocyte sedimentation 
rate (ESR). During the study period, discretionary treatments and in
terventions were recorded daily until study exit. 

The primary outcomes of interest were rate of intubation, hospital 
LOS, and mortality following rapid administration of 700 mg NAG for 
COVID-19 treatment. Secondary outcomes of interest included intensive 
care unit (ICU) admission, ICU LOS, supplemental oxygen duration, rate 
of hospice initiation, and poor clinical outcome (defined as combined 
death/hospice initiation). 

2.4. Comparison groups & statistical analysis 

Beginning on the study start date, the previous 100 COVID-19- 
positive consecutive patients admitted to Valley Baptist Medical Cen
ter were retrospectively identified via chart review to serve as the con
trol/comparison arm. Data for these patients was collected before 
commencement of the NAG trial. Univariate analysis was performed for 
all primary and secondary outcomes, followed by multivariate analysis 
for primary outcomes and select secondary outcomes that approached 
significance and had sufficient frequency of occurrence to be meaning
ful; the main conclusions of this study are drawn from multivariate 
analysis. Due to its status as a pilot study and the urgency of releasing 
information about COVID-19, a priori sample size calculations were not 
performed for this study. Instead, samples were based on cost, patient 
availability, limited timeline, and best practices in the view of the 
principal investigator, with the intention of detecting potential effects or 
trends to be further evaluated in later studies. Since IRB did not require 
patient consent for de-identified data and there was sufficient data 
availability, a larger study arm was selected for the control arm to in
crease the power and sensitivity of the analysis while reducing risk of 
type 2 error, at no extra cost in terms of time or resources. 

Continuous parameters were assessed for normality based on cross- 
validation using Anderson-Darling [29], D’Agostino-Pearson omnibus 
[30], Shapiro-Wilk [31], and Kolmogorov-Smirnov tests [32]. [32] 
Comparisons of normally distributed data between groups were 
analyzed using unpaired Student’s t-tests. Effect sizes from t-tests were 
reported as mean differences with 95% confidence intervals (CIs) based 
on normal approximation. Comparisons of nonparametric data between 
groups were analyzed using the Mann-Whitney U test. Effect sizes from 
nonparametric tests were reported as Hodge’s-Lehman differences (H-L 
Diff) and their respective 95% CIs. Comparisons of dichotomous data 
between groups were analyzed using Fisher’s exact binomial test [33]. 
Effect sizes from Fisher’s exact test were reported as odds ratios (ORs) 
with 95% CIs computed using the Baptista-Pike method [34]. 

A correlation matrix showing the strength and direction of correla
tion between covariates and outcomes was generated using Spearman’s 
rank correlation test via the ‘corrplot’ package in R. Spearman’s rank 
correlation was used to provide a more robust measurement of corre
lation in the face of high leverage outliers. Simple linear or logistic re
gressions were used to evaluate potential predictors of primary and 
secondary outcomes. Multivariate regression using best subset selection 
was performed based on model comparison using adjusted R2 values 
(linear regressions) or adjusted pseudo-R2 values (logistic regressions). 
Model predictive performance of multiple linear regression was also 
evaluated by root mean square error (RMSE) values and multiple logistic 
regressions were evaluated by area under the receiver operating char
acteristic curve (ROC). Comparisons of best subset selection with models 
including the full set of covariates considered for multivariate analysis 
was also performed. Best subset selection was carried out using the 
‘leaps’ package in R. P-values ≤0.05 were considered significant for all 
analyses. All statistics were performed in RStudio (Version 1.3.959, 

Abbreviations 

COVID-19 coronavirus disease 2019 
LOS length-of-stay 
NAG N-acetylglucosamine 
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RStudio, PBC, Boston, MA). 

3. Results 

Of the 50 patients enrolled in the prospective cohort study, 48 pa
tients had available follow-up data. The first treatment arm patient was 
enrolled on November 14, 2020, and recruitment was completed on 
December 12, 2020; the control arm patients arrived at the hospital 
between July 7, 2020, and November 14, 2020. The treatment group 
had median age of 63 years (range: 29–88) and was 50.0% (24/48) 
male, whereas the patients in the control arm had median age of 68 
years (range: 23–95) and was 62.0% (62/100) male. The NAG group was 
significantly younger than the control group (H-L Diff: 5.0 [95% CI: 0.0; 
10.0], p = 0.049). Time from symptom onset to admission was signifi
cantly longer in the NAG group compared to the control group (H-L Diff: 
3.0 [95% CI: 6.0; − 1.0], p = 0.008). Hypertension was less prevalent in 
the NAG group compared to the control group (OR: 0.35 [95% CI: 0.18; 
0.71], p = 0.004). Antiviral administration was more frequent in the 
NAG group compared to the control group (OR: 2.58 [95% CI: 0.88; 
7.55], p = 0.001). A full list of demographics and clinical characteristics 
upon admission are in Table 1. Outputs of normality tests are shown in 
Table S2. 

3.1. Univariate analysis of outcomes 

Initial analyses of all primary and secondary outcomes are presented 
in Table 2. The NAG group was significantly less likely to have mortality 
(12.5% vs. 28.0%, respectively; OR: 0.37 [95% CI 0.15; 0.91], p =
0.039) and poor clinical outcome (OR: 0.30 [95% CI 0.12; 0.80], p =
0.015) compared to the control group. There were no significant dif
ferences for intubation rates, hospital LOS, ICU admission, ICU LOS, 
duration of oxygen use, or hospice initiation between the NAG and 
control groups based on univariate analysis. 

3.2. Multivariate analysis of primary outcomes 

A correlation matrix showing all pairs of correlation coefficients 
between all pairs of covariates is presented in Fig. S1. Following best 
subset selection for multivariate analysis to maximize adjusted R2 

values, NAG was not shown to be a significant independent predictor of 
reduced intubation rate (OR: 0.68 [95% CI: 0.19; 2.30], p = 0.541) 
(Table 3). NAG was shown to be a significant independent predictor of 
reduced hospital LOS (β: 4.27 [95% CI: 5.67; − 2.85], p < 0.001) 
(Table 4). Finally, NAG was not a significant independent predictor of 
reduced mortality rate (OR: 0.34 [95% CI: 0.09; 1.07], p = 0.081) 
(Table 5). Summaries of the model selection process for intubation, 
hospital LOS, and mortality are shown in Figs. S2–4, respectively. 

3.3. Multivariate analysis of select secondary outcomes 

Multivariate analyses were performed for two secondary outcomes of 
interest: poor clinical outcome and ICU admission. On multiple logistic 
regression, NAG was shown to be a significant independent predictor of 
reduced poor clinical outcome rate (OR: 0.30 [95% CI: 0.09; 0.86], p =
0.034; see Table S3) and reduced ICU admissions (OR: 0.32 [95% CI: 
0.10; 0.96], p = 0.049; see Table S4). Summaries of the model selection 
process for poor clinical outcome and ICU admission are shown in 
Figs. S5 and S6, respectively. 

4. Discussion 

On multivariate analysis, this observational study indicated that 
NAG administration was a significant independent predictor of reduced 
rates of ICU admission, hospital LOS, and hospice initiation/death for 
COVID-19 patients compared to those in the control arm. NAG was not a 
significant independent predictor of mortality alone on multiple logistic 

Table 1 
Patient characteristics at baseline.  

Characteristic NAG (n = 48) Control (n =
100) 

Comparison p-value 

Age (years) 63 
(51.50–72.25) 
[29–88] 

68 
(57.25–76.75) 
[23–95] 

5.0 (0.0; 
10.0) 

0.049b 

Sex (male) 24 (50%) 62 (62%) 0.61 (0.30; 
1.23) 

0.213 

Race – – 1.17 (0.38; 
3.16) 

>0.999 

Hispanic 43 (89.6%) 88 (88%) – – 
White 5 (10.4%) 12 (12%) – – 
Time from 

symptom 
onset (days) 

11.5 (4.75–11) 
[1.42–32] 

7 (4–15.75) 
[1–59] 

− 3.0 (− 6.0; 
− 1.0) 

0.008b 

Disease severityc 4 (4–5) [3–5] 4 (4–5) [3–7] 0.0 (0.0; 
0.0) 

0.156 

Supplemental 
oxygen 

46 (91.7%) 86 (86%) 1.79 (0.56; 
5.22) 

0.425 

Bloodwork 
WBC 8.65 

(6.05–11.73) 
[1.1–20] 

10.25 
(6.725–13.50) 
[3.3–29.3] 

1.4 (− 0.1; 
3.1) 

0.070b 

HCT 39.71 ± 6.02 37.97 ± 7.93 − 1.74 
(− 4.29; 
0.82) 

0.181 

HGB 12.69 ± 1.91 12.10 ± 2.61 − 0.59 
(− 1.45; 
0.27) 

0.175 

Comorbidities 
Asthma 0 (0%) 3 (3%) <0.01 

(<0.01; 
2.40) 

0.551 

Atrial 
fibrillation 

2 (4.2%) 7 (7%) 0.58 (0.12; 
2.80) 

0.719 

Coronary artery 
disease 

6 (12.5%) 17 (17%) 0.70 (0.26; 
1.95) 

0.629 

Chronic heart 
failure 

1 (2%) 7 (7%) 0.28 (0.02; 
1.63) 

0.273 

COPD 3 (6.25%) 11 (11%) 0.54 (0.16; 
1.92) 

0.550 

ESRD 7 (14%) 9 (9%) 1.65 (0.62; 
4.56) 

0.404 

Hyperlipidemia 13 (27.1%) 36 (36%) 0.66 (0.32; 
1.42) 

0.352 

Hypertension 22 (45.8%) 71 (71%) 0.35 (0.18; 
0.71) 

0.004b 

Obesity 27 (56.25%) 40 (40%) 1.93 (0.97; 
3.96) 

0.078b 

Smoker 1 (2.1%) 1 (1%) 2.11 (0.11; 
40.36) 

0.545 

Positive chest x- 
ray 

46 (95.8%) 87 (87%) 3.44 (0.82; 
15.76) 

0.145 

Discretionary treatmentsa 

Antibiotics 43 (89.6%) 94 (94%) 0.55 (0.15; 
1.71) 

0.336 

Antivirals 13 (27.1%) 6 (6%) 2.58 (0.88; 
7.55) 

0.001b 

Corticosteroids 43 (89.6%) 78 (78%) 2.43 (0.87; 
6.20) 

0.112 

Convalescent 
plasma 

2 (4.2%) 4 (4%) 1.04 (0.19; 
4.61) 

>0.999 

Data are reported as n (%), mean ± standard deviation, or median (interquartile 
range) [range]. Effect sizes are reported as mean differences (95% CI), Hodges- 
Lehmann differences (95% CI), or odds ratios (95% CI). P-values were computed 
using unpaired t-tests (normally distributed data), Mann-Whitney U test 
(nonparametric data), or Fisher’s exact test (dichotomous data). 
COPD = Chronic obstructive pulmonary disease; ESRD = End-stage renal dis
ease; HCT = Hematocrit; HGB = Hemoglobin; WBC = White blood cell count. 

a Some patients did not receive treatments on day 1. Within the NAG group, 
one patient received antibiotics on day 5, two patients received antivirals on day 
2 and one patient received antivirals on day 3, and three patients received 
corticosteroids on day 2. All patients in the control group received medications 
starting on day 1. 

b Statistically significant. 
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regression in this study; however, its borderline p-value and significance 
on univariate analysis are suggestive that larger clinical studies may 
demonstrate a larger effect. NAG was not a significant independent 
predictor of intubation on multiple logistic regression. Based on the 
results from this study, NAG will subsequently move into a randomized 
controlled trial to continue studying its effectiveness as a therapeutic 
agent against COVID-19. 

Molecular research confirms NAG’s involvement with acute and 
chronic inflammation processes and supports multiple potential mech
anisms of action in COVID-19 patients. For example, a study by Petrović 
et al. investigating variation in immunoglobulin G glycome composition 
based on the severity of COVID-19 found a significant decrease of 
bisecting NAG in patients with severe COVID-19 [35]; these results 

potentially indicate NAG depletion following increased immunometab
olism to fight infection or inflammation. Another study by Krick et al. 
demonstrated that increased levels of O-linked β-NAG protein modifi
cation correlated with increased immune cell secretion in a pathway 
mediating chronic inflammatory airway diseases [20]. This again sug
gests that NAG is a crucial component of respiratory immune function. 

In terms of human clinical data, one meta-analysis of 15 trials by 
Vlad et al. found a summary effect size of 0.35 (95% CI: 0.14; 0.56) in 
favor of glucosamine’s effectiveness for osteoarthritis treatment [36], 
indicating that NAG mediates chronic inflammatory responses. While 
most NAG research in humans has focused on chronic inflammation, 
several animal models have confirmed NAG’s involvement in acute in
flammatory processes. In their study of O-linked β-NAG and traumatic 
hemorrhage, Nöt et al. found that increasing levels of O-linked β-NAG 
were associated with improved survival by attenuating inflammation 
within a 24-h period [21]; similarly, Hirata et al. found that during 
periods of maximal inflammation, O-linked β-NAG suppressed the acute 
inflammation response [22]. Although the precise mechanism of action 
remains as-of-yet undetermined, this cumulative basic science and 
clinical evidence supports NAG as an anti-inflammatory and adjunctive 
treatment for COVID-19. 

This is the first trial to be published assessing NAG as a therapy for 
COVID-19 –– pending an ongoing, yet-to-be-published investigation of 

c Disease severity was assessed based on the World Health Organization 
[WHO] Ordinal Scale for Clinical Improvement [28]; see Table S1. 

Table 2 
Univariate comparisons of primary and secondary outcomes between NAG 
treatment and control groups.  

Outcome NAG (n = 48) Control (n =
100) 

Comparison p- 
value 

Primary 
Intubation 8 (16.7%) 25 (25%) 0.60 (0.26; 

1.48) 
0.297 

Hospital LOS 7 (5–11.75) 
[2–31] 

7.5 (4–17) 
[0–59] 

0.0 (− 1.0; 3.0) 0.643 

Mortality 6 (12.5%) 28 (28%) 0.37 (0.15; 
0.91) 

0.039b 

Secondary 
ICU admission 11 (22.9%) 36 (36%) 0.53 (0.25; 

1.19) 
0.133 

ICU LOSc 2.5 
(0.75–14.75) 

9.0 
(2.25–21.5) 

4.0 (− 1.0; 
12.0) 

0.092 

Duration of 
oxygen use 
(days)a 

7.0 (5–12) 
[2–31] 

7.0 (3–15) 
[1–53] 

0.0 (− 2.0; 2.0) 0.834 

Hospice 
initiationd 

0 (0%) 4 (5.6%) <0.00 (<0.00; 
1.52) 

0.149 

Poor clinical 
outcome 

6 (12.5%) 32 (32%) 0.30 (0.12; 
0.80) 

0.015b 

Data are reported as n (%) or median (IQR) [range]. Effect sizes are reported as 
Hodges-Lehmann differences (95% CI) or odds ratios (95% CI). P-values were 
computed using the Mann-Whitney U test or Fisher’s exact test. 
ICU = Intensive care unit; LOS = Length-of-stay. 

a The comparison of duration of oxygen use only includes recorded observa
tions from patients that required oxygen support; NAG: n = 46, Control: n = 86. 

b Statistically significant. 
c The comparison of ICU length-of-stay only includes recorded observations 

from patients admitted to the ICU; NAG: n = 10, Control: n = 36. 
d The hospice initiation population excludes patients that died; NAG: n = 42, 

Control: n = 72. 

Table 3 
Multivariate logistic regression, regressing background characteristics and 
comorbidities against intubation rates.  

Variable OR 95% CI p-value 

(intercept) <0.01 <0.01; 0.001 <0.001 
NAG (ref = control) 0.68 0.19; 2.30 0.541 
Time from symptom onset 1.09 1.04; 1.15 <0.001 
WBC 1.06 0.96; 1.17 0.257 
HLD 3.20 1.09; 10.05 0.038 
ESRD 7.48 1.72; 35.31 0.008 
Severity 6.59 2.55; 20.83 0.001 
SUMMARY ROC Adjusted pseudo-R2 p-value 

0.903 0.529 <0.001 

CI = Confidence Interval; ESRD = End-stage renal disease; HLD = Hyperlipid
emia; OR = Odds Ratio; ROC = Area under the receiver operating characteristic 
curve; WBC = White blood cell count. 

Table 4 
Multivariate linear regression, regressing background characteristics and 
comorbidities against hospital length-of-stay.  

Variable β-coefficient 95% CI p-value 

(intercept) 0.27 − 4.85; 5.39 0.918 
NAG (ref = control) − 4.27 − 5.67; − 2.87 <0.001 
Time from symptom onset 0.92 0.85; 0.98 <0.001 
HCT − 0.08 − 0.17; 0.02 0.108 
COPD − 1.44 − 3.47; 0.58 0.161 
HLD − 0.86 − 2.18; 0.46 0.198 
Obesity 0.87 − 0.47; 2.21 0.203 
ESRD 2.54 0.51; 4.57 0.015 
Severity 0.70 − 0.24; 1.64 0.145 
Antibiotics 2.44 − 0.10; 4.98 0.059 
Antivirals 2.34 0.47; 4.21 0.015 
Steroids − 1.91 − 3.68; − 0.14 0.034 
SUMMARY RMSE Adjusted R2 p-value 

0.903 0.870 <0.001 

CI = Confidence Interval; COPD = Chronic obstructive pulmonary disease; 
ESRD = End-stage renal disease; HCT = Hematocrit; HLD = Hyperlipidemia; 
RMSE = Root mean square error; WBC = White blood cell count. 

Table 5 
Multivariate logistic regression, regressing background characteristics and 
comorbidities against mortality.  

Variable OR 95% CI p-value 

(intercept) <0.01 <0.01; 0.003 <0.001 
NAG (ref = control) 0.34 0.09; 1.07 0.081 
Age 1.05 1.01; 1.09 0.035 
White (ref = Hispanic) 0.42 0.08; 1.76 0.264 
Time from symptom onset 1.03 0.99; 1.08 0.146 
CAD 2.13 0.61; 7.54 0.235 
CHF 4.54 0.59; 33.39 0.132 
COPD 2.89 0.56; 14.22 0.188 
ESRD 7.11 1.77; 30.64 0.006 
Severity 4.51 1.91; 12.33 0.001 
Antibiotics 0.18 0.02; 2.59 0.174 
Steroids 2.74 0.61; 18.72 0.231 
SUMMARY ROC Adjusted pseudo-R2 p-value 

0.875 0.444 <0.001 

CAD = Coronary artery disease; CHF = Congestive heart failure; CI = Confidence 
interval; COPD = Chronic obstructive pulmonary disease; ESRD = End-stage 
renal disease; OR = Odds Ratio; ROC = Area under the receiver operating 
characteristic curve. 
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NAG at the University of California, Irvine [37] –– but there has been 
previous interest in NAG’s therapeutic potential in related disease states, 
as evidenced by a patent pending for analogs of NAG (including 
D-galactosamine and ranimustine) for the treatment of “low levels of 
branched N-glycans in a subject in need thereof” [38]. This study also 
broadly represents the scientific community’s growing interest in 
nutraceuticals as potential COVID-19 treatments [39–41]. Some re
searchers have postulated that a similar nutraceutical, N-acetylcysteine 
(NAC), may have protective effects against COVID-19 complications due 
to its efficacy for other influenza viruses [42,43]. Additional trials will 
shed light on the efficacy of NAG and other nutraceuticals for use as 
first-line or adjuvant therapies for COVID-19. 

Meanwhile, there are many therapies that have been explored and 
used to treat COVID-19. These therapies include corticosteroids such as 
methylprednisolone and dexamethasone [2]; antiviral agents such as 
lopinavir/ritonavir [4], remdesivir [5], and oseltamivir [6]; immuno
modulatory drugs like chloroquine and hydroxychloroquine [7]; sero
therapy with antibodies taken from recovered individuals [8]; 
anticoagulants such as enoxaparin [9]; and inflammatory inhibitors 
such as tocilizumab, sarilumab [10], and anakinra [11]; yet none of 
these treatments have drastically reduced the threat of COVID-19. Even 
with vaccines now in the nascent stages of distribution, there will be 
challenges and uncertainties ahead before herd immunity may be ach
ieved [44,45], including low uptake among the general population and 
healthcare workers alike [46–48]. Therefore, it is of utmost importance 
to continue searching for therapies that may improve COVID-19 
prognosis. 

4.1. Limitations 

The conclusions that can be drawn from this study are limited by 
several aspects the study design, including its relatively small number of 
participants, lack of randomization, use of a retrospective control arm, 
and the temporality of consecutive patients. These limitations were 
considered necessary costs in order to rapidly provide information 
during the COVID-19 pandemic; the authors hope to account for these 
limitations and provide more robust analysis in a subsequent random
ized controlled trial. The treatment and control arm patients were 
admitted to the study during different stages of the pandemic (July 
2020–November 2020 for control, November 2020–December 2020 for 
treatment) so it is possible this introduced bias into the study; fortu
nately, the institution where the study was taking place was never 
inundated with COVID-19 cases, so level of care was not affected and 
mortality was not due to insufficient beds or hospital personnel in any 
case. Taking place at a single center also reduces the generalizability of 
this study. 

Patients received concomitant standard-of-care therapies according 
to the discretion of the treating physician, so it is difficult to determine 
whether patient improvement was due to NAG administration, discre
tionary therapies, or other factors. Of note, those who received NAG 
were younger, less likely to have hypertension, and more likely to be 
administered antivirals, which likely benefitted these patients and 
contributed to positive outcomes; however, they also were more likely to 
be obese and had a significantly longer time from symptom onset to 
admission, which potentially did not benefit NAG patients. With mul
tiple confounding variables at play, it is unclear how these may have 
impacted results, so conclusions that may be drawn are limited. 

Our comparative analysis of mortality rates was also underpowered, 
achieving statistical power of only 55% on a post-hoc analysis assuming 
an exact binomial interval. To achieve at least 80% power, both the NAG 
group and control group would need sample sizes of at least 114 patients 
– assuming the same observed proportions of mortality between groups, 
1:1 allocation ratio, type I error probability of 0.05, and no sample 
attrition (Fig. S7). A comparative effectiveness randomized controlled 
trial with matched study arms, with the specifications described above, 
is needed to further investigate the effect of NAG in COVID-19 patients. 

5. Conclusions 

NAG shows promise as a first-line treatment against COVID-19 and, 
when administered orally in 700 mg doses every 12 h, was associated 
with reduced hospital LOS, ICU admission rates, and death/hospice 
rates in adults compared to standard care alone. An additional study 
with a larger set of patients is warranted to evaluate the effect of NAG in 
COVID-19 patients. 
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