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ABSTRACT

Objectives: To describe the clinical outcomes of hypoxic coronavirus disease 2019 (COVID-19) patients treated with intravenous methylene
blue (MB) in a tertiary care hospital.

Materials and methods: We conducted a case series of 50 patients with hypoxic COVID-19 treated with intravenous MB admitted to our hospital
between June 01 and September 10, 2020. Intravenous MB was administered as rescue therapy in dosage of 1 mg/kg body weight, with a
maximum of five doses, to patients with high oxygen requirements (SpO,/FiO, <200) apart from the standard of care after obtaining G6PD
levels. Data were abstracted from multiple electronic data sources or patient charts to provide information on patient characteristics, clinical
and laboratory variables and outcomes.

Results: The median age of the patients was 53.3 (range 25-74 years) and most patients (74%) were men. About 68% of patients had pre-existing
comorbidity. Median SpO,/FiO, ratio progressively improved from 132.5 (predose) to 284 before the terminal event (death or discharge),
ventilator-free days, and decrease in the proinflammatory biochemical parameter was significantly higher after the second dose of MB. A total
of six patients out of 50 required invasive mechanical ventilation (IMV). Thirty patients were discharged with a recovery rate of 60%, while 20
patients succumbed to the illness. There was no major side effect or adverse event reported in any of the patients.

Conclusion: MB due to its polypharmacological action against SARS-CoV-2, an inexpensive and widely available drug with minimal side effects,

has a significant potential in the treatment of COVID-19.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by the severe acute
respiratory syndrome-coronavirus 2 (SARS-CoV-2) has severely
impacted healthcare systems all over the world. Though the exact
pathogenesis of SARS-CoV-2 is unknown, various hypotheses have
proposed cytokine storm or hyperinflammatory syndrome as
probable causes for the rapid worsening of the disease.! Various
drugs have been repurposed for treatment in the absence of definitive
therapy with emphasis on the provision of supportive care including
oxygenation, ventilator support, and other critical care life supports.*

The first COVID positive patient admitted at our hospital was
on March 22,2020, and to date, around 1,200 moderately to severe
hypoxic COVID patients have been managed at our ICU. In view of
resource-limited setting, rationing of available medical resources
and constant modification of treating protocols keeping the
patient safety were done to keep up with the pace of increased
patient load.

Methylene blue (MB) or Bis (dimethylamino) phenazathionium
chloride trihydrate, an organic dye, has been used extensivelyinan
array of clinical conditions for the past two centuries. Few clinical
conditions where the role of MB has been documented include
treatment of malaria, refractory septic shock, catecholamine
refractory vasoplegia, methemoglobinemia, and therapeutic
benefitin hypoxia caused due to pulmonary vasodilation in patients
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of hepatopulmonary syndrome due to inhibition of guanylate
cyclase and nitric oxide synthetase.>”

Various theories have been postulated highlighting the benefits
of administering MB as a salvage therapy among COVID-19 patients
for its antiviral, anti-inflammatory, and antioxidant properties
and have been proposed as a rescue therapy for improving the
refractory hypoxia in COVID-19 patients.'®" Till date, no clinical
trials have been conducted evaluating the clinical effects of MB
among COVID-19 patients.
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Henry et al."? proposed that MB could be of considerable
help in the management of COVID-19 based on a survey of
2,500 French patients, treated with a combination of a-lipoic
acid, hydroxycitrate, and MB as part of cancer care, in whom nil
infections of the virus were reported. Also, MB in presence of
light has broad-spectrum virucidal activity and has been used
to inactivate viruses in blood products prior to transfusions.'
Recently, Cagno et al." documented in vitro antiviral properties
of MB at low micromolar concentrations when incubated with
Vero E6 cells and SARS-CoV-2 for 20 hours in the dark. Damir
Bojadzic et al.”” proposed that MB inhibits the viral attachment
and entry of SARS-CoV-2 by blocking the protein-protein
interaction (PPI) of its spike protein with ACE2 on the host cell
which is the first critical step initiating the viral entry. They
suggested that this antiviral activity could be useful in the
prevention and treatment of COVID-19 either as an oral or
inhaled medication.

A phase one clinical trial documented a positive response in four
out of five severely ill COVID-19 patients who were administered
MB as a part of a three-drug regimen comprising of MB, vitamin C,
and N-acetyl cysteine.'s

In this study, we present a case series of 50 moderate to
severe hypoxic COVID-19 patients who were administered
intravenous MB as a rescue therapy at the discretion of the
treating physician in addition to the standard of care treatment.
Apart from the proposed above-mentioned clinical benefits,
excellent safety profile, easy availability, low cost and minimal
interactions with other drugs were factors considered for
treatment with MB.

MATERIALS AND METHODS

Study Overview

The study was conducted by the Department of Critical Care
Medicine in a tertiary care hospital located in Pune, India. The study
was approved by the Institutional Ethics Committee and owing
to the retrospective nature of the study, and waiver of informed
consent was obtained.

Criteria for Patient Selection

Based on the clinical information available about MB at that time,
the treating physicians preagreed upon the following inclusion
and exclusion criteria.

Inclusion Criteria

« Confirmed case of COVID-19 (by RT-PCR, antigen)
« Admission to intensive care unit
+ Pa0,/FiO, <200 or SpO,/FiO, <200

Exclusion Criteria

«  Pregnancy and breastfeeding

« History of G6PDH deficiency

+ Severe renal insufficiency (glomerular filtration rate <30 mL/
minute/1.73 m?)

«  Severe hepatic disease defined by SGOT or SGPT levels three
times above the normal upper limit

« Patients with a history of allergic reaction or significant
sensitivity to MB
Owing to the huge deluge of patients and with limited

resources, PaO,/FiO, ratio of all patients could not be calculated and
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SpO,/FiO, ratio was used as a substitute to monitor the patients.
SpO,/FiO, ratio has been validated in various clinical settings as an
alternate to PaO,/FiO, ratio."” "

Standard of care, such as antivirals, steroids, and anticoagulants,
was administered apart from oxygen supplementation by nasal
cannula, nonrebreather mask (NRBM), high flow nasal cannula
(HFNCQ), or noninvasive ventilation (NIV) as per the hospital protocol
and discretion of the treating physician. Invasive mechanical
ventilation was initiated based on the clinical assessment and
SpO,/ FiO, of the patients.

Intravenous MB was administered as rescue therapy in dosage
of 1 mg/kg body weight to critically Il patients admitted to ICU
with high oxygen requirements (SpO,/FiO, <200) and those who
met the inclusion criteria apart from the standard of care after
obtaining G6PD levels. A maximum of five doses of MB was given
as per the clinical improvement, side effects, and discretion of
treating physicians.

Data Source

Data were collected between June 01 and September 10, 2020,
and the clinical outcomes were monitored till October 30, 2020.
Demographics, clinical, and laboratory data on admission
and the subsequent trends, mode of respiratory support
(invasive mechanical ventilation, noninvasive mechanical
ventilation, and oxygen mask), fraction of inspired oxygen (FiO,),
SpO,/FiO, ratio and treatment administered were collected
from the electronic medical records. The collected data were
analyzed and interpreted by two independent intensivists. The
clinical team provided clarification on missing or redundant
data.

Data Analysis

Data were analyzed using descriptive statistics. Pair-wise
statistical comparisons of normally distributed continuous
variables were done using repeated measures analysis of
variance or non-normally distributed continuous variables the
Pair-wise statistical comparisons were done using Wilcoxon'’s
signed-rank test. The underlying normality assumption was
tested before subjecting study variables to RMANOVA. In the
entire study, the p-values less than 0.05 were considered to be
statistically significant. The entire data were statistically analyzed
using Statistical Package for Social Sciences (SPSS ver 22.0, IBM
Corporation, USA) for MS Windows.

StubpYy OuTCOMES

Results

A total of 50 patients were included in the study. The age of the
patients ranged from 25 to 74 years (mean 53.3 + 12.2 years;
Table 1). The majority of patients were male (74%). Pre-existing
comorbidities were reported in 68% of patients with diabetes
(14%), hypertension (16%), 30% of patients reported having
both diabetes and hypertension, and 8% of patients other
comorbidities.

Patients with SpO,/FiO, <200 were included in the study, the
lowest ratio was 84 and the highest was 196 (mean 132.5, SD 33.3).
Eighty-two percentage patients were on HFNC, 8% on NRBM, 10%
on NIV prior to starting of MB (Table 4).

Distribution of Mean SpO,/FiO, Ratio Prior and Post-MB
Administration.
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Median SpO,/FiO, ratio improved from 132.5 (predose) to
189.3 after administration of third or higher doses of MB with a
mean ratio of 284 documented before the terminal event (death
or discharge). The distribution of the mean SpO,/FiO, ratio
post-MB administration was significantly higher compared to
mean SpO,/ FiO, ratio prior to MB administration (p-value <0.001)
(Figs 1 and 2, Tables 2,3,5).

+ Dose 1 of MB: Mean duration of ventilator-free days did
not differ significantly between the two group of cases with
SpO,/FiO, less than or more than 200 (p >0.05).

- Dose 2 of MB: Mean duration of ventilator-free days was
significantly higher in group of cases with SpO,/FiO, >200,
compared to cases with SpO,/FiO, <200 (p <0.05).

+ Dose 3 of MB: Mean duration of ventilator-free days did
not differ significantly between the two group of cases with
SpO,/ FiO, less than or more than 200 (p-value >0.05).

- Before terminal event: Mean duration of ventilator-free days
was significantly higher in group of cases with SpO,/FiO, more
than 200 compared to group of cases with SpO,/FiO, less than
200 (p-value <0.05).

Six out of 50 patients required Invasive mechanical ventilation
during the period of study.

A significant decrease in the proinflammatory biochemical
parameter (CRP) was noticed post-MB administration.

No significant improvement in absolute lymphocyte count
(ALC) was observed post-MB administration.

Thirty patients were discharged with a recovery rate of 60.
The average total length of stay during hospitalization was
14.24 + 415 days.

No patient was lost to follow up and there were no major side
effects or adverse events reported in any of the 50 patients, except
for temporary bluish discoloration of urine.
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Fig. 1: Distribution of mean SpO,/FiO, ratio prior and post-MB
administration

Table 1: Distribution of demographic characteristics of cases studied 60
No. ofcases % of cases
Age group <40 7 14.0 50
(years)
40-49 1 22.0 40+
50-59 15 30.0
60-69 10 20.0 307
>70 7 14.0
20
Mean + SD 533+122
Sex Male 37 74.0 10+
Female 13 26.0
Comorbidity Absent 16 320 -
Diabetes mellitus 7 14.0 1st MB dose 2nd dose 3rd MB dose
Hypertension 8 16.0 Pts requiring IMV i Total i Total
Diabetes mellitus 15 30.0
+ hypertension Fig. 2: Distribution of requirement of IMV vs dosage of MB
Other 4 8.0
Table 2: Distribution of mean SpO,/FiO, ratio prior and post-MB administration
Priortofirst ~ Post-first ~ Post-second  Post-third Before the terminal event
SpO,/FiO,ratio  dose of MB dose dose dose (death or discharge) p value
n 50 50 49 31 50
Mean 1325 156.9 1714 189.3 284.1 0.001™
SD 333 47.9 53.9 63.1 159.0
p value by repeated measures ANOVA (RMANOVA); p-value <0.05 is considered to be statistically significant.
***p-value <0.001
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Table 3: Distribution of mean SpO,/FiO, ratio vs ventilator-free days

Ventilator-free days

Characteristics n Mean  SD p value
SpO,/FiO, (Afterdose 1) <200 42 242 62 0353
n=>50 >200 8 260 27
SpO,/FiO, (Afterdose2) <200 36 234 66 0041
n=50 >200 14 268 23
SpO,/FiO, (Afterdose3) <200 17 229 7.6  0.265™
n=231

>200 14 256 56
SpO,/FiO, (terminal <200 20 220 48  0.007"
event) >200 30 262 57

p value by Wilcoxon’s signed-rank test; p-value <0.05 is considered to be
statistically significant, ***p-value <0.001; NS, statistically non significant

Table 4: Requirement of invasive mechanical ventilation among patients
given MB

Priorto MB  Afterdose 1 Afterdose2  After dose 3
HFENO 41 43 39 25
NIV 5 3 2 3
NRBM 4 2 6 2
IMV 0 2 3 1
IMV ratio 2/50 3/48 1/31
IMV (%) 4 6.25 3.22

Table 5: Distribution of median CRP and ALC prior and post-MB
administration

Parameter Prior to MB Post-MB p value

CRP Median 106.6 22.7 0.001™
Min-max  13.69-325.70  2.80-275.77

ALC Median 820.0 880.0 0.079"s
Min-max  80-1,850 80-4,220

p value by Wilcoxon'’s signed-rank test; p-value <0.05 is considered to be
statistically significant; ***p-value <0.001; NS, statistically non-significant

Discussion

This case series would be to our knowledge the first study in India
that presents data of hypoxic COVID-19 patients treated with
intravenous MB. During the review of the literature, we could not
find any data or clinical trials pertaining to the administration of
intravenous MB for the treatment of COVID-19 patients.

The rapid surge in the number of patients infected with COVID
and the high caseload on the hospitals have led medical researchers
toidentify new drugs that could help treat patients with COVID- 19.
Various drugs with known safety profiles, easy availability, and
effectiveness in managing complications have been studied. MB
an organic dye has been used extensively in an array of clinical
conditions for the past two centuries and has been proposed as a
rescue therapy for improving the refractory hypoxia in COVID-19
patients. Various theories have been postulated highlighting the
benefits of administering MB as a salvage therapy among COVID- 19
patients including antiviral, anti-inflammatory, and antioxidant
properties.?°

MB in presence of light has broad-spectrum virucidal activity
and has been used to inactivate viruses in blood products prior to
transfusions.”® Recently, Cagno et al."* documented in vitro antiviral
properties of MB at low micromolar concentrations when incubated
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with Vero E6 cells and SARS-CoV-2 for 20 hours in the dark. Bojadzic
etal.”” proposed that MB inhibits the viral attachment and entry of
SARS-CoV-2 by blocking the PPI of its spike protein with ACE2 on
the host cell which is the first critical step initiating the viral entry.
They suggested that this antiviral activity could be useful in the
prevention and treatment of COVID-19 either as an oral or inhaled
medication. Gendrot et al.2! demonstrated that nonphoto-activated
MB showed high in vitro antiviral effective activity against SARS-
CoV-2 with an inhibitory concentration (IC) IC50 (0.3 pM) and 1C90
(0.75 pM) compatible with oral uptake and IV administration. This
in vitro activity was higher than those obtained with drugs such as
hydroxychloroquine (1.5 pM), azithromycin (20.1 pM), remdesivir
(23 pM), lopinavir (26.6 pM), or ritonavir (>100 pM). Barber et al.
and Vardhana et al. reported that MB by blocking the downstream
cosignaling PPIs of the cytotoxic T lymphocytes, restores their
cytotoxicity, activation, proliferation, and cytokine secreting activity
thereby restoring T cell homeostasis and function, which in turn
improves viral clearance.?*

Henry et al.”? proposed that MB could be of considerable help
in the management of COVID-19 based on a survey of 2,500 French
patients treated with a combination of a-lipoic acid, hydroxycitrate,
and MB as part of cancer care in whom nil infections of the virus
were reported. They proposed that upon absorption, MB undergoes
one-electron reduction and becomes a neutral lipophilic MB radical.
This radical acts as a weak base (pKa ~9) which could cause transient
alkalization of cytosolic spaces. As acidic media (PH <5) is mandatory
for endosome maturation and function, this alkalization could
inhibit endosome maturation at intermediate stages of endocytosis
resulting in failure of further import of virions into the cytosol.
These antiviral properties of MB could be used as a treatment in
COVID patients. Ghahestani et al."” described the pivotal role of the
Kininogen system in the pathogenesis of SARS-CoV-2 and suggested
the hypothetical potential of MB being an inhibitor of NO synthetase
could abort effects of bradykinin and could be used in the treatment
of SARS-CoV-2 to improve oxygen saturation.

MBis generally safe, but dose-dependent toxicity with nausea,
vomiting, hemolysis, and other undesired side effects at doses
>7 mg/kg (i.e., >500 mg) is known.5’

At our center, intravenous MB was administered as per the
discretion of the treating physician in patients who had SpO,/ FiO,
ratio <200 and was refractory to the best of supportive care being
provided. Dosage was restricted to a maximum of 5 mg/kg of
intravenous MB in a divided dose. No major adverse events were
documented in any of the fifty patients who were administered
intravenous MB except for temporary bluish discoloration of urine.

There was a significant improvement in the SpO,/FiO,
ratios progressively after the second dose of IV MB and it was
statistically significant at the terminal event (death or discharge).
The distribution of mean SpO,/FiO, ratio post-MB administration
was higher compared to the ratio prior to MB administration. We
also noted that the mean duration of ventilator-free days was
significantly higher in group with SpO,/FiO, >200 compared
to the group with SpO,/FiO, <200 before the terminal event.
Progression from noninvasive to IMV was seen in 6 patients out
of 50. A significant reduction in the proinflammatory biochemical
parameter (CRP) was noticed post-MB dosage.

Limitations

We acknowledge the limitations of our study. First, this was a case
series carried out in a single center with all its inherited biases.
Second, the data were collected from electronic medical health
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record database, thereby precluding detailed information about
the patient’s demographics and baseline medications. Third, the
nonuniformity in the selection of the study subjects due to the
participants’ inclusion criteria as well as by the studies design,
limited investigations were conducted due to cost constraints,
high heterogeneity observed in the number of doses as well as the
timing of administration of the drug making the data redundant
for comparative analysis.

Implications for Future Research

Larger trials with a more robust study design, randomized control
trials comparing IV MB with a standard of care in regards to
important clinical outcome variables.

CONCLUSION

MB due to its polypharmacology in the action against SARS-CoV-2,
being an inexpensive and widely available drug potentially has a
significant role in the treatment of COVID-19.
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