
European Journal of Respiratory Medicine

449Eur J Respir Med 2025, 7:1

European Journal of Respiratory Medicine 
  2025; 7(1): 449- 459. doi: 10.31488/EJRM.152

Research article

Carlos A. Riveros, Angela Olier Pino, Geoffrey Ling, Miguel Mantilla, Lina F Reyes, Claudia Tejera, 
Nicole Draghic     

*Corresponding author: Angela Olier Pino; Email: angelaopinoi@gmail.com

 Received: January 10, 2025; Accepted: January 27, 2025; Published: January 29, 2025

Nebulized Ivermectin to Reduce Active Viral Replication in Patients with Mild 
to Moderate Covid-19: A Double-Blind, Randomized, Placebo-Controlled Trial

Since March 2020, the coronavirus pandemic (COVID-19) 
encouraged the scientific community to introduce multiple phar-
macological and non-pharmacological interventions to prevent 
the global spread of the severe acute respiratory syndrome coro-
navirus (SARS-CoV-2). The mRNA and vector- based vaccines 
are of particular importance among all interventions. Vaccine 
efficacy has been validated in real-world studies, to reduce mor-
tality and disease severity [39,40,41] but, still could be a need of 
more medications able to reduce viral replication in sick people 
and prevention of transmission [1,2] especially with new vari-
ants on the rise [3].

Most of community infections with SARS-CoV-2 occurs in 
the initial days when the virus is in its active replication phase 
[3,4]. Scientific evidence shows that there is no difference in 
the virus RT-PCR titters in the nasopharynx and upper respira-
tory tracts in the early infection days among infected patients 
[8]. Consequently, the use of anti-viral drugs among all affected 
individuals, that can arrest viral replication in the early stages 
would be a reasonable way to effectively reduce transmission in 
the community.

Since subgenomic mRNA is an intermediate product to syn-
thesize and assemble crucial antigenic structural viral proteins 
like the spike and nucleocapsid, during the replication, this 
(subgenomic mRNA), could be a potential biomarker to con-
sider to quantify viral replication [4]. Under this concept, de-
termining the amount of sub-genomic mRNA specific to these 
antigenic proteins can potentially be explored as a sensitive test 
to assess the real time active viral replication of a patient af-
fected with SARS-CoV-2, even though genomic RNA detection 
through RT-PCR remains the gold standard assay to detect an 
infected patient [5-7].

Given the public health emergency during the COVID-19 

pandemic, and the risk of new ones to appear, one of the foci has 
been to repurpose existing drugs to assess their antiviral prop-
erties, considering the time and costs associated with research 
and development of innovative drugs. One such repurposed 
drug candidate is Ivermectin. It is approved by the US Food & 
Drug Administration (US FDA) to be used traditionally as an 
anti-parasitic medication, but it has been shown to inhibit viral 
replication in in-vitro models [1-9]. Ivermectin has been shown 
to reduce the SARS-CoV-2 viral load to almost zero within 48 
hours in Vero Cell cultures. (1) Moreover, anti-viral efficacy of 
Ivermectin has been evidenced in in-vitro studies to inhibit the 
replication of other viruses like the Yellow fever, the Human Im-
munodeficiency Virus (HIV) and Dengue virus, in in-vitro stud-
ies [10]. Additionally, it has also been studied to limit infection 
caused by the West Nile Virus, Influenza Virus and the Venezue-
lan equine encephalitis virus [11].

However, there have been ambiguous results when Ivermectin 
used has been used orally to reduce hospitalization and disease 
severity in patients with mild to moderate COVID-19. Some tri-
als have tested oral Ivermectin in patients with mild to moderate 
COVID-19 [1,9,12-15]. that failed to demonstrate to reduce hos-
pitalizations or adverse outcomes

Important studies have shown that the minimum inhibitory 
concentration for Ivermectin cannot be achieved without using 
oral doses as high as 100X the recommended dosing for humans, 
[1,16]. Severe inflammation in the lungs owing to conditions like 
severe COVID-19 have been shown to further reduce their pul-
monary bioavailability making oral doses of Ivermectin less effi-
cient when administered orally. Its dose-limiting adverse effects 
in patients with severe disease, especially neurotoxicity and pos-
sible adverse reactions when co-administered with other drugs 
like CYP3A4 inhibitors, also make oral    Ivermectin a less pre-
ferred candidate to reduce viral replication in the respiratory tract 
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and community spread [16]. Orally administered Ivermectin has 
not shown to be effective to treat or prevent COVID19 [42-45].

The strong anti-viral potential of Ivermectin called our atten-
tion to explore a different formulation that allows a more local-
ized spread for the drug to increase its efficacy against SARS-
CoV-2 given the ambiguity concerning the pharmacokinetics and 
bioavailability of oral Ivermectin [16-18].

Previous trials have highlighted the use of Ivermectin using 
different methods of administration, namely nasal sprays [19], in-
haled [20] and nebulized formulations. Specifically, the nebulized 
formulations have been studied for their safety and efficacy in 
animal models [21]. Inhaled and nebulized formulations of Iver-
mectin has shown some results in reducing viral replication, with 
mild adverse effects and better pharmacokinetics in this setting 
[19-21].

Considering the safety and novelty of nebulized Ivermectin 
in mind, we conducted a double-blind, randomized study with 
nebulized 1% Ivermectin mix with 0.3% Dexamethasone in a 
dilution rate of 10:1, to patients with mild-to-moderate SARS-  
CoV-2 infection, a first-of-its-kind human study to demonstrate a 
reduction in the viral replication

Materials and Methods

Study design and participants

This randomized, double-blind, placebo-controlled study was 
conducted between April 3, 2021, to July 8, 2021, by the CI-
MEDICAL Research Center in Barranquilla, Colombia. The par-
ticipants were identified from the community as adults who tested 
positive for SARS-CoV-2 results from RT-PCR tests conducted 
on nasopharyngeal swab samples at multiple outpatient sites as 
per information provided by the city IMO clinical laboratory or-
ganization Barranquilla, these persons were invited to participate 
in the study.

Of those identified patients, we applied the following the study 
design inclusion criteria, individuals that were above 18 years of 
age at the time of recruitment and diagnosed with mild to mod-
erate SARS-CoV-2 (COVID19) symptomatic or asymptomatic; 
Oxygen Saturation (Sat O2) at rest > 94% in ambient air, without 
desaturation with ambulation, and a Respiratory Rate (RR) < 20 
per minute.

  Exclusion criteria applied as follows: less than 18 years of 
age, decompensated conditions including Diabetes Mellitus 
(DM), any cardiovascular complication like Acute Heart Disease 
(AHD), Congestive Heart Failure (CHF), coronary artery disease 
(CHD), any chronic pulmonary condition like Chronic Obstruc-
tive Pulmonary Disease (COPD), chronic kidney disease (CKD), 
cancer, any form of immunosuppression, and a history of clinical 
depression or personality disorders; if they had an RR > 20/min, 
Pulse > 120 bpm, systolic blood pressure < 90 mmHg, pulmo-
nary arterial (PA) diastolic pressure < 60 mmHg, those appearing 
toxic and distressed, having Sat O2 at rest <93% in ambient air, 
or desaturation when walking. The study also excluded patients 
diagnosed with severe SARS-CoV-2 (COVID-19), patients wait-
ing for admission to the ICU, especially those with asthma, a 
probability of invasive mechanical ventilation and those needing 
bronchodilator treatment.

Randomization and Testing

  Recruited patients were assigned to one of two possible arms, 
following a strict sequence of inclusion: Group 1 Received neb-
ulized Ivermectin plus Dexamethasone while Group 2 received 
a placebo (SSN 0.9%). All patient groups were monitored daily 
by telemedicine. Patients in Groups 1 and 2 underwent nasopha-
ryngeal sampling and RT-PCR & mRNA at day 1, 3, 5, and 7 
following treatment interventions.

 15 days post intervention, a physical consultation or a remote, 
telemedicine visit was conducted to follow-up with the patient’s 
health condition.

Nebulization of Ivermectin Plus Dexamethasone

  Patients who were randomly assigned to group 1 received a 
nebulized 3.3ml dose, 3 times a day for 5 days through a Pacifica 
Elite Nebulizer with a flow of 8Lpm under a maximum pressure 
of 35 PSI. A method piston compressor was used to emit the neb-
ulized particles ranging from 0.5-5µ, to reach the upper and lower 
airways.  The objective was to reach the upper and lower airways 
surface where the initial phase of the infection takes place, not the 
lung tissue itself.

  Every 3.3ml of nebulized medication contains 30mg of Iv-
ermectin. About 60% of nebulized medications are lost or not 
inhaled. Hence, in this case only 12mg (40%) of Ivermectin will 
effectively reach the airways. Considering the approximate dead 
space in the lungs to be 150cc, the concentration of Ivermectin 
delivered to the lungs would be 0.08mg/cc (80,000 ng/mL).  Con-
sidering previous in vitro research mouse models, the IC50 was 
found to be (2-2.5µM) ~ 1750 ng/mL, which was enough to re-
duce viral SARS-CoV-2 RNA load by ~5000 fold [11,22,23].

RT-PCR Testing and Sub-Genomic mRNA Analysis

  The nasopharyngeal samples from each patient were analysed 
no more than three days after the appearance of symptoms, if any. 
They were stored at 2-8°C within 6h of extraction as per standard 
protocol mentioned previously, [21] in 50µl of eluate, then stored 
at -20°C for no more than 12h before PCR-based analysis. All 
samples then were then stored at -70°C and finally discharged 
as per protocol of INS (Colombian National Institute of Health), 
by controlled incineration. The samples then underwent RT-PCR 
(TIB MolBiol/Cobas z480, Roche/F. Hoffmann-La Roche AG, 
Basel, Switzerland) for analysis of genomic RNA detecting genes 
encoding the envelope (E), nucleocapsid ( N) , and RdRp in a 
monoplex scheme for each target.

  RNA was extracted from the chosen samples from both 
groups, using the VN143 Viral RNA Mini Kit (Genolution, South 
Korea) using a standard protocol, as directed by the manufactur-
ers [24]. The purified RNA was reverse transcribed using Super-
script II (Thermo Fisher Scientific, Massachusetts, USA) and a 
SARS-CoV-2 specific primer (WHSA-29950R: 5′-TCTCCTA-
AGAAGCTATTAAAAT-3 ′). The complementary DNA obtained 
was subjected to qPCR (40 cycles at 94°C for 30s, 56°C for 30s, 
and 72°C for 1.5 min; optimized to amplify small sub-genom-
ic mRNA) and hot-start PCR using AmpliTaq Gold DNA Poly-
merase (ThermoFisher Scientific) with FAM WHSA-00025F: 
5′- CCAACCAACTTTCGATCTCTTGTA-3′	BHQ1 and FAM	
WHSA-29925R:	 5′-ATGGGGATAGCACTACTAAAATTA-3′ 
BHQ1 as primers, as described previously [5]. The genes under 
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observation in both cases were the RNA-dependent RNA Poly-
merase (RdRp), envelope (E) and Nucleocapsid (N) genes. An 
internal control probe read in the VIC channel for the RNAase 
P (RdRp) gene (human) was included as quality control of the 
sample and the extraction process (with a tolerance limit Ct35).

Ethics and regulatory compliance

  All participants gave their written consent before commenc-
ing this study. This randomized, double- blind, placebo-con-
trolled study was approved by the Research Ethics Committee 
of Clinica de la Costa LTDA and Invima (Colombian Regulatory 
Agency). The study was conducted keeping in mind all neces-
sary Good Clinical Practice Guidelines and in accordance with 
the tenets of the Declaration of Helsinki.

Statistical analysis

  All data were analysed using SPSS (SPSS Inc., Delaware 
/IBM, New York, USA). Quantitative variables were analysed 
using frequency and Inter-quartile range (IQR).Then a Kolmog-
orov-Smirnov Test was used to asses normality of the distribu-
tion. Parametric testing was preformed when a normal distribu-
tion was reported, and non-parametric testing was done in those 
variables with non-normal distribution. Bivariable analyses were 
performed with Wilcoxon singed rank test (to compare quan-
titative variables between the two groups), McNemar-Bowker 
Test (to analyse the differences between the categorical vari-
ables within the groups), and Analysis of variance – ANOVA for 
parametric testing and Kruskal-Wallis Test for non-parametric 
testing (to compare the effects of the drug and the placebo in 
both groups). A p-value of <.005 was considered significant in 
all cases.

Analysis was made on SPSS

  Frequency and mean (DE)/median (IQR) analysis.

 Kolmogorov-Smirnov analysis (normality test)

 H0= data has a normal distribution (accepted if p value is 
bigger than p=0,005)

 Ha= data has a non-normal distribution (accepted if p value 
is bigger less than p=0,005). Parameters on sub-genómic RNA   
and PCR had no normal distribution, that is why data was ana-
lyzed as non-normal. Wilcoxon test (to see differences between 
the two groups for all the numerical variables).

 McNemar-Bowker test (to see differences between the two 
groups for all the categorical variables

 ANOVA test (to see differences between the two groups on 
the results of sub-genomic RNA and PCR, for every day).

Endpoints

  The primary endpoint of this study was to assess the reduction 
in SARS COV-2 viral replication by determining the amount of 
sub-genomic mRNA in patient samples after administering the 
investigative drug.

Results
  A total of 90 patients were enrolled to assess eligibility, of 

those 30 were excluded (21 not meeting criteria, 5 declined to 
participate, and 4 could not participate due to other reasons. 60 
patients were randomized out of which 59 made it to the final set 
of participants (one patient was eventually excluded due to an 
active asthma diagnosis with concomitant medication), divided 
into two groups consisting of 30 patients receiving Nebulized 
IVM + Dexamethasone and 29 patients receiving placebo (Neb-
ulized SSN).

The median (IQR) age of the patients was 41 (17.5) years, 
with a body mass index (BMI) 24.93 (9.41). A total of 59.32% 
(n=35) of the patients were female and 40.68% (n=24) were 
males. 3.4% patients had a history of arterial hypertension, 5.1% 
had obesity, 3.4% had thyroid issues, with 16.9% patients re-
porting at least one coexisting medical condition. All patients 
were in stable conditions throughout the trial.

Non prescribed medication use: A total of 42.7% patients 
were consuming unprescribed medicines at the time of the study, 
out of which 16.67% patients received acetaminophen, 5.95% 
received colchicine, 9.52% received oral ivermectin, 11.90% 
received anti-inflammatory non-steroidal drugs, 8.33% re-
ceived antibiotics (azithromycin, clarithromycin, levofloxacin, 
amoxicillin, and doxycycline), 5.95% received aspirin, 9.52% 
received statins, 9.52% received cough medications, 3.57% re-
ceived antihistamines, 7.14% received oral steroids, 9.52% re-
ceived vitamins, and 2.38% had inhalers.

Nonparametric statistics was used for the analysis of the differ-
ences in use of non-prescribed medication between the groups.

No significant differences were found between age and gender 
of patients comparing the two groups (Table 2). The p-value for 
age was 0.25 and that for gender was 0.857.

Nasopharyngeal samples from all patients were analysed for 
COVID-19 through RT-PCR for genomic RNA and sub-genom-
ic mRNA levels wherein 100% of these samples were confirmed 
to be positive for the infection on day 1. Further analysis by RT-
PCR and sub genomic mRNA to all of the patients, on days 3, 5 

Variable Median 
(IQR)

Frequency 
(n)

Age 41 (17.5)
Weight (kg) 67 (30.75)
Height (cm) 168 (14)
BMI* 24.93 (9,41)

Gender Male 40.68 (24)
Female 59.32 (35)
Comorbidities 16.95 (10)
Unprescribed medicines 42.7 (25)
Acetaminophen 16.67 (14)
Colchicine 5.95 (5)
 Ivermectin 9.52 (8)
anti-inflammatory 
non-steroidal drugs

11.90 (10)

Antibiotics 8.33 (7)
Aspirin 5.95 (5)
Statins 9.52 (8)
Cough medications 9.52 (8)
Anti-histamines 3.57 (3)

Table 1. Baseline characteristics of patients along with IQR.
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Variable Treatment group (n=30) Placebo group (n=29)
Median (IQR) Frequency (n) Median (IQR) Frequency (n)

Age 40 (21) 40 (13)
Weight (kg) 76 (28) 59 (3)
Height (cm) 169 (11) 163 (3)
BMI* 27 (9) 22 (0)
Gender
Male 63,33 (19) 55,17 (16)
Female 36,67 (11) 44,82 (13)

Table 2. Comparisons of baseline characteristics between treatment and control groups.

Figure 1. Sub-genomic mRNA count on a day-wise basis. CT: cycle threshold, ID: 
intervention drug, PBO: placebo, ns: non-statistical significance (p=0,23), *p=0,002, 
**p<0,00001, ***p<0,00001 .Figure 1. As the treatment progressed, there is a steady 
and significant reduction in the sub- genomic mRNA on a day-wise basis (Figure 1).

Table 3.  RT-PCR results for CT values of patient samples on days 1,3,5,7 of the intervention.

Day 1
Median (IQR)

Day 3
Median (IQR)

Day 5
Median (IQR)

Day 7
Median (IQR)

RT- PCR RNA-dependent 16.4 22.15 25.8 28.92
RNA polymerase 
(RdRp gene)

18.73 24.75 28.46 31.14

Nucleocapsid(N 
gene) 

15.54 21.71 25.07 28.02

Envelope (E gene) 17.14 24.07 28.04 28.02
Average 21.31 24.97 29.09 33.95

sub genomi c mRNA cycle threshold (CT) 7.88 6.15 4.21 1.91
Logarithmic value 75978980. 1423472.5
Squared value (SQ) 1 4 16045.7 80.81

and 7 where preformed. Results upon different genes analysed by 
RT-PCR and sub genomic mRNA are reported on Table 3.

Alongside, there were no clinical markers showing severe dis-
ease in any of the samples collected within the first 5 days of 
the disease (Table 4). Graphs to compare symptoms among pa-
tients treated with Ivermectin + Dexamethasone Vs Placebo days 
0 to 5 respectively. Graphic #1 shows the percentage of patients 
identified in both groups, medicated with Nebulized Ivermectin + 

Dexamethasone (Blue color bars), and placebo (Red color), spec-
ified by symptoms at day cero(0). The most frequent symptoms 
reported are: Nasal congestion reported by around 8% of patients 
in both groups; General Malaise reported by 7.8% og patients in 
the medication group Vs 5% of patients in the placebo group; 
Cough was reported in 6.7% in both intervention and placebo 
groups and Fever reported in 2.2% of the intervention medication 
group and 3.9% of the placebo group. Other symptoms reported 
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Table 4. Analysis of markers for severe/critical disease.

Variable Median (IQR) Laboratory Cut-offs for severe disease
Troponine 3.95 (2.15) <14pg/ml
PCR 4.10 (12.18) <34.67 mg/l
D Dimer 279.50 (492.75) 0.4 µg/mL or  <500
Ferritin 185.70 (295.38) <150ng/ml
Laboratory results
VSG(Erythrocyte Sedimentation Rate) 23 (17.5) <25
Total bilirubin 0.33 (0.23) 1.2 mg/dl
Direct bilirubin 0.14 (0.10) <0.3 mg/dl
Indirect bilirubin 0.17 (0.11) 0.2-0.8 mg/dl
Aspartate aminotransferase 23.35 (13.33) 30
Alanine aminotransferase 25.95 (16.80) 30

Variable Treatment group 
(n=30)
Median

Placebo group 
(n=29)
Median

P value

Logarithmic CT values (day 1) 7 9 0.23

Logarithmic CT values (day 3) 6 8 0,002

Logarithmic CT values (day 5) 4 6 <0.00001
genomic Logarithmic CT values (day 
RNA 7)

0 5 <0.00001

Table 5. Reduction in Sub-genomic mRNA CT value in days 1-3-5-7.

Graphic 1. shows the percentage of patients identified in both groups, medicated with Nebulized Ivermectin + Dexamethasone (Blue color 
bars), and placebo (Red color), specified by symptoms at day cero(0).

include Back pain reported by 3.3% of the intervention medi-
cation patients and 1.1% of placebo group. Other less reported 
symptoms at day cero(0) are sore throat and Chest pain.

Graphic #2 illustrates the percentage of patients identified in 
both groups, medicated with Ivermectin + Dexamethasone (Blue 
color bars), and placebo (Red color bars), specified by symp-
toms at day 5 (last day of the treatment). As shown in graphic 

#2, the symptoms reported during day o, were also followed 
at day 5.Nasal congestion showed important reduction in both 
groups, medication intervention (Blue bars) and placebo (red 
bars) from approximately 8% in day Cero(0), (graphic #1), to 
0.9% in day 5 (ghraphic #2). The General Malaise was reported 
significantly less frequent by day 5 (2.6%) in the intervention 
group (blue bar), from 7.8% reported during day 0, showing also 
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Cough was reported in 6.7% in both intervention and placebo 
groups and Fever reported in 2.2% of the intervention medica-
tion group and 3.9% of the placebo group. Other symptoms re-
ported include Back pain reported by 3.3% of the intervention 
medication patients and 1.1% of placebo group. Other less re-
ported symptoms at day cero(0) are sore throat and Chest pain.

Graphic #2 illustrates the percentage of patients identified in 
both groups, medicated with Ivermectin + Dexamethasone (Blue 
color bars), and placebo (Red color bars), specified by symp-
toms at day 5 (last day of the treatment). As shown in graphic 
#2, the symptoms reported during day o, were also followed 
at day 5.Nasal congestion showed important reduction in both 
groups, medication intervention (Blue bars) and placebo (red 
bars) from approximately 8% in day Cero(0), (graphic #1), to 
0.9% in day 5 (ghraphic #2). The General Malaise was reported 
significantly less frequent by day 5 (2.6%) in the intervention 
group (blue bar), from 7.8% reported during day 0, showing also 
a significant reduction compared to placebo group 5% during 
day 0 to 5.1% during day 5. The cough was reported in 5.1% of 
medication patients (Blue bar), on day five compared to 6.7% of 
patients reporting this symptom at day 0, additionally, this same 
symptom was reported in the placebo group(Red bar), by 6.8% 
of patients at day 5 compared to 6.7% during day 0.

In general, the patients in the intervention (Ivermectine + 
Dexamethasone) group, reported less symptoms after 3-5 days 
of treatment compared to placebo goup.

Figure 1. As the treatment progressed, there is a steady and 
significant reduction in the sub- genomic mRNA on a day-wise 
basis (Figure 1).

This reduction became increasingly statistically significant, as 
the treatment progressed (Table 5). The data from these variables 
was analysed by non-parametric statistics (Kruskal-Wallis Test), 
considering the non-normal distribution of the data.

Graphics 2 and 3 show the reduction of Sub genomic mRNA 
quantifications already explained in figure2. As previously ex-
plained, there is a statistically significant reduction in Sub ge-
nomic mRNA in the IVM+ Dexamethasone group from day 0 to 
day 7 when compared to the placebo group.

The presence not prescribed medication was analysed for any 
possible bias, no statistical significance was demonstrated be-
tween the use of non-prescribed medications and the interven-

Gene RdRp: 
Treatment

Placebo p-value

Day 1 16 17 0.39
Day 3 20 25 0.97
Day 5 24 27 0.93
Day 7 28 29 0.42

Gene N: Treatment Placebo p-value
Day 1 19 18 0.34
Day 3 22 27 0.15
Day 5 23 29 0.2
Day 7 30 34 0.71

Gene E Treatment Placebo p-value
Day 1 16 15 0.2
Day 3 19 23 0.62
Day 5 23 26 0.52
Day 7 27 30 0.43

Average Treatment Placebo p-value
Day 1 17 17 0.61
Day 3 21 25 0.55
Day 5 25 28 0.49
Day 7 32 35 0.77

Table 6.  RT-PCR results comparing the p-values for different ge-
nomic RNA across days 1,3,5 and 7 (all logarithmic values).

Graphic 2. illustrates the percentage of patients identified in both groups, medicated with Ivermectin + Dexamethasone (Blue color bars), and 
placebo (Red color bars), specified by symptoms at day 5 (last day of the treatment). As shown in graphic #2, the symptoms reported during day 
o, were also followed at day

Figure 2. Box and whiskers plot for sub-genomic mRNA on days 
1,3,5 and 7 respectively. Figure 2 shows a progressive reduction of 
Sub-genomic mRNA measured at days 1, 3, 5 and 7.
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Variable Treatment group 
(n=30)

Placebo group 
(n=29) 

Median Frequency 
(IQR) (n)

Median Frequen-
cy (IQR) (n)

Unprescribed 
medicines Acet-
aminophen

15.62(10) 30 (3)

Colchicine 6.25 (4)
Ivermectin 12.5(8) 10 (1)
anti-inflammato-
ry non-steroidal 
drugs

15.62(10)

Antibiotics 12.5(8) 30 (3)
Aspirin 6.25 (4)
Statins 3.12 (2)
Cough medica-
tions

3.12 (2) 30 (3)

Anti-histamines 4.68 (3)
Oral steroids 9.38 (6)
Vitamins 6.25 (4)
Inhalers 4.68 (3)

Table 7. Patients taking over-the-counter medication, not pre-
scribed by the physician, during the study.

Graphic 3. Distribution of Sub genomic Messenger RNA among patients randomized to placebo group quantified on days 0-3-5-7 of the trial.

Figure 3. Box and whiskers plot for sub-genomic PCR data ob-
served on days 1,3,5 and 7 respectively.

tion in groups (Table 7).

Discussion
We considered the availability, cost-effectiveness and prov-

en anti-viral potential of Ivermectin in previous in-vitro studies 
not only with SARS COV-2, but also for yellow fever virus, the 
human immunodeficiency virus (HIV), dengue virus, West Nile 
Virus, influenza Virus and the Venezuelan equine encephalitis 
virus to conduct this double blind trial [10,11,26]. A 3 ml dose 
of nebulized Ivermectin mixed with Dexamethasone in a 10:1 
ratio was randomized along with a placebo among 59 patients 
with mild to moderate symptoms and a confirmed PCR result, 
positive for SARS-CoV-2, thrice daily for 5 days, in an attempt 
to evaluate its efficacy in reducing viral replication. The quan-
tification of the sub-genomic mRNA was used in this trial to 
measure the viral replication.

We found a statistic significant reduction in the count of 
sub-genomic mRNA in the samples taken from sick patients re-
ceiving nebulized Ivermectin compared blindly with placebo at 
day 7 (P Value <0.05). This was the first human based study to 
evaluate nebulized Ivermectin as a potential medication to be 
explored to reduce viral replication of SARS-COV2 when used 
via nebulization directly in the airways. Additionally, this study 
highlights the potential use of viral sub-genomic messenger 
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Graphic 4. Distribution of Sub genomic Messenger RNA among patients randomized to IVM+-
Dexamethasone group quantified on days 0-3-5-7 of the trial.

RNA analysis to evaluate the active replication of an RNA virus 
a strategy which could be useful for other RNA viruses as well 
[11,23].

The most common route of administration for Ivermectin in dif-
ferent studies thus far has been the oral route. However, different 
concentrations of oral dosing have been unsuccessful in reaching 
the required inhibitory concentrations in the lungs (IC50) which 
can be attributed to the molecule’s high lipophilicity, its low ion-
ization at physiologic pH [23].The high crystal lattice energy 
of Ivermectin as a molecule, makes it is less soluble in aqueous 
solution and more soluble in amorphous forms, as suggested by 
Mansour et al. [16].

As Schmith et al. showed in his study, the approved dose of 
oral Ivermectin, (200 µg/kg) once weekly was not sufficient in 
reaching the IC50 even after increasing the dosage to 60mg every 
3 days or 120mg once weekly, which should at best approach 
the inhibitory concentration to 1/5th of the recommended amount 
(2µM) in the lungs [11,23]. Moreover, Jermain et al. developed 
a simulation of Ivermectin's exposure to the lungs through oral 
routes in physiologically-based pharmacokinetic models at doses 
of 12, 30, and 120 mg. Despite of this, the maximum concentra-
tion achieved in the lungs was 772 ng/mL, lower than the report-
ed IC50 for ivermectin in vitro (1750 ng/mL) [27].

Ivermectin showed to reduce SARS-CoV-2 viral load by 
~5000 fold within 48 hours in Vero Cells (In Vitro), which has led 
to [27] clinical trials dedicated to finding the optimal dosing for 
Ivermectin against COVID-19, not only evaluating Ivermectin’s 
potential in treating COVID-19 but also its prophylactic poten-
tial [11,28].Some of these studies have reported an improvement 
in overall patient health with significant reduction in mortality 
[15,28]. However, it still remains to be understood if Ivermectin 
can eventually reduce in vivo, active viral replication and prevent 
community spread of COVID-19.

Ivermectin’s safety profile is well established from previous 
studies. There have been very low rates of incidence of adverse 
effects, mostly related to the inflammatory response to different 
infections including itching, rash, swollen lymph nodes, joint 
pain, fever, malaise and headache [28]. Even with doses as high 

as 1200 μg/kg for 5 days (highest oral dosage in clinical trials, 
in the COVER study) showed no signs of severe adverse effects 
[1].

There have been a few studies using the nasal formulations as 
an attempt to make more of the compound available freely in the 
pulmonary airspace. Safety studies conducted on piglets receiv-
ing Ivermectin either orally (0.2 mg/kg) or by one or two nasal 
spray doses showed that there were no systemic adverse effects 
in the recipients, and that administering the nasal spray every 
12 hours, helped the lungs and nasopharyngeal tissues receive 
a high concentration of Ivermectin which also persisted through 
the day (in a span of 24 hours). A key observation in this case 
was that the ratio between the nasal spray/oral concentration in 
the nasopharyngeal tissue increased significantly from 0.88 (one 
spray application) to 2.10 (two spray applications), from 0.24 
to 0.63 in the lungs and from 0.25 to 0.57 in the plasma [29]. A 
drawback was that there were no observations made on a regular 
basis to understand the persistence of the drug in the lungs.

The study by Aref et.al. with 114 human subjects with mild 
COVID-19 who were randomized to a mucoadhesive nano-
suspension spray twice daily along with routine Egyptian pro-
tocols for COVID-19 treatment against a placebo and assessed 
for negative RT-PCR reports and improved clinical parameters 
for 7 days. The patients receiving the nasal mucoadhesive spray 
developed clinical parameters closer to normalcy more signifi-
cantly within 7 days of treatment, with no adverse effects [19]. 
This study relied on negative RT-PCR results for a confirmed 
negative diagnosis, and did not assess the contagiousness of the 
disease due to viral replication.

Chaccour et al. assessed the safety of nebulized Ivermectin by 
randomizing 14 rats into three target dosing groups, with a lower 
dose (80–90 mg/kg), a higher dose (110–140 mg/kg) or ethanol 
vehicle only. They were monitored for 7 days post this interven-
tion, for the levels of the drug in the lungs and plasma as well 
as any adverse effects and clinical parameters which may hint at 
any deterioration in health. The study concluded that nebulized 
Ivermectin was safely sustained in detectable concentrations in 
the lungs for seven days, with concentrations up to 524.3 ng/g 
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for high-dose male and 27.3 ng/g for low-dose females [21].

  Supported in these observations, our study was conducted 
as a pilot human study to assess the safety as well as efficacy of 
nebulized Ivermectin to reduce SARS-COV-2 viral replication 
in patients with mild to moderate COVID-19. Nasopharyngeal 
samples were chosen for this study since multiple studies have 
established a strong correlation with an active infection, as well 
as viral load count [30-32]. Additionally, nasopharyngeal sam-
ples are validated by the US FDA and CDC as the gold standard 
for detecting genomic RNA for COVID-19 [33,34]. Sub-ge-
nomic mRNA analysis, although not the gold standard test, has 
been effectively used in previous trials, for an early diagnosis of 
COVID-19 patients [35].

  The decision to use dexamethasone in combination with Iver-
mectin was made based in the fact that Ivermectin administered 
intratracheally (inhaled) in the lungs in doses of 0.2, 0.4 and 0.8 
mg/kg had shown to attract more pro-inflammatory cytokines 
(TNF-α, IL-3, IL-6) with a paralleled reduction in IL- 10, an 
anti-inflammatory cytokine. Also the Hydroxy propyl-β-cyclo-
dextrin makes Ivermectin more soluble and stable in the inhal-
able formulation [16].Additionally, the use of Dexamethasone 
chemically enhances the dissociation of the hydroxyl bonds of 
Ivermectin and helped in making it suitable for nebulized ad-
ministration.

  Our study also explores the potential use of sub-genomic 
mRNA analysis. The sub-genomic mRNA is a potential test to 
count the viable virus during its active transcription and transla-
tional modifications for assembly of the structural proteins [4]. 
On the other hand, rapid antigen tests are indicative of an active 
infection, with lower sensitivity (~18-50%) but a higher speci-
ficity (~100%), irrespective of the cycle threshold (CT) value, 
as compared to genomic RT-PCR analysis [36]. This also high-
lights a possible correlation between these two test methodolo-
gies. Though this analysis was out of scope for this study, it can 
be encouraged in future studies.

  The results from this non completely conclusive study, en-
courage future studies and validation of the sub-genomic mRNA 
as an analytical method to detect active infection by SARS-
COV2 and other viruses.

Limitations

  We had limitations during this study to be disclosed; first, 
the ongoing strict lockdown in Colombia by the time of the trial, 
obstructed the mobilization of Medical Doctors which limited 
the collection of some clinical data. Secondly, the lack of im-
munological or other parameters to understand the implications 
of Dexamethasone. Third, the small size of the sample to lead 
to definite conclusions. Several questions remain not answered, 
however our trial could contribute to open the door to think 
about the potential use of Ivermectin via Nebulized, instead of 
orally to treat respiratory viral infections including but not lim-
ited to COVID 19

Conclusion

This was the first human based trial assessing in vivo, the 
possible benefits of low cost and low side effect of nebulized 
Ivermectin in reducing the SARS-COV-2 replication using the 

Subgenomic Messeger RNA count as a measure of active viral 
replication in patients positive for COVID-19.

This double-blind randomized trial also highlights the poten-
tial use of sub-genomic mRNA tests to determine the quantifica-
tion of SARS-COV-2 viral replication in vivo. Also, encourage 
the development of easier sampling and processing methods, 
to consider further research to validate the use sub- genomic 
mRNA testing as screen and replication status for COVID-19 
and other viral infections in the future.
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