
1

Vol.:(0123456789)

Scientific Reports |        (2024) 14:19902  | https://doi.org/10.1038/s41598-024-70064-8

www.nature.com/scientificreports

Nebulized enriched heparin 
improves respiratory parameters 
in patients with COVID‑19: a phase 
I/II randomized and triple‑blind 
clinical trial
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To evaluate the safety and the potential antiviral treatment of inhaled enriched heparin in patients 
with COVID-19. The specific objectives were to investigate the anticoagulation profile, antiviral and 
anti-inflammatory effects, and respiratory evolution of inhaled enriched heparin. We conducted 
a randomized, triple-blind, placebo-controlled Phase I/II clinical trial in hospitalized adults with 
COVID-19 receiving inhalation of enriched heparin or saline (placebo) every 4 h for 7 days. Among 
the 27 patients who completed the study, no changes in blood coagulation parameters were 
observed, indicating the safety of inhaled enriched heparin. The group receiving enriched heparin 
showed a significant reduction in the need for supplemental oxygen and improvement in respiratory 
parameters, such as the PaO2/FiO2 ratio. Inhalation of enriched heparin is shown to be safe and has 
also demonstrated potential therapeutic benefits for patients with COVID-19. These promising results 
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justify the continuation of the study to the next phase, Phase II/III, to further evaluate the therapeutic 
efficacy of inhaled enriched heparin in the treatment of COVID-19-associated viral pneumonia.

Trial registration: ClinicalTrials.gov. 08/02/2021. Identifier: NCT04743011. 
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Coronavirus 2019 disease (COVID-19) is caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), an enveloped ribonucleic acid (RNA) virus member of the Coronaviridae family1. SARS-CoV-2 is 
highly contagious and rapidly spread worldwide, leading the World Health Organization (WHO) to declare 
it a pandemic in March 2020. Since then, it has devastated and overwhelmed many healthcare systems world-
wide. Although there are concentrated global efforts for mass vaccination, SARS-CoV-2, like other respiratory 
RNA viruses, adapts and can develop threatening mutations that increase its infectivity and spread2. For this 
reason, the development of specific or adjunctive drug therapies for COVID-19 is essential to prevent and treat 
severe complications of the disease. Despite COVID-19 primarily affecting the lungs and inhalation-based drug 
administration offering several advantages, to date, no inhaled medication has been approved for the treatment 
of COVID-193.

Heparin is a sulphated heterogeneous polysaccharide, a member of the glycosaminoglycans family. Due to 
its negative charge, heparin can bind to various proteins in the body, including antithrombin-III (AT), which 
is responsible for heparin’s anticoagulant activity. Additionally, heparin has been widely studied for its poten-
tial antiviral action, demonstrating inhibition against various enveloped viruses, including coronaviruses4–6. 
Although the complete pharmacological mechanism of heparin’s antiviral action remains unclear, previous 
studies have suggested that it may act by binding to the SARS-CoV-2 spike protein, thereby inhibiting the virus 
infection5,7. In another direction, one group posits that unfractionated heparin (UFH) could compete with 
SARS-CoV-2 for heparan sulphate (HS) binding, thus impeding virus attachment and entrance to the cells8,9. 
Additionally, another potential mechanism involves heparin inhibiting SARS-CoV-2 replication and transcrip-
tion by targeting the activity of the virus’s Mpro protein, a crucial enzyme for its replication and transcription9,10.

Comparative studies between unfractionated heparin (UFH) and low molecular weight heparin (LMWH) 
have shown that UFH exhibits significantly more effective antiviral activity against SARS-CoV-211. In this con-
text, we previously conducted an in vitro study using enriched unfractionated heparin. This process involves 
the depletion of low-molecular-weight molecules, thereby concentrating the higher molecular-weight com-
ponents of heparin. Our results revealed about 80% decrease in SARS-CoV-2 viral load in Vero cells with no 
cytotoxicity. This suggests that the heparin fraction with higher molecular weight molecules may hold greater 
therapeutic potential against SARS-CoV-2, with a possible dual function, offering both antiviral and antithrom-
botic effects3,5,12.Building upon our innovative heparin enrichment process and promising preliminary findings, 
we hypothesized that inhaled enriched heparin could be more effective against SARS-CoV-2 viral replication 
in infected patients. Due to the absence of similar studies, this research aimed to evaluate the safety of inhaled 
enriched heparin and its potential positive effects in patients with COVID-19.

Methods
Study design and participants
A phase I/II, single-center, randomized, triple-blind, placebo-controlled clinical study was carried out from May 
to August 2021 at the Clinical Hospital and the Clinical Research Unit (UPECLIN), both from the Botucatu Medi-
cal School in the São Paulo State University (UNESP). This study was carried out under applicable Brazilian laws, 
regulations, and international guidelines, following the ethical principles established at the 18th World Medical 
Assembly, Helsinki, 1964, and its subsequent amendments. The study was approved by the Research Ethics Com-
mittee (CAAE 39,872,920.0.0000.5411). The trial protocol for this study has been previously published13 and 
underwent some changes. All participants or their legal representatives were fully informed about the objectives 
and risks of the study and provided written informed consent as shown previously13. The protocol changes and 
a full list of inclusion, exclusion, and discontinuation criteria are found in the complementary study protocol 
(Supplementary Material 1). The protocol was registered at the National Institute of Health (NIH) United States 
National Library of Medicine ClinicalTrials.gov platform ID: NCT04743011.

Sample calculation
The prevalence of clinically significant bleeding resulting from heparin nebulization is estimated at 3%14. There-
fore, the sample size calculation was 24 participants (12 for each group), considering two independent samples 
with the main objective of evaluating the treatment safety, with a confidence level of 95% and an error rate of 
10%. Estimating a loss rate of more than 50%, the total sample initially proposed was 37 participants.

Randomization and blinding
The randomization was prepared by a technician not involved in the study execution or data processing, using the 
Stat Trek (Stat Trek, version 5.1, available at https://​statt​rek.​com), a program to construct random number tables. 
Thirty-seven positions were drawn randomly and consecutively among placebo or heparin groups. Participants 
were randomly assigned in a 1:1 ratio. The envelope containing the randomization was held by an independent 
professional (pharmacist) without the knowledge of the study team members. The clinical trial was conducted 
following a triple-blind protocol. Participants, researchers, and data analysts had no access to the allocation 
distribution. The solutions were prepared by the Clinical Hospital of Botucatu Medical School laboratory team 
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and labelled by an employee who did not participate in the study. The placebo and heparin vials were visually 
indistinguishable and had identical characteristics.

Interventions
Pharmaceutical unfractionated heparin formulations contain polysaccharide chains of molecular weight ranging 
from ∼5,000 to ∼30,000 Da15. The enriched unfractionated heparin was generated in sterile environment from a 
commercially available unfractionated heparin (Sodium heparin, injectable solution 5,000 UI/mL HEMAPAX®—
Blau Farmacêutica™—São Paulo, Brazil) by filtration process using Amicon Ultra—10 kDa® centrifuge filter 
(Merck Millipore™ Merck, Burlington, Massachusetts, US), following the manufacturer’s recommendations. Final 
enriched unfractionated heparin is a buffered solution depleted of low-molecular-weight, less sulfated heparin 
chains and low-molecular-weight heparin formulation components (Fig. S1). Enriched unfractionated heparin 
was the subject of two patents by Dr. Matheus Bertanha (BR 102,014,027,804–4 A2 and BR 102,020,011,964–8).

The placebo group received inhalation with 5 mL of 0.9% saline through a nebulization mask connected to 
oxygen, while the heparin group received inhalation of 12.5 mg of enriched heparin diluted in 5 ml of 0.9% saline 
through a nebulization mask connected to oxygen. The nebulization time was approximately 15 min. Both groups 
received the inhalation dose every 4 h, at 8 am, 12 pm, 4 pm, 8 pm, and midnight, except for the early morning 
dose. This regimen was followed over a 7-day period, totalling 5 doses per day and 35 doses throughout the study. 
All patients received standard supportive care administered by the attending team, who were not involved in 
the study design or randomization process. Patients were admitted to specialized COVID-19 wards equipped to 
provide non-invasive respiratory support.

Antibiotics were administered when bacterial co-infections were present or suspected, with this decision made 
by the attending medical team and not by the study team. Ten patients received antibiotic treatment alongside the 
study treatment (37% in total), evenly distributed between the groups (p = 0.9999), with only one patient from 
each group starting antibiotics after inclusion in the study. Therefore, the antibiotic regimen varied slightly from 
case to case but showed no statistical difference between the groups (Table 1). Supplemental oxygen therapy was 
present in all patients at the beginning of the study (inclusion criteria—moderate respiratory failure—Supple-
mentary 1), using an oxygen mask with flow varying between 2 and 10 L per minute. In the most serious cases, 
patients were transferred to the ICU, where they received intensive treatment, including orotracheal intubation 
and mechanical ventilation, being excluded from the study, according to exclusion criteria (Supplementary 1). 
Due to the absence of suitable equipment and conditions for delivering inhaled medication to intubated patients, 
3 cases in the control group and 5 cases in the treatment group experienced early worsening of the disease within 
24 h of inclusion in the study, resulting in their exclusion (Fig. 2). Glucocorticoids (Dexamethasone 6 mg IV/
day) were administered by the care team to the majority of patients: all in the control group and 11 patients in 
the treatment group (84.6%), with no statistical difference between the groups (p = 0.2222). Analgesics and anti-
pyretics were provided for pain or fever relief (Dipyrone 500 mg IV every 6 h as needed). All patients received 
a prophylactic dose of 40 mg daily of enoxaparin subcutaneously to prevent thromboembolic (VTE) events. 
No other anticoagulants, anti-inflammatory medications, investigational drugs, or antiviral drugs were used 
concomitantly with the study.

Outcomes
The primary outcome was the safety of the use of inhaled enriched heparin in patients with SARS-CoV-2 
by assessment of haemorrhagic events of any nature, alteration in the coagulation test, such as alteration in 
aPTT > 1.5, heparin-induced thrombocytopenia and death. In addition, the assessment of local and systemic 
adverse events, defined by Common Terminology Criteria for Adverse Events (CTCAE), was assessed16. The 
secondary outcome evaluated the patient’s improvement through clinical, laboratory, and respiratory exams, 
e.g., assessment of the SARS-CoV-2 viral load, inflammatory and infectious profile, renal failure and pancreati-
tis development, deterioration of arterial blood gas PaO2/FiO2 ratio (< 200), and respiratory evolution through 
tomographic radiological imaging and by clinical parameters.

Clinical and laboratory monitoring
The schedule of visits and evaluations, epidemiological and personal antecedents form, clinical assessment and 
physical examination form, laboratory results and tomographic findings form, and adverse events form were 
previously available by Bertanha et al. (2021). Additional exam protocols are found in Supplementary Material 1.

Statistical analysis
To analyse the data from groups, descriptive and inferential statistical methods were used. Qualitative variables 
were presented using absolute and relative frequency distributions. Two-way ANOVA with Dunnett’s multiple 
comparisons test was used to compare the in vitro viral inhibition and cytotoxicity. Fisher’s Exact, Chi-squared or 
G-test of independence tests were used to compare the distribution of qualitative variables between the placebo 
and heparin groups. For paired data, the McNemar or G-test of independence tests was employed. Quantitative 
variables were described using central tendency and variation measures, and normality was assessed using the 
Shapiro–Wilk test. Results were expressed using the median and interquartile range (IQR) for non-parametric 
distributions, while the mean and standard deviation (SD) were used for parametric distributions. To compare 
quantitative variables between the placebo and heparin groups, unpaired t-tests or paired t-tests were applied for 
parametric distribution data; in the case of non-parametric or heteroscedastic distributions, the Mann–Whitney 
U test or Wilcoxon test was used. For the longitudinal analysis comparing moments D0, D2, D5, and D7 about 
quantitative variables, One-way ANOVA, followed by Tukey’s post-test was applied for parametric distributions, 
and the Kruskal–Wallis test followed by Dunn’s post-test was applied for non-parametric distributions. The IQR 
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method was used to remove outliers in the cytokine data, where there was a significant variation in the results. 
A significance level (alpha error) of 5% was previously established to reject the null hypothesis. Statistical data 
was processed using BioEstat version 5.3, SPSS version 27, and GraphPad Prism version 10.

Results
First, the impact of enriched heparin on SARS-CoV-2 infection was assessed. A cell viability assay was conducted 
using a range of concentrations from 15.625 to 250 μg/mL. No signs of cytotoxicity were observed up to 250 μg/
mL. However, 125 μg/mL of the enriched heparin was found to inhibit virus replication by 82% (Fig. 1A). The 
antiviral effect of enriched heparin was observed during viral adsorption and replication (Fig. 1B, AD and FT 
bars), with no significant impact post-infection (PI bars). Interestingly, commercial unfractionated heparin did 
not show a similar antiviral activity in the experimental conditions. Overall, the findings suggest that enriched 
heparin acts against SARS-CoV-2 during viral adsorption in Vero cells.

In the screening phase, 70 patients were initially considered, but 33 were excluded for not meeting eligibility 
criteria. This left 37 patients in the study, with 18 in the placebo group and 19 in the heparin group. Two patients 
(one from each group) showed clinical improvement and were discharged on the third day. Unfortunately, eight 
patients (3 placebo, 5 heparin) experienced rapid deterioration, necessitating ICU transfer and intubation, lead-
ing to their study exclusion. Thus, 27 patients completed the seven-day follow-up, with 14 in the placebo group 
and 13 in the heparin group (Fig. 2). Epidemiological data showed group homogeneity (Table 1). Symptoms, 
predominantly dry cough (96%), asthenia, myalgia, dyspnoea (74%), fever (67%), and hypoxia (53%), were 
assessed (Table S1). Most symptoms had resolved before study inclusion, and the remaining symptoms improved 

Table 1.   Baseline patient characteristics. *Unpaired t test / results expressed as mean (standard deviation). 
**Mann–Whitney test / results expressed as median (IQR). # Fisher’s exact test / results expressed as n (%).

Characteristics Placebo (n = 14) Heparin (n = 13) P value

Age (years) 55 (16.1) 50 (12.6) 0.3788*

Height (cm) 167 (11.2) 162.92 (12) 0.3702*

Weight (kg) 90.57 (16.7) 79.85 (24.1) 0.1884*

BMI (kg/m2) 32.80 (7.4) 29.62 (7.3) 0.2712*

Days of symptoms 12 (5.75) 10 (4) 0.3508**

Vaccinated (2nd dose) 0 (0) 0 (0) 0.9999#

Gender 0.4495#

Male 8 (57.1) 5 (38.5)

Women 6 (42.9) 8 (61.5)

Ethnicity 0.4815#

White 12 (85.7) 13 (100)

Black 2 (14.3) 0 (0)

Behavioural factors

Sedentary lifestyle 12 (85.7) 10 (76.9) 0.6483#

Smoking 1 (7.1) 2 (15.4) 0.5956#

Ex-smoking 2 (14.3) 4 (30.8) 0.3845#

Alcoholism 0 (0) 2 (15.4) 0.2222#

Comorbidity

Systemic arterial hypertension 9 (64.3) 6 (46.2) 0.4495#

Coronary heart disease 2 (14.3) 2 (15.4) 0.9999#

Non-coronary heart disease 2 (14.3) 1 (7.7) 0.9999#

 Dyslipidaemia 5 (35.7) 10 (76.9) 0.0542#

Cerebrovascular ischemic events 1 (7.1) 1 (7.7) 0.9999#

Neoplasm 0 (0) 0 (0) 0.9999#

Kidney transplant or immunosuppression 3 (21.4) 3 (23.1) 0.9999#

Autoimmune disease 0 (0) 1 (7.7) 0.4815#

Pneumopathy 1 (7.1) 2 (15.4) 0.5956#

Hypothyroidism 0 (0) 2 (15.4) 0.2222#

Depression 2 (14.3) 0 (0) 0.4815#

Concomitant antibiotics 5 (35.7) 5 (38.5) 0.9999#

Ceftriaxone 2000 mg/d 1 (7.1) 3 (23.1) 0.3259#

Azithromycin 500 mg/d 1 (7.1) 0 (0) 0.9999#

Cefepime 6000 mg/d 2 (14.3) 0 (0) 0.4815#

Amoxicillin + Clavulanate 1500 + 300 mg/d 1 (7.1) 2 (15.4) 0.5956#

Concomitant Dexamethasone 6 mg IV/d 14 (100) 11 (84.6) 0.2222#
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Figure 1.   Enriched heparin inhibits SARS-CoV-2 infection in Vero cells. (A) Percentage of virus load 
inhibition in the supernatant of cells infected with SARS-CoV-2 (102 TCID50/mL) cultured with increasing 
enriched heparin concentration (up to 250 ug/ml) for 72 h. (B) Three different times of heparin addition were 
evaluated, comprising the virus absorption (AD), post-infection (PI), and adsorption plus post-infection (FT). 
Data are representative of mean (SEM) of 4 replicates from 2 independent experiments. Data were analysed 
using Two-Way ANOVA with Dunnett’s multiple comparisons test. *p < 0.05; **p < 0.01.

13 Completed study
Assessed for treatment safety

70 Screened for eligibility

33 Excluded

Early discharge, incorrect diagnosis, or 
early clinical deterioration.

14 Completed study 
Assessed for treatment safety

4 Lost to follow-up
    1 Early discharge
    3 Early clinical deterioration

18 Allocated to Placebo:
Nebulized inhalation with 5 mL of 0.9% 
saline every 4 hours for 7 days.

6 Lost to follow-up
    1 Early discharge
    5 Early clinical deterioration

19 Allocated to Heparin
Nebulized inhalation with 5 mL of 0.9% 
saline supplemented with 2.5 mg/mL of 
enriched Heparin every 4 hours for 7 
days.

Allocation

Analysis

Follow-up

37 Randomized

Figure 2.   Study Flow Diagram.
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by day 7. Both groups showed a significant reduction in dry cough and dyspnoea during treatment. Notably, no 
cases of bleeding were observed throughout the study period.

Primary outcomes
The primary outcome of this study was to evaluate the safety of administering inhaled enriched heparin to 
patients, focusing on potential changes in coagulation tests. Regarding safety parameters related to blood coagula-
tion, the results are within the established reference ranges, and no significant alterations were observed in both 
the Activated Partial Thromboplastin Time (aPTT) and the International Normalized Ratio (INR) (Table 2).

Placebo n = 14; Heparin n = 13.
Results expressed as mean (standard deviation) on parametric analysis.
Results expressed as median (IQR) on nonparametric analysis.
* Unpaired t test.
** Mann–Whitney test.
# One-way ANOVA.
## Kruskal–Wallis test.
a Dunn’s post-hoc test: D0xD5 (p< 0.0396); D0xD7 (p<0.0001); D2xD7 (p< 0.0086).
b Dunn’s post-hoc test: D0xD7 (p< 0.0141).
c Dunn’s post-hoc test: D0xD5 (p<0.0034); D0xD7 (p<0.0001); D2xD7 (p<0.0066).
d Dunn’s post-hoc test: D0xD5 (p<0.0033); D0xD7 (p<0.0001). Statistical differences are highlighted (bold).

Secondary outcomes
The results of the serum laboratory tests collected on days D0, D2, D5, and D7 are presented in Table 2. Both 
the placebo and heparin patient groups showed a decrease in COVID-19 viral load over the course of the study; 
however, there was no difference between the groups by day. Significant differences were observed on days D0 
and/or D2 for amylase, urea, neutrophils, and lymphocytes among the groups, but without clinical relevance, 
as the values remained within the normal reference range. C-reactive protein showed a significant decrease in 
both groups throughout the treatment. D-dimer levels remained elevated in all measurements for both groups, 
with no significant difference during the treatment. The inflammatory profile assessed by the analysis of serum 
cytokines demonstrated a high numerical variability. Despite some statistical differences, no result differed from 
the placebo profile (Fig. S2).

For the analysis of respiratory parameters, vital signs were obtained, including peripheral oxygen saturation, 
the need for supplemental oxygen therapy, and arterial blood gas analysis. The statistical disparity in pH reflects 
the exact values within the samples, leading to any variations in decimal points being deemed significant. There 
was no difference in the evolution of vital signs for both groups, which remained stable during the follow-up. 
However, patients who received enriched heparin inhalation showed a significant decrease in the need for sup-
plemental oxygen therapy compared to the placebo group. While the placebo group showed a difference only 
between days D0 and D7, the heparin group showed a decrease in the need for oxygen earlier, demonstrating a 
difference between days D0 x D5, D0 x D7, and D2 x D7 (Table 3). Additionally, it is noteworthy that patients 
in the heparin group showed a significant increase in the PaO2/FiO2 ratio, reaching normal values earlier than 
patients in the placebo group.

Placebo n = 10; Heparin n = 9.
Results expressed as mean (standard deviation) on parametric analysis.
Results expressed as median (IQR) on nonparametric analysis.
* Unparied t test.
** Mann–Whitney test.
# One-way ANOVA.
## Kruskal–Wallis test.
a Dunn’s post-hoc test: D0xD7 (p<0.0313)
b Dunn’s post-hoc test: D0xD7 (p<0.0026)
c Dunn’s post-hoc test: D0xD5 (p<0.0001); D0xD7 (p<0.0001); D2xD5 (p<0.0200); D2xD7 (p<0.0126). Sta-

tistical differences are highlighted (bold).
The results of the tomographic evaluations are presented in Table 4 with representative images in Fig. S3. It 

was observed that patients treated with enriched heparin inhalation showed a significant decrease in pulmo-
nary congestion between days D0 and D7. Regarding the analysis of pulmonary involvement scores, there was 
a significant decrease between D0 and D7 in both the placebo and heparin groups, but there was no difference 
between the groups.

Placebo n = 14; Heparin n = 13.
Results expressed as n (%).
Score: 0 (0% or none), 1 (1–25%), 2 (26–50%), 3 (51–75%), 4 (76–100%).
* Fisher’s exact test.
# McNemar test.
## G-test of Independence. Statistical differences are highlighted (bold).

Discussion
Unfractionated heparin (UFH) possesses relevant anticoagulant, anti-inflammatory, and possibly antiviral prop-
erties, which have recently been evaluated for SARS-CoV-2 infection17. In pre-pandemic clinical trials conducted 
in various clinical situations, including lung injury from smoke inhalation, inhaled heparin demonstrated a 
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Table 2.   Laboratory tests.

Analyses / Groups D0 D2 D5 D7 P value

Covid-19 Viral Load, copies/mL (Log10)

Placebo 5.2 (1.9) 4.1 (2.2) 2.6 (1.6) 1.5 (1.8) 0.0001##a

Heparin 3.9 (2.7) 3.5 (2.0) 2.4 (3.4) 1.5 (2.0)  0.0225##b

P value** 0.0543 0.1503 0.6054 0.9790

INR

Placebo 1.2 (0.2) 1.2 (0.2) 1.2 (0.2) 1.1 (0.2) 0.8567##

Heparin 1.2 (0.1) 1.1 (0.1) 1.1 (0.1) 1.1 (0.2) 0.9752##

P value** 0.3650 0.3375 0.2016 0.9894

aPTT ratio

Placebo 0.9 (0.2) 0.9 (0.1) 0.9 (0.2) 0.9 (0.1) 0.2832##

Heparin 1.0 (0.2) 1.0 (0.2) 1.0 (0.1) 1.0 (0.2) 0.5961##

P value** 0.0208 0.0934 0.5962 0.1124

Dimer, ng/mL

Placebo 869.0 (489.0) 999.0 (493.0) 778.0 (447.0) 648.5 (482.5) 0.4218##

Heparin 796.0 (601.0) 719 (472.0) 584.0 (762.0) 466.5 (661.8) 0.6128##

P value** 0.9999 0.1014 0.3011 0.2189

Haemoglobin, g/dL

Placebo 12.9 (1.7) 13 (1.8) 13.3 (1.7) 13.2 (1.5) 0.9501#

Heparin 13 (2.8) 12.9 (3.3) 13 (2.7) 13.4 (2.8) 0.9680#

P value* 0.9701 0.9264 0.7752 0.7733

Leukocytes, /mm3

Placebo 8.3 (4.6) 9.2 (2.2) 10.5 (4.0) 13.3 (5.3) 0.1215##

Heparin 7.5 (3.6) 8.3 (3.7) 9.7 (5.5) 9.1 (3.0) 0.1298##

P value** 0.4577 0.1338 0.8763 0.1727

Lymphocytes, %

Placebo 10.9 (6.3) 15.4 (11.8) 19.1 (12.0) 15.3 (10.3) 0.1913##

Heparin 16.3 (13.0) 23.7 (11.0) 23.6 (8.2) 22.5 (4.1) 0.5284##

P value** 0.0364 0.0344 0.1926 0.0523

Neutrophils, %

Placebo 78.5 (9.5) 75.0 (12.8) 76.1 (17.0) 75.5 (7.6) 0.4722##

Heparin 74.7 (19.1) 65.7 (11.3) 69.4 (11.3) 69.0 (8.7) 0.5908##

P value** 0.0543 0.0464 0.2189 0.0766

Platelets, × 103/mm3

Placebo 225.9 (65.9) 273.4 (109.3) 285.1 (106.1) 329.6 (153.3) 0.1414#

Heparin 258.2 (113.7) 330.3 (141) 352.7 (151.7) 369.1 (146.1) 0.2002#

P value* 0.3707 0.2581 0.2194 0.5160

C-Reactive Protein, mg/dL

Placebo 8.0 (11.5) 3.0 (2.6) 1.5 (2.2) 0.6 (0.5) 0.0001##c

Heparin 7.4 (13.9) 2.5 (2.5) 1.1 (2.0) 0.6 (0.8) 0.0001##d

P value** 0.5588 0.4851 0.3406 0.8120

Urea, mg/dL

Placebo 48.5 (7.3) 49.0 (25.5) 41.0 (12.5) 45.5 (15.8) 0.1687##

Heparin 33.5 (7.8) 35.0 (14.0) 37.0 (16.0) 42.0 (18.0) 0.2182##

P value** 0.0001 0.0063 0.3813 0.9334

Creatinine, mg/dL

Placebo 0.7 (0.3) 0.8 (0.3) 0.8 (0.4) 0.8 (0.4) 0.8320##

Heparin 0.8 (0.2) 0.7 (0.3) 0.7 (0.3) 0.8 (0.2) 0.7639##

P value** 0.6367 0.3030 0.9909 0.6203

Amylase, g/dL

Placebo 92.5 (42.8) 102.5 (55.3) 88.0 (86.0) 95.0 (60.3) 0.9323##

Heparin 53.0 (28.0) 68.5 (40.3) 90.0 (50.5) 111.0 (61.0) 0.1184##

P value** 0.0139 0.0180 0.4332 0.4509

Total Proteins, g/dL

Placebo 6.3 (0.4) 6.2 (0.6) 6.3 (0.6) 6.5 (0.6) 0.5782#

Heparin 6.5 (0.7) 6.5 (0.6) 6.4 (0.4) 6.8 (0.4) 0.3038#

P value* 0.4181 0.1539 0.8883 0.1864
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reduction in pulmonary coagulopathy, lowering the risk of microvascular thrombotic events. In addition, it 
was also associated with improved ventilatory support, reduced atelectasis, and optimized CO2 elimination18–20.

In this study, we employed an innovative approach using inhaled enriched unfractionated heparin. This 
unique enrichment method aimed to deplete low molecular weight components of UFH while concentrating 
high molecular weight heparin molecules. Our findings indicate that the enriched heparin did not induce any 
alterations in coagulation parameters compared to the placebo group. Additionally, no haemorrhagic adverse 
events were observed, suggesting its potential as a safe medication under the applied conditions. In support of 
our results, another randomized, placebo-controlled study involving 60 patients with severe Acute Respiratory 
Distress Syndrome (ARDS), where participants were assigned to inhaled UFH, streptokinase, or placebo, also 
reported no effects on systemic coagulation markers21. Furthermore, the statistical difference between the placebo 
and heparin groups in laboratory tests found in our study has no clinical relevance. This suggests that there was 
no significant systemic absorption of the medication, and no side effects were observed in other organ systems, 
supporting the safety of inhaled enriched heparin.

The most commonly reported symptoms in the literature regarding the clinical progression of COVID-
19 patients include dry cough, dyspnoea, asthenia, and fever22, all of which were also observed in our study. 
Throughout the treatment course, there was a significant reduction in both dry cough and dyspnoea for both 
groups, signifying the natural progression of patients who were appropriately treated and did not experience a 
rapid unfavourable evolution due to risk factors or constitutional susceptibility. However, our sample indicated 
that, for the majority of clinical parameters, significant improvement occurred after the 7-day hospitalization 
period, aligning with literature findings where clinical support treatment, coupled with the use of glucocorticoids 

Table 3.   Blood gas analyses.

Analyses / Groups D0 D2 D5 D7 P value

pH

Placebo 7.4 (0.0) 7.4 (0.0) 7.5 (0.0) 7.4 (0.0) 0.4934##

Heparin 7.5 (0.1) 7.5 (0.0) 7.4 (0.1) 7.4 (0.0) 0.4768##

P value** 0.3675 0.5246 0.1453 0.0182

pCO2, mmHg

Placebo 33.7 (6.7) 34.8 (3.7) 34 (2.4) 32.8 (4.3) 0.8246#

Heparin 36.9 (7.6) 36.9 (2.1) 37.6 (5.0) 33.3 (8.7) 0.5139#

P value* 0.3424 0.1878 0.0739 0.8815

pO2, mmHg

Placebo 69.5 (20.5) 72.1 (23.7) 71.2 (5.6) 75.6 (13.9) 0.6482##

Heparin 80.4 (30.3) 68.0 (18.6) 71.6 (16.3) 79.2 (18.0) 0.4580##

P value** 0.1564 0.3704 0.8689 0.5638

PaO2/FiO2 ratio

Placebo 235.1 (65.2) 240.3 (117.9) 279.5 (160.7) 350.2 (89.9) 0.2432##

Heparin 243.6 (80.2) 253.5 (76.4) 328.6 (69.8) 359.0 (35.4) 0.0316##a

P value** 0.2110 0.4234 0.3213 0.4967

SpO2 (%)

Placebo 94.7 (4.3) 95.0 (3.1) 94.2 (1.6) 95.6 (3.1) 0.3429##

Heparin 95.6 (3.2) 94.4 (3.5) 94.5 (2.5) 95.9 (2.3) 0.3633##

P value** 0.0987 0.6058 0.6217 0.8888

Lactate, mmol/L

Placebo 1.8 (0.5) 1.6 (0.5) 1.9 (0.4) 1.8 (0.5) 0.5848#

Heparin 1.6 (0.5) 1.8 (0.6) 2.1 (0.7) 1.9 (0.5) 0.2738#

P value* 0.3056 0.4618 0.3925 0.7702

HCO3, mEq/L

Placebo 23.6 (7.0) 24.9 (4.6) 23.7 (1.8) 21.6 (3.5) 0.7417##

Heparin 25.7 (5.0) 25.4 (2.8) 25.1 (3.2) 22.7 (3.8) 0.1443##

P value** 0.1823 0.3337 0.3213 0.9849

BE, mEq/L

Placebo 0.2 (6.8) 1.5 (4.5) 0.3 (1.2) -1.8 (2.5) 0.6830##

Heparin 1.5 (4.7) 1.7 (2.5) 1.1 (1.8) -0.8 (4.5) 0.1402##

P value** 0.3562 0.3336 0.3825 0.9528

Oxygen Therapy, lpm

Placebo 2.0 (1.0) 1.0 (2.0) 0.5 (1.8) 0 (0.0) 0.0046##b

Heparin 3.0 (2.0) 1.5 (2.5) 0.0 (0.5) 0.0 (0.0) 0.0001##c

P value** 0.3975 0.4734** 0.1492** 0.8769**
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and supplemental oxygen therapy, alongside necessary antibiotic therapy, played a pivotal role in controlling 
the disease.

In the assessment of the inflammatory process induced by COVID-19, our study observed the values of 
C-reactive protein (CRP), a marker of acute-phase inflammation widely used in the context of COVID-19 
infection due to its correlation with inflammation. In the literature, there is an established correlation between 
elevated CRP levels and a higher mortality rate23. Our study showed a significant decrease in CRP in both groups, 
suggesting a reduction in inflammation throughout the hospitalization period. This decline could be attributed 
to the supportive treatment involving glucocorticoids and/or the natural course of disease recovery.

Previous investigations have reported an increase in inflammatory cytokines in severe manifestations of 
coronavirus infections, including IL-2, IL-6, TNF-α, and MCP-117. This process, commonly referred to as a 
"cytokine storm", has been largely implicated in the development of respiratory complications in SARS caused 
by COVID-1924,25. Here, no significant differences were found between the placebo and heparin for all evalu-
ated cytokines, which may be attributed to small sample size, molecular instability, and rapid degradation of 
samples. However, CXCL10 levels significantly decreased in both groups throughout the treatment (Fig. S2), 
which is generally associated with a favourable progression in patients. It is important to emphasize that the use 
of concomitant medications could influence the results, particularly the use of glucocorticoids. However, it has 
been showed that high doses of glucocorticoids do not provide additional clinical benefits over time26,27. In our 
study, concomitant medications were used similarly in both groups, which could account for the improvements 
observed in both groups. On the other hand, this similar distribution of medications allowed us to observe dif-
ferences between the study groups and highlights the potential for adjuvant use of inhaled enriched heparin. 
No patients experienced thromboembolic events, and no anticoagulant medication was prescribed except for 
prophylactic enoxaparin. Although certain antivirals, such as Remdesivir, and biologic immunomodulators are 
known to play an important role in treating severe SARS-CoV-2 infections, these treatments were not available 
during the study period28,29.

According to our findings, there is an early and significantly noteworthy reduction in the need for supple-
mental oxygen therapy in the group treated with inhaled enriched heparin. Moreover, there was a particularly 
significant early increase in the PaO2/FiO2 ratio in the heparin group, suggesting a potential anti-inflammatory/

Table 4.   Pulmonary tomographic changes.

D0 D7 P value

Ground glass

Placebo 14 (100) 14 (100) 0.9999#

Heparin 13 (100) 13 (100) 0.9999#

P value* 0.9999 0.9999

Consolidation

Placebo 7 (50.0) 3 (21.4) 0.2188#

Heparin 5 (38.5) 2 (15.4) 0.4531#

P value* 0.7036 0.9999

Linear opacities

Placebo 14 (100) 13 (92.9) 0.9999#

Heparin 12 (92.3) 12 (92.3) 0.9999#

P value* 0.4815 0.9999

Pulmonary congestion

Placebo 10 (71.4) 4 (28.6) 0.0703#

Heparin 12 (92.3) 3 (23.1) 0.0039#

P value* 0.3259 0.9999

Lung involvement

Placebo

Score 0 0 (0.0) 0 (0.0)

Score 1 1 (7.1) 7 (50.0)

Score 2 7 (50.0) 5 (35.7) 0.0187##

Score 3 5 (35.7) 0 (0.0)

Score 4 1 (7.1) 2 (14.3)

Heparin

Score 0 0 (0.0) 1 (7.7)

Score 1 2 (15.4) 8 (61.5)

Score 2 6 (46.2) 4 (30.8) 0.0244##

Score 3 5 (38.5) 0 (0.0)

Score 4 0 (0.0) 0 (0.0)

P value## 0.8712 0.5407



10

Vol:.(1234567890)

Scientific Reports |        (2024) 14:19902  | https://doi.org/10.1038/s41598-024-70064-8

www.nature.com/scientificreports/

antithrombotic effect on lung tissue and vascularization. In the CHARLI14 randomized clinical trial for treating 
non-COVID-19 acute respiratory distress syndrome, high doses of commercial nebulized heparin did not show 
significant improvements in patients’ self-reported ability to perform daily physical activities. However, the 
treatment was well tolerated, with no adverse events reported. Exploratory results also suggested less progres-
sion and recurrence of lung injury, as well as earlier hospital discharge. Further research is needed to determine 
whether nebulized heparin can accelerate recovery in individuals with or at risk of acute respiratory distress 
syndrome. According to Ball et al. (2021)30, the CHARLI study underscores the need for further research on 
nebulized heparin in patients with COVID-19 pneumonia. In addition, DeNucci et al. (2023)31 investigated the 
safety and impact of nebulized unfractionated heparin (UFH) on mortality, length of hospitalization, and clinical 
progression in hospitalized COVID-19 patients. This randomized, open-label, parallel-group study compared 
standard-of-care therapy with standard care plus nebulized UFH. The study found that adding nebulized UFH to 
the standard treatment was well tolerated and demonstrated clinical benefits, particularly in patients who received 
at least six doses of heparin, without significant adverse events. Our study, however, employed a slightly different 
methodology, using much smaller doses of nebulized enriched heparin. It was limited to patients admitted to an 
infirmary due to characteristics specific to our health service. However, we were able to observe that pulmonary 
involvement scores via lung CT (computerized tomography) analysis indicated a substantial improvement in 
both placebo and heparin groups during hospitalization. Notably, patients receiving inhaled enriched heparin 
exhibited a significant reduction in pulmonary congestion compared to the placebo group. This discovery implies 
that enriched heparin may play an essential role in rearranging pulmonary architecture, particularly in mitigat-
ing the inflammatory process. This improvement might be attributed to the specific properties of heparins in 
inflammatory process, representing a highly significant finding in our study.

In a study by Camprubí-Rimblas et al. (2019)32, rats treated with nebulized anticoagulants exhibited reduced 
lung protein concentration. Additionally, the treatment decreased injury-induced coagulation factors (such as 
tissue factor, plasminogen activator inhibitor-1, plasminogen, and fibrinogen degradation products) and inflam-
matory markers (including tumour necrosis factor α and interleukin 1β) in the alveolar space. Importantly, 
systemic coagulation was not affected by this treatment. While our study did not directly address these specific 
outcomes, the results may align with our findings regarding safety and tomographic outcomes. It is important 
to note that our study aimed to assess the safety and explore the effectiveness of nebulized enriched heparin as 
an adjunct to standard clinical treatment for hospitalized patients with SARS-CoV-2 and moderate respiratory 
failure. Preliminary results suggest that this treatment may be a safe supplemental option, potentially reducing 
the pulmonary inflammatory process. However, further research is needed to confirm these findings and evalu-
ate its efficacy in larger studies.

Limitations
This study has some limitations that should be considered: the severity of the disease led to the early exclusion 
of some participants, which may have affected the results of certain investigated parameters; two participants 
were excluded due to early discharge, a decision made by the assisting team that did not follow the study proto-
col, interfering with the study. It is important to note that the effective mass vaccination in the city of Botucatu, 
where the study was conducted, resulted very positively in the reduction of hospitalized patients, reducing the 
number of patients who could be included in the study after August 202133.

Conclusion
The administration of inhaled enriched heparin for treating SARS-CoV-2 has demonstrated its safety, as indicated 
by the absence of significant changes in coagulation parameters or any haemorrhagic adverse events. Noteworthy 
therapeutic effects were also observed, including a significant reduction in the need for supplemental oxygen 
therapy and an early, significant increase in the PaO2/FiO2 ratio.
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