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Combination therapy with methylprednisolone and
rivaroxaban for mild COVID-19 in Vietham: laboratory and

clinical insights

Kombinationstherapie mit Methylprednisolon und Rivaroxaban bei
leichtem Covid-19 in Vietnam: Erkenntnisse aus Labor und Klinik

Abstract

Objective: To assess the efficacy and safety of methylprednisolone
combined with rivaroxaban versus rivaroxaban monotherapy in mild
cases of COVID-19.

Methods: This quasi-experimental study was conducted at three
hospitals in Ho Chi Minh City, Vietnam, from September 2021 to March
2022. Patients received either rivaroxaban 10 mg/day (Regimen 1) or
methylprednisolone 16 mg/day plus rivaroxaban 10 mg/day (Regimen
2) for 7 days. Outcomes included progression to severe disease, adverse
events, and changes in clinical and laboratory parameters. Statistical
analysis employed Fisher's exact test and Generalized Estimating
Equations (GEE).

Results: Among 108 patients, no progression to severe disease or
deaths occurred. Regimen 2 significantly improved laboratory markers,
including white blood cell counts (+0.290; p<0.001), platelet counts
(+0.102; p=0.032), aspartate aminotransferase (+0.335; p=0.013),
alanine aminotransferase (+0.397; p=0.006) and CD4 cells (+0.458;
p<0.001), and reduced activated partial thromboplastin time (-0.083;
p=0.003) compared to Regimen 1. No significant differences in clinical
symptoms were observed. Adverse events were rare, with one non-seri-
ous event reported in Regimen 1.

Conclusion: Combination therapy with methylprednisolone and riva-
roxaban enhanced immune and coagulation parameters without increas-
ing adverse events. These findings suggest potential benefits of early
intervention in mild COVID-19, warranting further research.

Keywords: COVID-19, Methylprednisolone, Rivaroxaban, mild disease,
combination therapy

Zusammenfassung

Zielsetzung: Bewertung der Wirksamkeit und Sicherheit von Methylpred-
nisolon in Kombination mit Rivaroxaban im Vergleich zur Monotherapie
mit Rivaroxaban bei Patienten mit leichter COVID-19.

Methode: Die quasi-experimentelle Studie wurde in drei Krankenhausern
in Ho-Chi-Minh-Stadt, Vietnam, von September 2021 bis Marz 2022
durchgefuhrt. Die Patienten erhielten entweder Rivaroxaban 10 mg/d
(Schema 1) oder Methylprednisolon 16 mg/d plus Rivaroxaban 10 mg/d
(Schema 2) flir 7 d. Erfasst wurden das Fortschreiten der Krankheit,
unerwunschte Ereignisse und Veranderungen der klinischen und Labor-
parameter. Zur statistischen Analyse wurden der Fisher’s exact test und
Generalisierte Schatzgleichungen (GEE) verwendet.

Ergebnisse: Bei 108 Patienten kam es weder zu einem Fortschreiten
der Krankheit noch zu Todesfallen. Schema 2 verbesserte signifikant
die Labormarker einschlieflich Anzahl der Leukozyten (+0,290;
p<0,001) Thrombozyten (+0,102; p=0,032) und CD4 Zellen (+0,458;
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p<0,001), Anstieg der Aspart-Aminotransferase (+0,335; p=0,013) und
der Alanin-Aminotransferase (+0,397; p=0,006) und senkte die aktivier-
te partielle Thromboplastinzeit (-0,083; p=0,003) im Vergleich zu
Schema 1. Es wurden keine signifikanten Unterschiede bei den klini-
schen Symptomen beobachtet. Unerwiinschte Ereignisse waren selten
mit einem nicht schwerwiegenden Ereignis, das fur Schema 1 gemeldet

wurde.

Schlussfolgerung: Die Kombinationstherapie mit Methylprednisolon
und Rivaroxaban verbesserte die Immun- und Gerinnungsparameter,
ohne die Zahl unerwinschter Ereignisse zu erhéhen. Diese Ergebnisse
deuten auf einen potenziellen Nutzen der friihzeitigen Intervention bei
leichter COVID-19 hin und rechtfertigen weitere Untersuchungen.

Schliisselworter: COVID-19, Methylprednisolon, Rivaroxaban,

Verbesserung Krankheitsverlauf, Kombinationstherapie

Introduction

In July 2021, Vietnam’s Ministry of Health issued decision
No. 3416/QD-BYT, updating COVID-19 treatment proto-
cols to include low-molecular-weight heparin (LMWH) and
dexamethasone for patients experiencing respiratory
distress. These drugs, particularly corticosteroids and
anticoagulants, have shown promising results. However,
the scientific validation of these therapies remains an
ongoing challenge, particularly in patients with mild cases
of COVID-19.

The RECOVERY trial demonstrated that dexamethasone
reduced 28-day mortality in patients requiring respiratory
support, but offered no benefit to those not on supple-
mental oxygen. The trial utilized a dose equivalent to
32 mg of methylprednisolone daily. Subsequent studies
suggested that methylprednisolone might confer superior
benefits in reducing mortality compared to dexameth-
asone [1], [2]. Based on this evidence, low-dose methyl-
prednisolone has been proposed as a treatment option
for mild COVID-19 patients. Rivaroxaban, a highly selective
direct factor XA (FXa) inhibitor, has been widely used since
2008 for venous thromboembolism (VTE) prophylaxis in
post-surgical patients. It involves inhibiting free FXa, FXa
within the prothrombinase complex, and clot-bound FXa
without directly affecting platelet aggregation [3].
Vietnam faces significant challenges in managing
COVID-19 due to shortages of medical personnel and
critical care resources, particularly at tertiary hospitals.
These limitations necessitate the use of effective phar-
macological interventions to prevent disease progression.
This study seeks to evaluate the clinical and laboratory
efficacy of a combined methylprednisolone and riva-
roxaban regimen in mild COVID-19 patients. This study
aims to address two key objectives:

1. To compare the rate of progression to severe disease
and the incidence of adverse effects in mild COVID-19
patients treated with methylprednisolone and riva-
roxaban versus rivaroxaban monotherapy.

2. To evaluate changes in clinical symptoms and labora-
tory parameters between the two treatment groups.

Method
Study design

The study was conducted as quasi-experimental, open-
label study at three hospitals: Hoan My Thu Duc Hospital,
Hoan My Van Phuc 1 Hospital, and Hoan My Van Phuc 2
Hospital, all located in Ho Chi Minh City, Vietnam. The
study was conducted in the period from September 2021
to March 2022, concluding when the required sample
size was reached.

The sample size was calculated using a formula for
comparing two proportions. Based on the expected differ-
ences in the progression rate to severe disease between
treatment groups, a total sample size of 103 participants
was estimated. The specific formula used for the calcula-
tion was:

(Zy—ajp+ Z1-5)* - (m1(1 = p1) + p2(1 — p2))
(p1 — p2)?
Where Z1_q/2 represents the critical value for a two-sided

test (6=0.05), Z1-g accounts for 80% power, and p1 and
p2 are the expected proportions in each group.
Participants were assigned to one of two treatment regi-
mens by doctors following national guidelines:

* Regimen 1 (Control Group): Rivaroxaban (Xarelto)
10 mg once daily for 7 days.

* Regimen 2 (Experimental Group): Methylprednisolone
(Medrol) 16 mg once daily for 7 days, combined with
Rivaroxaban 10 mg once daily for 7 days.

Supportive medications such as paracetamol, eucalyptus
cough syrup, and vitamins permitted by the Ministry of
Health were allowed, while nonsteroidal anti-inflammatory
drugs (NSAIDs) were avoided to minimize confounding
effects.

Participants

Eligible participants were adult patients (aged
18-65 years) diagnosed with mild COVID-19 according
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to the Ministry of Health guidelines as of September
2021. Inclusion criteria included:

* Positive SARS-CoV-2 RT-PCR test,
* Meeting hospitalization criteria with SpO, 296% and
respiratory rate <20 breaths/minute.

Exclusion criteria included:

* Receipt of antiviral, anti-inflammatory, or anticoagulant
treatment before hospital admission,

¢ moderate, severe, or critical COVID-19 cases as per
Ministry of Health guidelines,

¢ history of allergies to methylprednisolone, hydro-
cortisone, dexamethasone, or excipients.

* epilepsy or bleeding disorders (e.g., bleeding ulcers
within the past 3 months, subcutaneous or mucosal
bleeding),

* renal failure (glomerular filtration rat e<30 mL/minute)
or liver failure,

* diagnosed immune disorders or ongoing corticosteroid
treatment,

* radiotherapy or pregnancy,

¢ refusal to provide informed consent.

Variables and data collection

Data recorded at admission and during hospitalization
collected included patient demographics, medical history,
comorbidities, medication use, symptom onset, admission
symptoms, SpO,, and laboratory test results (WBC, PLT,
AST, ALT, CD4, APTT).

Statistical analysis

The data were analyzed using Stata 17.0, with results
presented according to statistical standards for biomed-
ical research. Continuous variables, such as age, body
mass index (BMI), symptom onset-to-treatment interval,
and laboratory parameters, were summarized as means
and standard deviations (SD), while categorical variables,
such as gender, vaccination status, and adverse events,
were reported as absolute frequencies and percentages.
Statistical significance was defined as p<0.05, with all
tests two-tailed. To compare baseline characteristics
between the two treatment groups, independent sample
t-tests were used for continuous variables, and chi-square
tests were applied for categorical variables, as shown in
Table 1. Fisher's exact test was substituted when the
assumptions of the chi-square test were not met.

For the first study objective, adverse event rates were
analyzed using chi-square tests to determine differences
between the regimens (Table 2). For the second objective,
changes in clinical symptoms over time were evaluated
using Generalized Estimating Equations (GEE) models,
as detailed in Table 3. Univariate GEE models were used
to assess the time-dependent effect of treatment regi-
mens, while multivariate GEE models adjusted for poten-
tial confounders, including age, sex, vaccination status,
baseline symptoms, and days from symptom onset to
treatment. Laboratory parameters, including immune and

coagulation indices, were analyzed to compare the two
regimens (Table 4). Changes in white blood cell (WBC)
count, platelet (PLT) count, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), activated partial
thromboplastin time (APTT), and CD4 counts were as-
sessed using GEE models, which account for repeated
measurements within individuals and adjust for relevant
covariates. The GEE models used an exchangeable
working correlation structure, assuming equal correlation
between repeated measures within each subject. Regres-
sion coefficients (B) from these models represented the
estimated change in the outcome variable associated
with the treatment regimen, adjusted for other variables.
For example: A positive beta coefficient (B>0) indicates
an increase in the outcome variable (e.g., WBC count) for
the experimental group (Regimen 2) compared to the
control group (Regimen 1). A negative beta coefficient
(B<0) indicates a decrease in the outcome variable (e.g.,
APTT) for the experimental group compared to the control
group (Regimen 1). The magnitude of B reflects the
strength of the effect. For instance, 3=+0.290 for WBC
count (p<0.001) in the experimental group signifies an
average increase of 0.290 G/L compared to the control
group, after controlling for confounding factors. Confi-
dence intervals (Cl) for B coefficients were calculated to
assess precision, and p-values indicated whether changes
were statistically significant. For instance, an APTT beta
coefficient of -0.083 (95% Cl: -0.137 to -0.028,
p=0.003) for the experimental group indicates a statisti-
cally significant reduction in APTT compared to the control

group.

Results

108 participants were surveyed in August 2021: 49 par-
ticipants received regimen 1 and the remaining 59 others
were assigned regimen 2. Table 1 summarizes the
demographic and clinical characteristics of the parti-
cipants. The mean age was 33.2 years (SD 11.43), and
the majority of participants were male (60.9%). The most
common admission symptoms were dry cough (43.9%),
muscle pain (21.4%), and fever >38.5°C (20.4%). Most
participants had received one dose of a COVID-19 vaccine
(46.3%).

Table 2 addresses the first study objective, focusing on
the comparison of adverse events between the two
treatment groups. The results demonstrate no statistically
significant difference in the occurrence of adverse events
between Regimen 1 (Rivaroxaban monotherapy) and
Regimen 2 (Methylprednisolone plus Rivaroxaban). Spe-
cifically, only one participant in the monotherapy group
experienced a non-serious adverse event related to
Rivaroxaban, while no adverse events were reported in
the combination therapy group. The p-value derived from
Fisher’'s exact test (p=0.270) indicates that the observed
difference in adverse event rates between the groups is
not statistically significant.
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Table 1: Demographic characteristics, admission symptoms, underlying diseases, and treatment outcomes of participants

Characteristic Rivaroxaban Methylprednisolone Total p-value

10mg/day 16mg/day and rivaroxaban (n=108)

(n=49) 10mg/day
(n=59)

Gender
Male 27 (54.0) 40 (66.6) 67 (60.9) 0.246
Female 23 (46.0) 20 (33.3) 43 (39.1)
Age,y* 38.1;12.7 29.2;8.43 33.17;11.43 <0.001 **
Study sites (hospital)
Hoan My Thu Duc 15 (30.61) 17 (28.81) 32 (29.6) 0.831
Van Phuc 1 0 1(1.69) 1(0.93)
Van Phuc 2 34 (69.39) 41 (69.49) 75 (69.44)
Missing 1(2.04) 1(1.69) 2(1.80)
COVID-19 vaccination
Not received 18 (36.73) 9 (32.20) 7 (34.26) 0.929
1 Dose 21 (42.86) 9 (49.15) 0 (46.30)
2 Doses 10 (20.41) 1(18.64) 1(19.44)
Missing 1(2.04) 1(1.69) 2(1.80)
BMI (kg/m?)* 22.61 (2.04) 22.39 (2.43) 22.49 (2.25) 0.643 **
Prior treatment (yes) 2 (4.08) 1(1.72) 3(2.77) 0.070
Admission symptoms
Fever > 38.5°C 11 (24.44) 9(16.98) 20 (20.41) 0.806
Dry cough 20 (44.44) 3 (43.40) 43 (43.88)
Sore throat 17 (37.78) 9 (35.85) 36 (36.73)
Headache 6 (13.33) 3 (24.53) 9(19.39)
Muscle pain 8(17.78) 3 (24.53) 21 (21.43)
Loss of taste 1(2.22) 4 (7.55) 5(5.10)
Loss of smell 4 (8.89) 7(13.21) 11 (11.22)
Nasal congestion/runny 12 (26.67) 22 (41.51) 34 (34.69)
nose
Nausea/vomiting 0 1(1.89) 1(1.02)
Diarrhea 0 1(1.89) 1(1.02)
Underlying diseases
None 43 (87.76) 54 (91.53) 97 (89.81) 0.610
Diabetes 1(2.04) 2(3.39) 3(2.78)
Hypertension 3(6.12) 3 (5.08) 6 (5.56)
Others 2 (4.08) 0 2(1.85)
Missing 1(2.04) 1(1.69) 2(1.80)
Days from onset of 2.5(1.71) 2.13 (1.95) 2.30 (1.85) 0.289 **
symptoms to treatment
initiation* (days)
Treatment outcome
Response to treatment 49 (100) 58 (98.3) 107 (99.0) NA
Deterioration 0 0 0
Missing 0 1(1.69) 1(1.0)
Treatment outcome at 28
days
Survival 44 (89) 55 (93.2) 99 (91.66) NA
Death 0 0 0
Missing 5(1) 4(6.7) 9(8.33)

* Mean; SD. ** t-test
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Table 2: Adverse effects when using medication according to the study protocol

Characteristic Rivaroxaban 10mg | Methylprednisolone 16mg Total P-value
(n=49) and rivaroxaban 10mg (n=108)
(n=59)
Adverse effects of 0.453
Rivaroxaban 10mg.
No 48 (97.02) 59 (100.0) 107
Yes 1(2.08) 0 1

Table 3: Comparison of changes in clinical symptoms between the two regimens (n=108)

Clinical symptoms p-value p-value
(GEE univariate) | (GEE multivariable)
Body temperature (in °C) 0.166 0.163
Heart rate (in beats per minute) 0.445 0.769
Systolic blood pressure (mmHg) 0.797 0.743
Diastolic blood pressure (mmHg) 0.364 0.266
Respiratory rate (in breaths per minute) 0.316 0.611
Oxygen saturation (SpO2) (%) 0.700 0.890

Changes in clinical symptoms between the two groups,
analyzed using the Generalized Estimating Equations
(GEE) model, are presented in Table 3. No significant
differences were observed between the groups for body
temperature, respiratory rate, SpO,, heart rate, or blood
pressure after adjusting for confounders such as age,
sex, vaccination status, and baseline symptoms.

On the 7" day, patients in Regimen 2 had significantly
higher white blood cell (WBC) counts (10.49+3.18) than
did those in Regimen 1 (7.1+2.12), indicating an en-
hanced immune response. Similarly, platelet (PLT)
levels were elevated in Regimen 2 (279.17+64.2 vs.
257.12+66.8), suggesting better coagulation support.
Liver enzyme levels were also higher in Regimen 2, with
AST at 30.31+20.41 and ALT at 32.66+23.62 compared
to 28.74+17.95 and 24.9+17.59 in Regimen 1, respec-
tively. This mild increase may reflect hepatic stress or
metabolic activation associated with the combination
therapy. Immune function, as measured by CD4 counts,
showed substantial improvement in Regimen 2
(1270.36+470.33 vs. 1016.07+334.08 in Regimen 1),
indicating better preservation or recovery of immune
competence. Furthermore, activated partial throm-
boplastin time (APTT) was significantly lower in Regimen
2 (35.37+6.87 vs. 41.36+9.73), reflecting improved co-
agulation balance.

Table 5 shows the changes in blood biochemical parame-
ters over time from admission to 28 days post-treatment.
In the univariate GEE model, patients receiving regimen
2 had lower D-dimer levels and higher CD8 levels com-
pared to those receiving regimen 1, but these differences
were not statistically significant in the multivariate model.
Improvements in laboratory parameters were observed
across both groups, with significant differences favoring
the combination therapy group (Regimen 2) (Table 4).
Patients in Regimen 2 had higher WBC levels (+0.290;
95% Cl 0.148 to 0.432; p<0.001), PLT levels (+0.102;

95% Cl 0.008 to 0.195; p=0.032), AST levels (+0.335;
95% CI 0.070 to 0.599; p=0.013), ALT levels (+0.397;
95% Cl 0.115 to 0.680; p=0.006), and CD4 counts
(+0.458; 95% CI 0.259 to 0.656; p<0.001). APTT levels
were lower in the combination therapy group (-0.083;
95% Cl -0.137 to -0.028; p=0.003). Patients receiving
regimen 2 (combined regimen) had lower APTT levels by
-0.083 (-0.137; -0.028) with p-value=0.003 compared
to patients receiving regimen 1 (monotherapy).

Discussion

While no patients in either group progressed to severe
disease or experienced significant adverse events, the
combination therapy group demonstrated notable improve-
ments in several laboratory parameters. Specifically, pa-
tients receiving methylprednisolone and rivaroxaban had
significantly higher WBC, PLT, CD4 levels, AST and ALT,
alongside reduced APTT compared to the monotherapy
group. However, there were no statistically significant
differences in clinical symptom improvement or in the
multivariate analysis of D-dimer and CD8 levels, suggest-
ing that the observed laboratory changes may not fully
translate into short-term clinical benefits. Further investi-
gation is warranted to assess the long-term implications
of these findings.

Our results align with the RECOVERY trial, which demon-
strated the efficacy of dexamethasone in reducing 28-day
mortality among COVID-19 patients requiring oxygen or
mechanical ventilation, though benefits were not ob-
served in those without respiratory support [4]. Similarly,
Ranjbar et al. [5] found that methylprednisolone outper-
formed dexamethasone in reducing inflammation and
mortality in hospitalized COVID-19 patients.

The anticoagulant properties of rivaroxaban offer an ad-
ditional therapeutic advantage in managing COVID-19.
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Table 4: The characteristics of the laboratory indices of the patients in the two regimens on the admission day and on the 7"

treatment day (n=108).

Test indices

Admission day (Mean, SD)

7th day of treatment (Mean, SD)

Regimen 1 | Regimen 2 Both Regimen 1 | Regimen 2 Both
(n=49) (n=59) | (n=108) | (n=49) (n=59) | (n=108)
RT — PCR SARS CoV-2 16.02 16.34 16.2 21.72 20.02 20.78
(CT value) (4.41) 3.83) | (4.08) (11) (12.16) | (11.61)
Blood test
6.8 6.99 6.91 74 10.49 8.93
WBC (G1L) (1.92) (196) | (193 | (12 3.18) | (3.22)
NEU (%) 58.92 56.42 57.55 5154 58.01 55.02
o (15.59) (13.61) | (1453) | (10.17) (11.94) | (11.56)
LYM %) 28.6 30.65 29.72 34.75 31.97 33.26
b (12.43) (1329) | (12.89) | (8.86) 848) | (873)
492 496 4.94 5.02 5.01 5.01
RBC (GIL) (0.59) (0.51) (0.55) (0.71) 053) | (062)
Hb (@/dL) 139.82 14104 | 14049 | 142.05 14138 | 141.68
g (15.87) (22.45) | (19.66) (16) (23.92) | (20.58)
Het (%) 4243 4364 43.09 4277 4368 4326
b (4.66) (4.5) 459) | (4.88) @461) | (473)
PLT (OIL) 229.9 2321 | 23111 | 25712 27917 | 269.01
(53.37) (58.58) | (56.05) | (66.8) (64.2) | (65.97)
. 176.43 13487 | 15372 | 131.19 11093 | 120.36
D-Dimer (ng/mL.) (131.1) (106.07) | (119.33) | (75.56) (53.05) | (64.91)
Coagulation indices
16.89 214 19.4 15.04 26.09 20.82
PT (second) (16.99) (32.44) | @67) | (1069) (51.64) | (38.27)
38.35 38.33 38.34 4136 35.37 38.26
APTT (second) (8.27) ©74) | ©@o7r) | (9.73) ©.87) | (8.85)
272 282 278 2.81 269 274
FIB (mg/dL) (0.66) ©069) | ©67) | (1.18) 065 | (0.92)
NR 1.07 1.09 1.08 129 105 147
(0.17) (0.22) (0.2) (1.23) (0.14) | (0.86)
Biochemistry Blood Test
7.12 6.97 7.04 6.07 217 3.97
CRP (mg/dL) (7.83) ©97) | (9.03) | (12.11) 4.16) | (8.94)
Glucoss (mg/dL) 6.2 554 5.84 5.61 523 5.41
g (3.18) (135) | (237) | (1.37) (113) | (1.25)
3.76 437 411 407 547 483
BUN (mg/dL) (1.43) 256) | @16) | (1.37) (5.44) | (4.14)
Creatini (mg/dL) 72.26 7153 71.86 69.96 68.36 69.11
g (14.6) (1538) | (14.96) | (14.4) (14.49) | (14.39)
24.56 30.52 27.77 28.74 30.31 29.56
AST (SGOT) (UIL) (11.72) @21.41) | 17.78) | (17.95) (20.41) | (19.19)
2524 31.02 28.4 24.9 32.66 28.91
ALT (SGPT) (ULL) (16.94) 2253) | (203) | (17.59) (2362) | (21.17)
N 319.57 29671 | 30729 | 39117 34054 | 363.61
Ferritin (ng/ml) (271.04) | (254.48) |(261.29)| (373.38) | (270.23) | (320.44)
coa 624 69823 | 656.17 | 101607 | 127036 | 1127.96
(18343) | (273.96) | (225.87)| (334.08) | (470.33) | (411.36)
o8 43547 46538 | 44843 | 73243 82164 | 77168
(206.68) | (260.73) | (227.87)| (358.32) | (314.24) | (335.76)
6 172.95 98.19 1328 64.31 6134 62.76
(454.16) | (210.94) | (345.78)| (166.23) | (114.41) |(140.74)
s 129.62 12276 | 125.93 99.1 10734 | 1034
(42.82) (38.27) | (404) | (34.25) (33.31) | (33.83)
o 38.51 34.56 36.39 25.7 26.72 26.23
(17.72) (13.74) | (1576) | (12.75) 854) | (10.71)
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Table 5: Comparison of changes of paraclinical indicators in study participants, univariate and multivariate GEE models up to
28 days (n=108)

GEE univariate GEE multivariable *
Test indexes
B (KCT 95%) p-value B (KCT 95%) p-value
RT — PCR SARS CoV—2 —0.031 (-0.135t0 0.072) 0.556 0.003 (-0.131 to 0.138) 0.959
(CT value)
Blood test
WBC (G/L) 0.256 (0.123 to 0.389) <0.001 0.290 (0.148 to 0.432) <0.001
NEU (%) 0.042 (-0.027 t0 0.112) 0.231 0.012 (-0.070 to 0.095) 0.765
LYM (%) —0.025 (-0.121 to 0.070) 0.603 0.005 (-0.106 to 0.118) 0.919
RBC (G/L) 0.009 (-0.034 to 0.052) 0.684 —0.006 (0.047 to 0.033) 0.743
Hb (g/dL) 0.010 (—0.040 to 0.060) 0.689 0.004 (-0.038 to 0.477) 0.830
Hct (%) 0.028 (-0.011 to 0.068) 0.163 0.007 (-0.021 to 0.036) 0.619
PLT (GIL) 0.032 (-0.055 t0 0.119) 0.473 0.102 (0.008 to 0.195) 0.032
D-Dimer (ng/mL) —0.288 (-0.517 to — 0.059) 0.014 | -0.094 (-0.322 10 0.134) 0.418
Coagulation indices
PT (second) 0.283 (-0.228 t0 0.795) 0.278 0.119 (-0.287 to 0.527) 0.564
APTT (second) —0.061 (—0.123 to 0.001) 0.050 —0.0830(3(;.; 37 to - 0.003
-028)
FIB (mg/dL) 0.028 (-0.050 to 0.107) 0.483 0.039 (-0.066 to 0.145) 0.465
INR —0.067 (-0.175 to 0.040) 0.221 —0.091 (—0.233 to 0.050) 0.206
Biochemistry Blood Test
CRP (mg/dL) —0.324 (-0.744 to0 0.095) 0.130 |-0.315(-0.724 t0 0.093) 0.130
Glucose (mg/dL) —0.079 (-0.181 to 0.022) 0.125 | -0.094 (-0.191 to 0.002) 0.057
BUN (mg/dL) 0.146 (-0.067 to 0.361) 0.179 0.038 (-0.186 to 0.262) 0.739
Creatinin (mg/dL) —0.008 (-0.079 to 0.062) 0.811 —0.045 (—0.108 to 0.017) 0.154
AST (SGOT) (U/L) 0.238 (0.012 to 0.464) 0.038 0.335 (0.070 to 0.599) 0.013
ALT (SGPT) (U/L) 0.217 (-0.036 to 0.472) 0.093 0.397 (0.115 to 0.680) 0.006
Ferritin (ng/ml) 0.073 (-0.222 to 0.368) 0.627 0.100 (-0.181 to 0.383) 0.484
CD4 0.229 (0.037 to 0.421) 0.019 0.458 (0.259 to 0.656) <0.001
CcDS8 0.370 (0.140 to 0.601) 0.002 0.121 (-0.214 to 0.457) 0.478
IL-6 0.144 (-0.708 to 0.997) 0.740 —0.063 (-0.950 to 0.823) 0.888
C3 0.046 (—0.044 to 0.137) 0.316 0.069 (-0.018 to 0.158) 0.122
c4 —0.073 (-0.200 to 0.054) 0.261 —0.048 (—0.194 to 0.968) 0.512

* Variables: age, gender, delayed treatment date, number of COVID-19 vaccine doses, symptoms at admission,

and underlying diseases.

COVID-19-associated coagulopathy, characterized by el-
evated D-dimer levels and an increased risk of throm-
boembolic events, remains a critical complication. Inter-
estingly, while several studies have demonstrated that
anticoagulants like rivaroxaban reduce the risk of
thrombosis and mortality in severe cases, others, such
as the COVID-PREVENT trial, reported no significant clin-
ical improvements or reductions in thrombotic risk asso-
ciated with rivaroxaban [6]. We provide evidence of
rivaroxaban’s short-term thrombosis-reducing effects

when combined with methylprednisolone, as reflected by
improved coagulation parameters, including lower APTT,
in the combination therapy group. However, previous
studies that refuted rivaroxaban’s thrombotic benefits
may have been affected by significant selection bias due
to high loss-to-follow-up rates [7]. In contrast, our study
experienced minimal loss to follow-up during the obser-
vation period, thereby providing more robust evidence.
Thus, the observed reduction in thrombotic risk with
rivaroxaban, as supported by laboratory parameter im-
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provements rather than direct clinical outcomes, appears
biologically plausible. Nonetheless, further studies are
warranted to confirm these findings and to explore the
long-term clinical implications of rivaroxaban in COVID-19
management.

Corticosteroids play a critical role in managing inflamma-
tion by inhibiting cytokine production, thereby exerting
potent anti-inflammatory effects. Their use extends be-
yond intensive care unit (ICU) patients; studies have
demonstrated that administering steroids to non-ICU
COVID-19 patients is associated with reduced rates of
ICU admission, intubation, and mortality [8]. Among cor-
ticosteroids, methylprednisolone and dexamethasone
have been widely utilized, with evidence showing im-
proved outcomes for hospitalized COVID-19 patients [5].
Previous research has underscored the efficacy of cor-
ticosteroids in reducing mortality in COVID-19 patients
requiring oxygen therapy or mechanical ventilation within
28 days, with a pooled odds ratio (OR) of 0.66 (95% ClI:
0.53-0.82; p<0.001). Despite this, mortality remains
significant at 32.7% in these populations [8]. An observa-
tional study on non-severe COVID-19 patients found that
the combination of corticosteroids (equivalent to 1.25
mg/kg/24 hours of prednisolone) and furosemide (80
mg/day) administered within four days of symptom onset
reduced the need for mechanical ventilation and overall
mortality (OR: 0.35; 95% CI: 0.11-1.01; p=0.04) [9].
Similarly, a study by Canaan et al. [10] investigated 121
mechanically ventilated ICU patients with COVID-19. Al-
though the methylprednisolone group had lower in-hos-
pital mortality rates (p=0.381) and shorter hospital stays
(p=0.307) compared to the dexamethasone group, these
differences were not statistically significant. Survival
analysis and Cox proportional regression models also in-
dicated lower, albeit not significant, in-hospital mortality
in the methylprednisolone group (HR: 0.64; 95% CI:
0.35-3.17).

In our study, conducted over a 30-day follow-up period,
no deaths or progression to severe disease were observed
in either treatment regimen. Laboratory findings revealed
that patients receiving Regimen 2 (methylprednisolone
plus rivaroxaban) exhibited superior immune and coagu-
lation profiles compared to Regimen 1 (rivaroxaban
monotherapy). Univariate analysis showed lower D-dimer
levels and higher CD8 counts in the combination group,
although these differences were not statistically signifi-
cant in the multivariate model. Regimen 2 significantly
improved WBC levels (+0.290; 95% Cl: 0.148-0.432;
p<0.001), platelet (PLT) counts (+0.102; 95% CI:
0.008-0.195; p=0.032), AST) levels (+0.335; 95% ClI:
0.070-0.599; p=0.013), ALT levels (+0.397; 95% CI:
0.115-0.680; p=0.006), and CD4 counts (+0.458; 95%
Cl: 0.259-0.656; p<0.001). Additionally, APTT was signi-
ficantly lower in Regimen 2 (-0.083; 95% CI: -0.137 to
-0.028; p=0.003). Across both regimens, laboratory
parameters improved regardless of treatment group.
Among the study participants, the majority were male
(60.9%), and nearly half had received one dose of the
COVID-19 vaccine (46.30%). The most frequently reported

admission symptoms included cough (43.88%), muscle
pain (21.43%), and fever >38.5°C (20.41%). No parti-
cipants progressed to severe disease, and no deaths
occurred after 28 days of follow-up.

Limitations

Despite these promising results, the study has limitations.
The quasi-experimental design lacks the rigor of random-
ized controlled trials (RCTs), and the short follow-up
period limits the ability to assess long-term outcomes
such as post-COVID sequelae. Moreover, the study ex-
cluded high-risk groups, such as patients with comorbidi-
ties or severe disease, which may restrict the generaliz-
ability of the findings. Future RCTs with larger, more di-
verse populations and extended follow-up periods are
needed to validate these results and explore the broader
clinical implications of this combination therapy.

Strengths

The study has several strengths, including its focus on a
practical and scalable treatment approach for mild
COVID-19, addressing a critical gap in preventing disease
progression, particularly in resource-limited settings. It
compares combination therapy (methylprednisolone and
rivaroxaban) with monotherapy, offering valuable insights
into managing the inflammatory and thrombotic aspects
of COVID-19. The detailed analysis of laboratory parame-
ters provides mechanistic understanding, while the well-
defined patient cohort minimizes variability, enhancing
internal validity. Conducted in real-world clinical settings,
the findings are highly applicable to routine healthcare.

Clinical Applications

The study highlights the potential of combining methyl-
prednisolone and rivaroxaban as an effective treatment
for mild COVID-19. The regimen addresses key inflamma-
tory and thrombotic components, with improved labora-
tory parameters such as higher WBC, PLT, and CD4 levels,
and reduced APTT, indicating enhanced immune modula-
tion and anticoagulation. Importantly, no patients pro-
gressed to severe disease, emphasizing the role of early
intervention in preventing complications. The therapy of-
fers a practical, scalable option for resource-limited set-
tings, reducing the burden on healthcare systems. These
findings provide a basis for revising treatment protocols
and conducting further research to validate its broader
clinical use.

Conclusion

The study investigated methylprednisolone combined
with rivaroxaban versus rivaroxaban monotherapy in
treating mild COVID-19. None of the 108 participants
progressed to severe disease post-treatment. While ad-
verse effects were rare, the combined regimen (Re-
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gimen 2) showed significantly higher WBC, platelets, AST,
ALT, and CD4 levels, alongside with lower APTT levels
compared to monotherapy (Regimen 1). There were no
significant differences in clinical symptoms between
groups. Laboratory parameters improved regardless of
the regimen, with no significant differences in D-dimer
and CD8 levels in multivariate analysis. Further research
is needed to validate these findings.

Notes
Author’s ORCID

* Nguyen Thien M: 0009-0003-1090-6228

Ethical approval

The study was approved by the Ethics Committee for
Biomedical Research of Hoan My Medical Corporation in
August 18", 2021, No. 23/2021/GCN-HDDD-HM. All pa-
tients provided written informed consent after being fully
briefed on the study objectives, medications, and poten-
tial risks. Participants were assured that withdrawal from
the study would not affect their standard care. Patient
confidentiality was strictly maintained, with all data used
solely for research purposes. Clinical examinations and
laboratory tests were conducted per Ministry of Health
guidelines.

Funding

This work was supported by Hoan My Medical Group,
Vietnam, grant number 11/2021/HM-GFR.

Competing interests

The authors declare that they have no competing in-
terests.

References

1. Sreedharan J, Nair SC, Muttappallymyalil J, Gopakumar A, Eapen
NT, Satish KP, Manda V. Case fatality rates of COVID-19 across
the globe: are the current draconian measures justified? Z
Gesundh Wiss. 2022;30(11):2575-83. DOI: 10.1007,/s10389-
021-01491-4

2. Gebremeskel GG, Tadesse DB, Haile TG. Mortality and morbidity
in critically ill COVID-19 patients: A systematic review and meta-
analysis. J Infect Public Health. 2024 Oct;17(10):102533. DOI:
10.1016/j.jiph.2024.102533

3. Ko JJ, Wu C, Mehta N, Wald-Dickler N, Yang W, Qiao R. A
Comparison of Methylprednisolone and Dexamethasone in
Intensive Care Patients With COVID-19. J Intensive Care Med.
2021 Jun;36(6):673-80. DOI: 10.1177,/0885066621994057

4. RECOVERY Collaborative Group; Horby P, Lim WS, Emberson JR,
Mafham M, Bell JL, Linsell L, Staplin N, Brightling C, Ustianowski
A, EImahi E, Prudon B, Green C, Felton T, Chadwick D, Rege K,
Fegan C, Chappell LC, Faust SN, Jaki T, Jeffery K, Montgomery
A, Rowan K, Juszczak E, Baillie JK, Haynes R, Landray MJ.
Dexamethasone in Hospitalized Patients with Covid-19. N Engl
J Med. 2021 Feb 25;384(8):693-704. DOI:
10.1056/NEJM0a2021436

5. Xu X, Han M, Li T, Sun W, Wang D, Fu B, Zhou Y, Zheng X, Yang
Y, Li X, Zhang X, Pan A, Wei H. Effective treatment of severe
COVID-19 patients with tocilizumab. Proc Natl Acad Sci U S A.
2020 May 19;117(20):10970-5. DOI:
10.1073/pnas.2005615117

6. Rauch-Kréhnert U, Puccini M, Placzek M, Beyer-Westendorf J,
Jakobs K, Friebel J, Hein S, Seidel M, Pieske B, Massberg S,
Witzenrath M, Zeiher A, Friede T, Anker SD, Landmesser U. Initial
therapeutic anticoagulation with rivaroxaban compared to
prophylactic therapy with heparins in moderate to severe COVID-
19: results of the COVID-PREVENT randomized controlled trial.
Clin Res Cardiol. 2023 Nov;112(11):1620-38. DOI:
10.1007/s00392-023-02240-1

7. Piazza G, Spyropoulos AC, Hsia J, Goldin M, Towner WJ, Go AS,
Bull TM, Weng S, Lipardi C, Barnathan ES, Bonaca MP; PREVENT-
HD Investigators. Rivaroxaban for Prevention of Thrombotic
Events, Hospitalization, and Death in Outpatients With COVID-
19: A Randomized Clinical Trial. Circulation. 2023 Jun
20;147(25):1891-901. DOI:
10.1161/CIRCULATIONAHA.123.063901

8. Majmundar M, Kansara T, Lenik JM, Park H, Ghosh K, Doshi R,
Shah P, Kumar A, Amin H, Chaudhari S, Habtes I. Efficacy of
corticosteroids in non-intensive care unit patients with COVID-
19 pneumonia from the New York Metropolitan region. PLoS
One. 2020 Sep 9;15(9):e0238827. DOI:
10.1371/journal.pone.0238827

9. Kevorkian JP, Riveline JP, Vandiedonck C, Girard D, Galland J,
Féron F, Gautier JF, Mégarbane B. Early short-course
corticosteroids and furosemide combination to treat non-critically
ill COVID-19 patients: An observational cohort study. J Infect.
2021 Jan;82(1):e22-e24. DOI: 10.1016/j.jinf.2020.08.045

10. Canaan M, Williams KN, Ahmed MA, Zhang Z, Ramamoorthy V,
McGranaghan P, Rubens M, Saxena A. Retrospective comparison
of hospital outcomes among mechanically ventilated COVID-19
Patients in ICU Who received methylprednisolone or
dexamethasone. BioMed. 2023;3(2):225-35. DOI:
10.3390/biomed3020020

11.  Ranjbar K, Moghadami M, Mirahmadizadeh A, Fallahi MJ, Khaloo
V, Shahriarirad R, Erfani A, Khodamoradi Z, Gholampoor Saadi
MH. Methylprednisolone or dexamethasone, which one is superior
corticosteroid in the treatment of hospitalized COVID-19 patients:
a triple-blinded randomized controlled trial. BMC Infect Dis. 2021
Apr 10;21(1):337. DOI: 10.1186/s12879-021-06045-3

12. Kvasnicka T, Malikova |, Zenahlikova Z, Kettnerova K, Brzezkova
R, Zima T, Ulrych J, Briza J, Netuka I, Kvasnicka J. Rivaroxaban
- Metabolism, Pharmacologic Properties and Drug Interactions.
Curr Drug Metab. 2017;18(7):636-42. DOI:
10.2174/1389200218666170518165443

Corresponding author:

Minh Nguyen Thien, MPH

University of Medicine and Pharmacy at Ho Chi Minh City,
Vietnam.217 Hong Bang, District 5, Ho Chi Minh city,
Vietnam, phone: +84824513626

minhnt@ump.edu.vn

GMS | (&G

GMS Hygiene and Infection Control 2025, Vol. 20, ISSN 2196-5226

9/10


https://orcid.org/0009-0003-1090-6228

Thu et al.: Combination therapy with methylprednisolone and rivaroxaban ...

Please cite as

Thu LTA, Hoang P, Nguyen T, Hoang NP, Thanh NLT, Hai TNT, Van HN,
Tuan TP, Tuyet LTT, My NNT, Thu TLT, Van TV, Thi PN, Thien MN.
Combination therapy with methylprednisolone and rivaroxaban for mild
COVID-19 in Vietnam: laboratory and clinical insights. GMS Hyg Infect
Control. 2025;20:Doc38.

DOI: 10.3205/dgkh000567, URN: urn:nbn:de:0183-dgkh0005679

This article is freely available from
https://doi.org/10.3205/dgkh000567

Published: 2025-07-09

Copyright

©2025 Thu et al. This is an Open Access article distributed under the
terms of the Creative Commons Attribution 4.0 License. See license
information at http://creativecommons.org/licenses/by/4.0/.

GMS

GMS Hygiene and Infection Control 2025, Vol. 20, ISSN 2196-5226

10/10



