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Abstract
Background  SARS-CoV-2 and influenza virus are highly contagious respiratory viruses that continuously pose 
major threats to human and public health. The high frequency of viral mutations led to the emergence of resistant 
isolates and caused virus epidemics repeatedly, emphasizing the urgent need to develop new antivirals. Taurultam is 
a metabolite of taurolidine. Moreover, taurolidine has been shown to have potent antiviral activities against multiple 
viruses and to have antiviral effects through its metabolites.

Results  In this study, we sought to determine the antiviral activities of taurultam against SARS-CoV-2 and influenza 
virus in Vero-E6, Huh7, 293T-ACE2, and MDCK cell lines and mouse infection models. The results showed that 
taurultam exhibited potent antiviral activity against multiple SARS-CoV-2 variants, influenza A (H1N1, H3N2) virus 
and influenza B virus, in vitro. Moreover, in influenza A (H1N1) virus, influenza B virus and SARS-CoV-2 infection 
models, taurultam significantly reduced viral loads, increased survival, improved mouse body weight and lung injury. 
Surprisingly, taurultam treatment not only inhibited the influenza A virus and SARS-CoV-2, but also benefited for 
therapy of mixed infection of these two viruses in vitro, demonstrating the great antiviral potential of taurultam for 
the treatment of SARS-CoV-2 and influenza virus infections.

Conclusions  Together, our findings identify taurultam as a new candidate for the treatment of SARS-CoV-2 and 
influenza virus infections, especially virus-induced lung pathology.

Clinical trial number  Not applicable.
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Background
The COVID-19 outbreak, caused by SARS-CoV-2, has 
led to a global health crisis and a rapid wave of antiviral 
drug research and development. Following virus varia-
tion and strong prevention and control measures, the 
threat from new SARS-CoV-2 strains has decreased [1]. 
Although long-term hygiene and physical distancing 
measures have prevented the spread of SARS-CoV-2 and 
other viruses, the decrease in human-specific immunity 
has led to rapid sweeping of other respiratory viruses 
across the world, such as influenza viruses, which cause 
high morbidity and mortality in winter [2, 3]. In addition, 
as the virus accumulates novel mutations, novel vari-
ants with resistance mutations may reduce the efficacy of 
existing antiviral drugs [4] and highlight more effective 
antiviral strategies, especially the development of broad-
spectrum antivirals according to conserved pathogenic 
mechanisms.

Taurolidine [5], which has antimicrobial and anti-
inflammatory properties, was originally used in perito-
nitis and catheter-related blood stream infections [6–8] 
and was proven to have broad-spectrum antiviral activi-
ties against highly pathogenic influenza A (H5N1) virus 
and SARS-CoV-2 [9]. From pharmacokinetics studies, 
we found that taurolidine has a short half-life in vivo 
and is metabolized to taurultam and taurinamide [10]. 
To determine whether taurolidine metabolites also have 
antiviral activities, taurultam was investigated in this 
study. In vitro results revealed that taurultam exhibited 
potent antiviral activity against multiple SARS-CoV-2 
variants, influenza A (H1N1, H3N2) virus and influenza 
B virus (IBV). Alternatively, taurultam treatment not only 
inhibited the influenza A virus and SARS-CoV-2 alone, 
but also benefited for therapy of mixed infection of these 
two viruses, demonstrating the great antiviral potential of 
taurultam for SARS-CoV-2 and influenza viruses.

Materials and methods
Cell lines and animals
The following cell lines were used in this study: Africa 
green monkey cells (Vero-E6), human hepatocarcinoma 
cell line (Huh7), Madin-Darby canine kidney (MDCK), 
and human embryonic kidney cell line (293T-ACE2) 
from the Chinese Academy of Agricultural Sciences. 
All the cell lines were cultured in complete Dulbecco’s 
modified Eagle’s medium (DMEM, Corning, Cat. #10–
013-CVRC) supplemented with 10% FBS (Gibco, Cat. 
#A5669801), 100 IU/mL penicillin and 100 mg/mL strep-
tomycin (Gibco, Cat. #15140122). Female BALB/c mice, 
C57BL/6 N mice (8–9 months old) and golden hamsters 
(4 weeks old) were purchased from Beijing Vital River 
Laboratory Animal Technology Co., Ltd. (Beijing, China). 
All animal experiments were performed according to the 

regulations and bioethics guidelines (approval number: 
IACUC of AMMS-11-2022-036).

Viruses
All SARS-CoV-2 isolates used in this study were pre-
served in the biosafety level 3 laboratory of the Chang-
chun Veterinary Research Institute, Chinese Academy of 
Agricultural Sciences (CAAS) and were propagated and 
titrated by TCID50 in Vero-E6 cells before use. SARS-
CoV-2/C57MA14, a mouse adapted strain, was derived 
from SARS-CoV-2/BJ01 by serial passaging in C57BL/6 N 
mice and was preserved as other SARS-CoV-2 isolates. 
The H1N1/UI182 strain, influenza B virus IBV/S9-E2 
strain and IBV/S9-MD strain were stored as previously 
described [11]. The H3N2 strain was also isolated by the 
Changchun Veterinary Research Institute. All the influ-
enza A virus strains were propagated and titrated by the 
EID50 in 11-12-day-old chicken embryos at 37 ℃ and 
influenza B virus strains were propagated and titrated 
by EID50 in 9-10-day-old chicken embryos at 33 ℃. All 
viruses were maintained and used according to biosafety 
regulations.

Drug Preparation
Taurultam and molnupiravir (also named EIDD-2801 
or MK-4482, has been used clinically for COVID-19 as 
a preferred antiviral) were gifts from Prof. Wu Zhong 
(National Engineering Research Center for the Emer-
gency Drug, Beijing, China) and were dissolved in 
phosphate buffered saline (PBS, pH 7.4) or DMEM sup-
plemented with 2% FBS before use. If the dissolution of 
molnupiravir was incomplete, a 56 ℃ thermal bath was 
used. Oseltamivir (OSTA) phosphate (for animal experi-
ments) and oseltamivir acid (for in vitro experiments) 
were purchased from MCE and were dissolved in PBS.

Drug toxicity and antiviral assay
The drug toxicity and antiviral activity of taurultam were 
measured in the Vero-E6 cell line via a CCK-8 assay. Spe-
cifically, when the cell confluence reached 70–80%, the 
cells were washed with PBS and incubated with drug 
dilutions at the corresponding concentrations or with 
virus dilutions at the indicated multiplicities of infec-
tion (MOI). For the drug toxicity assay, the cells were 
incubated with drugs for 48 h continuously, and the cell 
viability was tested. For the in vitro antiviral assay, the 
virus dilution was discarded after incubation for 1 h, and 
the cells were washed with PBS. Then, the cell culture 
medium or drug dilution was added. At 48 h post infec-
tion (hpi), cell viability was tested, and the inhibition rate 
of each drug concentration was calculated. The cytotoxic 
concentration for 50% of the cells (CC50) and the half-
maximal effective concentration (EC50) were automati-
cally calculated via curve fitting.
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Viral load determination
Two hundred microlitres of cell supernatants or super-
natants from the lysed tissues were harvested for RNA 
extraction (TIANGEN, Cat. #YDP804-T1). The viral load 
of SARS-CoV-2 was detected by qRT-PCR assays accord-
ing to the instructions of the Novel Coronavirus (2019) 
Nucleic Acid Detection Kit (BioPerfectus, China), which 
targets the SARS-CoV-2 ORF1ab and N genes. The viral 
load of influenza A virus was detected via a One Step RT-
PCR Kit (Takara, China) targeting the M gene. The prim-
ers used were as follows:
SARS-CoV-2 ORF1ab gene:
Forward sequence: ​C​C​C​T​G​T​G​G​G​T​T​T​T​A​C​A​C​T​T​A​A.
Reverse sequence: ​A​C​G​A​T​T​G​T​G​C​A​T​C​A​G​C​T​G​A.
Probe sequence: 5’-FAM-​C​C​G​T​C​T​G​C​G​G​T​A​T​G​T​G​G​A​
A​A​G​G​T​T​A​T​G​G-BHQ1-3’.
SARS-CoV-2 N gene:
Forward sequence: ​G​G​G​G​A​A​C​T​T​C​T​C​C​T​G​C​T​A​G​A​A​T.
Reverse sequence: ​C​A​G​A​C​A​T​T​T​T​G​C​T​C​T​C​A​A​G​C​T​G.
The probe sequence used was 5’-FAM-​T​T​G​C​T​G​C​T​G​C​T​
T​G​A​C​A​G​A​T​T-TAMRA-3’.
H1N1M gene:
Forward sequence: 5′-​G​T​C​T​T​C​T​A​A​C​C​G​A​G​G​T​C​G​A​A​
A-3′.
Reverse sequence: 5′-​A​A​G​A​T​C​T​G​T​G​T​T​C​T​T​T​C​C​T​G​C​
A​A​A-3′.
Probe sequence: 5′-FAM-​C​C​C​T​C​A​A​A​G​C​C​G​A​G​A​T​C​G​
C-TAMRA-3′.

Immunofluorescence assay
After virus infection, the cells were washed three times 
with PBS, fixed with 4% paraformaldehyde (Servicebio, 
Cat. #G1101) for 20  min and infiltrated with 0.2% Tri-
ton-X100 (Sigma, Cat. #T8787) for 20 min at room tem-
perature (RT). Then, the cells were blocked with 2% BSA 
buffer for 1 h and incubated with primary antibody (anti-
IAV nucleoprotein, Abcam, Cat. #ab128193, 1:200; anti-
IBV nucleoprotein, GeneTex, Cat. #GTX128538, 1:500; 
anti-SARS-CoV-2 nucleoprotein, CST, Cat. #33717, 
1:500) for 4  h or overnight at 4 ℃. After the addition 
of the primary antibody, the secondary antibody (Goat 
Anti-Rabbit IgG H&L (Alexa Fluor® 488), Abcam, Cat. 
#ab150077, 1:500; Alexa Fluor® 488 AffiniPure™ Goat 
Anti-Mouse IgG (H + L), Jackson ImmunoResearch Lab-
oratories, Inc, Cat. #AB_2338840, 1:500) was added, and 
the samples were incubated for 2  h in the dark. Finally, 
the nuclei were stained with DAPI (Thermofisher, Cat. 
#62248, 1  µg/mL) for 10  min, and fluorescence was 
observed under a fluorescence microscope. After each 
incubation, the cells were washed with PBS three times.

In vivo experiments involving one virus infection
Female BALB/c mice, C57BL/6 N mice (8–9 months old) 
and 4-week-old female golden hamsters were used for 

SARS-CoV-2 infection. Eight-week-old female BALB/c 
mice were used for influenza virus infection. After 
one week of adaptive feeding, the mice were randomly 
divided into an uninfected group (control), a virus-
infected group, a taurultam-treated group, and a molnu-
piravir- or OSTA-treated group. The mice in each group, 
except those in the uninfected group, were challenged 
with 50 µL of virus dilution (2000 PFU of SARS-CoV-2/
C57MA14; 10 × LD50 influenza virus) via the nasal drop 
method, and the golden hamsters were challenged with 
100 µL of virus dilution (10000 PFU of the BA.2 strain). 
The control group and virus-infected groups were 
treated with PBS (100 µL/mouse, and 350 µL/hamster) 
by intraperitoneal injection (i.p.). The taurultam treat-
ment (200  mg/kg/day for mice, and 140  mg/kg/day for 
hamsters, i.p.), molnupiravir treatment (500  mg/kg/day 
for mice, and 350 mg/kg/day for hamsters, p.o.) or OSTA 
treatment (12.5  mg/kg/day for mice, p.o.) started 12  h 
post infection and continued until the fifth day. At 3 dpi 
or 5 dpi, the mice from each group were selected ran-
domly and sacrificed for detection of the viral load in the 
lungs and turbinates and the severity of lung injury. The 
residual mice were used for body weight tests and sur-
vival analysis.

Mixed infection studies in mouse models
Coinfection with SARS-CoV-2 and influenza A (H1N1) 
virus was performed in 8–9 months old female BALB/c 
mice or 4-week-old female golden hamsters. After adap-
tive feeding, each mouse was challenged with 50 µL of 
virus dilution (1000 PFU H1N1-UI182 and 2000 PFU 
SARS-CoV-2/C57MA14), and each hamster was chal-
lenged with 100 µL of virus dilution (1000 PFU H1N1-
UI182 and 1000 PFU Omicron BF.7) sequentially. At 
12  h post infection with SARS-CoV-2, taurultam was 
administered via the i.p. route (200 mg/kg/day for mice, 
and 140 mg/kg/day for hamsters). As a control, the virus-
infected group was administered PBS (100 µL/mouse, 
and 350 µL/hamster). At 2 dpi and 4 dpi, the mice were 
sacrificed, and the tissues were collected for viral load 
assays and histopathological analysis, while the remain-
ing mice were maintained for body weight until 14 dpi.

Statistical analysis
All the statistical analyses were performed via Graph-
Pad Prism 8.0.2 (GraphPad Software, USA). One-way 
ANOVA or Student’s t test was used to determine sig-
nificant differences. The error bars, which indicate either 
SEM, are mentioned in the respective figure legends. In 
all cases, n ≥ 3 (special data are shown in the individual 
experimental group), a p value < 0.05 was considered sig-
nificant, and *P < 0.05, **P < 0.01, and ***P < 0.001.
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Results
Taurultam shows potent antiviral activity against different 
SARS-CoV-2 variants in vitro
To evaluate the in vitro antiviral effect of taurultam 
(Fig. 1A), Vero-E6, Huh7 and 293T cell lines were used. 
First, the results of the CCK-8 assay revealed that tau-
rultam did not induce apparent cytotoxicity to Vero-E6, 
Huh7 or 293T cells at a concentration of 30  µg/mL or 
lower (Fig.  1B) and significantly improved the viability 
of Vero-E6 cells infected with SARS-CoV-2 and multiple 
variants, with EC50 values of 1.23  µg/mL for the BJ01 
strain, 0.68  µg/mL for the Delta strain, 6.85  µg/mL for 
the XBB 1.9.1 strain, and 13.23 µg/mL for the BF.7 strain 
(Fig. 1C). At 48 hpi, the virus load in the cell supernatant 
was measured, and the results revealed that taurultam 
decreased viral RNA copy numbers in Vero-E6 (Fig. 1D) 
and Huh7 (Fig. 1E) cell supernatants in a dose-dependent 
manner. Moreover, the protein expression of the viral NP 
protein (Fig. 1F, G) and the viral load (Fig. 1H) in 293T-
ACE2 cells were significantly decreased by taurultam at 
concentration of 30 ug/µL. These results indicated that 

taurultam exhibited potent antiviral activity against dif-
ferent SARS-CoV-2 variants in multiple cell lines.

Taurultam protects mice and golden hamsters from 
nonlethal and lethal SARS-CoV-2 infection in vivo
Next, the in vivo therapeutic efficacy of taurultam against 
SARS-CoV-2 was assessed in BALB/c mice and golden 
hamsters. In a BALB/c mouse model infected with a 
lethal dose of SARS-CoV-2/C57MA14 (Fig.  2A), taurul-
tam mitigated the loss of mouse body weight (Fig.  2B) 
and improved survival, from 14.28 to 42.86% (Fig.  2C). 
After taurultam was administered for five consecutive 
days, the mice were sacrificed, and the tissues were col-
lected for histopathological analysis and detection of the 
viral load. According to gross analysis, the patchy hemor-
rhage observed on the lung surface of virus-infected mice 
was significantly reduced by taurultam (Fig. 2D), with a 
decrease in the lung index (Fig.  2E). Histological analy-
sis of lung sections from each group revealed that taurul-
tam administration apparently decreased inflammatory 
cell infiltration, hemorrhage, alveolar wall thickening 
(Fig. 2D, F) and viral NP protein expression (Fig. 2D, G). 

Fig. 1  Taurultam shows potent antiviral activity against different SARS-CoV-2 variants in vitro. (A) Chemical formula of taurultam. (B) Effects of taurultam 
on the activity of (B) Vero-E6, (C) Huh7, and (D) 293T cells in a series of concentrations. (C) The inhibitory effects of taurultam on (E) SARS-CoV-2/BJ01, (F) 
Delta, (G) XBB 1.9.1, and (H) BF.7 in the Vero-E6 cell line. (D-E) Taurultam decreased the number of viral RNA copies of SARS-CoV-2/BJ01, Delta, XBB 1.9.1, 
and BF.7 in the cell supernatants of the (D) Vero-E6 and (E) Huh7 cell lines. (F-H) The inhibitory effects of taurultam (30 µg/mL) and molnupiravir (20 µg/
mL) on (F-G) NP protein expression and (H) viral RNA copy numbers of SARS-CoV-2 in the 293T-ACE2 cell line. Scale bars = 50 μm

 



Page 5 of 10Luo et al. BMC Microbiology          (2025) 25:292 

The RT-qPCR results revealed that taurultam signifi-
cantly reduced viral RNA copy numbers in lung tissues 
and turbinates (Fig.  2H). Similar results were observed 
in an infection model of golden hamsters (Fig. 2I), whose 
prognosis was apparently improved, including promot-
ing the recovery of body weight (Fig.  2J), ameliorating 
lung hemorrhage and pathological damage, and decreas-
ing the lung index (Fig. 2L-N). Moreover, the viral loads 
in the nasal lavage fluid (Fig.  2K) and tissues (Fig.  2O) 
of golden hamsters were similarly reduced. Additional 
antiviral experiments on multiple Omicron variants 
were performed to evaluate their antiviral potential, and 
the results demonstrated that taurultam could reduce 
the lung index and viral loads in mouse lungs and tur-
binates in BALB/c and C57BL/6 N model mice infected 
with BA.2 (Fig. 3A-C), BF.7 (Fig. 3D-F, G-I) or XBB 1.9.1 

(Fig. 3J-L). Together, these results suggested that taurul-
tam treatment inhibited SARS-CoV-2 infection and lung 
pathology.

Taurultam inhibits influenza A virus and influenza B virus 
in vitro and in vivo
Given that taurolidine is used as a potent antiviral can-
didate for influenza virus, it was necessary to determine 
the inhibitory effect of taurultam on influenza viruses. 
First, in vitro experiments were performed in the MDCK 
cell line. The results revealed that taurultam signifi-
cantly inhibited the viral NP expression of influenza A 
virus (Fig. 4A, B) and influenza B virus (Fig. 4C, D) and 
the virus titre in the cell supernatant (Fig.  4E). In addi-
tion, the formation of virus-induced plaques was sup-
pressed by taurultam (Fig.  4F, G). For in vivo antiviral 

Fig. 2  Taurultam protects mice and golden hamsters from nonlethal and lethal SARS-CoV-2 infection in vivo. (A) Flow chart of the mouse experiment. 
(B) Effects of taurultam on the body weights of mice infected with the SARS-CoV-2/C57MA14 strain. (C) Taurultam improved mouse survival. (D) Lung 
tissues of the mice from each group and the respective histopathological results (HE staining) and immunohistochemical results (viral NP staining) of the 
lung tissue sections. (E-G) Lung indices, pathology scores and NP-positive cell populations of lung tissues from the mice in each group. (H) Viral RNA copy 
numbers in mouse lung tissues and turbinates. (I) Flow chart of the in vivo experiments involving golden hamsters. (J) Effects of taurultam on the body 
weight of golden hamsters infected with the BA.2 strain. (K) Viral RNA copy numbers in nasal lavage fluid samples from golden hamsters. (L) Lung tissues 
of golden hamsters from each group and respective histopathological results (HE staining) of lung tissue sections. (M-N) Lung indices and pathology 
scores of the lung tissues of golden hamsters from each group. (O) Viral RNA copy numbers in lung tissues, turbinates and trachea from golden hamsters
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Fig. 3  Taurultam resists multiple Omicron variant infections in mouse models. (A-C) Lung indices and viral RNA copy numbers in the lung tissues and 
turbinates of BALB/c mice infected with Omicron BA.2. (D-F) Lung indices and viral RNA copy numbers in the lung tissues and turbinates of BALB/c mice 
infected with Omicron BF.7. (G-I) Lung indices and viral RNA copy numbers in the lung tissues and turbinates of C57BL/6 N mice infected with Omicron 
BF.7. (J-L) Lung indices and viral RNA copy numbers in the lung tissues and turbinates of BALB/c mice infected with XBB 1.9.1
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efficacy, BALB/c mice were challenged with a lethal dose 
of H1N1-UI182 and a nonlethal dose of IBV/S9-MD, 
and then drugs were initially administered to the mice at 
12  h post infection. Body weight data and survival data 
indicated that taurultam mitigated weight loss in both 
models (Fig.  4H, M) and improved mouse survival in 
the H1N1-UI182 infection model (Fig. 4I). At 3 dpi or 5 

dpi, the mice were sacrificed, and lung tissues were col-
lected for examination of lung histopathology. In both 
models, virus infection caused severe hemorrhages on 
the lung surface (Fig.  4J, O) and apparent elevations in 
the lung index (Fig. 4K, P); these symptoms were signifi-
cantly relieved by taurultam treatment. HE staining of 
lung tissues also revealed similar results: the pathological 

Fig. 4  Taurultam inhibits influenza A virus and influenza B virus in vitro and in vivo. (A-D) Effects of Taurultam on the viral NP protein expression of (A, 
B) H1N1-UI182 and (C, D) IBV/S9-E2 in the MDCK cell line. Scale bars = 200 μm (E) Effects of Taurultam on the virus titres of H1N1-UI182 and IBV/S9-E2 
in MDCK cell supernatants. (F) Effects of taurultam on the formation of plaques induced by H1N1-UI182 and IAV/H3N2. (G) Sizes of plaques from three 
biological replicates were measured in ImageJ software. For in vitro experiment, taurultam was used at 30 µg/mL and oseltamivir acid was used at 100 
µM (H-I) Effects of taurultam on the (H) body weight and (I) survival rate of H1N1-UI182 strain-infected mice. (J) Lung tissues of mice from each group 
infected with H1N1-UI182 and the respective histopathological results (HE staining) of lung tissue sections. (K-L) Lung indices and pathology scores of 
lung tissues from H1N1-UI182-infected mice in each group. (M-N) Effects of taurultam on the (M) body weight and (N) survival rate of mice infected with 
the IBV/S9-MD strain. (O) Lung tissues of mice from each group infected with IBV/S9-MD and the respective histopathological results (HE staining) of lung 
tissue sections. (P-Q) Lung indices and pathology scores of lung tissues from mice in each group infected with IBV/S9-MD

 



Page 8 of 10Luo et al. BMC Microbiology          (2025) 25:292 

damage to the lungs of taurultam-treated mice was 
apparently milder than that to the lungs of virus-infected 
mice (Fig.  4J, O), as were the lung pathology scores 
(Fig.  4L, Q). These results indicate that taurultam has 
potent antiviral effects on both influenza A virus and 
influenza B virus.

Taurultam benefits for therapy of coinfection of influenza 
A virus and SARS-CoV-2
The above results demonstrated that taurultam strongly 
inhibited both influenza virus and SARS-CoV-2, and we 
then assessed whether taurultam has therapeutic effects 
on mixed infections with these two viruses. BALB/c mice 
and golden hamsters were challenged with H1N1-UI182 
and SARS-CoV-2, respectively, and taurultam treat-
ment was initiated 12 h after SARS-CoV-2 infection for 
5 days (Fig. 5A). In the BALB/c mouse model, taurultam 

treatment delayed the death of infected mice (Fig.  5B), 
improved pathological damage to the lungs (Fig. 5C, D) 
and decreased the viral loads of H1N1-UI182 (Fig.  5F) 
and SARS-CoV-2 (Fig.  5E) in lung tissues. Meanwhile, 
the viral NP protein expressions of two viruses were 
reduced by taurultam at 2 dpi and 4 dpi (Fig. S1). Similar 
results were obtained in golden hamsters, and the reduc-
tions in mouse body weight (Fig. 5H), pulmonary hemor-
rhage (Fig. 5I) and lung pathological damage (Fig. 5I-K) 
were mitigated by taurultam treatment. Overall, taurul-
tam treatment not only suppressed the influenza A virus 
and SARS-CoV-2 alone, but also improved the effective-
ness of mixed infection with these two viruses.

Fig. 5  Taurultam benefit for the treatment of coinfection with influenza A virus and SARS-CoV-2. (A) Flow chart of the coinfection experiment. (B) Effect of 
taurultam on the survival rate of BALB/c mice coinfected with H1N1-UI182 and SARS-CoV-2/C57MA14. (C) Lung tissues of mice from each group infected 
with H1N1-UI182 and the respective histopathological results (HE staining) of lung tissue sections at 2 dpi and 4 dpi. (D) Pathology scores of the lung 
tissues of the mice in each group. (E-F) Effects of taurultam on the viral loads of SARS-CoV-2 and H1N1 in mouse turbinates at 2 dpi and 4 dpi. (G) Effects 
of taurultam on the body weight of golden hamsters coinfected with H1N1-UI182 and Omicron BF.7. (H) Lung tissues of golden hamsters and histopatho-
logical results (HE staining) of lung tissue sections at 3 dpi. (I-J) Lung indices and pathology scores of lung tissues from golden hamsters in each group
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Discussion
SARS-CoV-2 and influenza virus, which are highly infec-
tive and pathogenic, are two respiratory viruses that pose 
major threats to human and public health [12, 13]. Owing 
to their high mutational frequency, novel variants with 
drug resistance challenge the available antiviral agents 
and prompt the urgent need for the development of new 
therapeutics. Additionally, mixed infections caused by 
diverse respiratory pathogens create a clinical conun-
drum of drug combination strategies. Thus, the devel-
opment of broad-spectrum antivirals against multiple 
respiratory viruses is important. In this study, taurul-
tam exhibited potent broad-spectrum antiviral activities 
against SARS-CoV-2 and influenza virus in both in vitro 
and in vivo models. In particular, taurultam exhibited sig-
nificant therapeutic efficacy in mixed infection models, 
indicating good potential for antiviral therapy. However, 
its clinical application prospects need further preclinical 
and clinical research for validation.

Taurolidine is an outstanding and safe antimicrobial, 
antiadhesion, antioxidant and anti-inflammatory agent 
without significant toxic side effects. Owing to its high 
hydrolysis capacity and kinetics, the biological functions 
of taurolidine are determined by its metabolites, namely, 
taurultam, N-methyloltaurultam, N-methyloltaurin-
amide and taurine [14]. For example, taurolidine breaks 
bacterial cell walls [15–17] through chemical cross-link-
ing of its N-methylol metabolites and proteins in the bac-
terial cell wall, and its antioxidant and anti-inflammatory 
functions are performed by the end product taurine [18, 
19]. In this study, we first demonstrated that taurultam 
exhibited potent antiviral activity against SARS-CoV-2 
and influenza virus, similar to taurolidine, indirectly sug-
gesting that taurultam plays a vital role in the antiviral 
response to taurolidine. And a comparative study was 
carried out in our experiments, the results showed that 
the antiviral effect of taurolidine was similar to that of 
taurultam, both of them significantly reduced the viral 
load in the hamster tissues (Fig. S2C-F), but the effect 
of taurolidine on improvement of lung injury is signifi-
cantly better than that of taurultam (Fig. S2A, B). From 
these data, we can speculate that taurultam may be the 
main ingredient that accounts for antiviral of taurolidine, 
and of course, there is a possibility that taurolidine and 
taurultam both exert antiviral activity through the same 
antiviral pathways. Since the antiviral mechanism of tau-
rolidine has not been fully resolved, more research is also 
needed on antiviral mechanisms of taurultam.In addi-
tion, a previous study showed that taurolidine inhibited 
severe lung injury induced by influenza A (H5N1) virus 
infection through inhibiting NF-κB signaling pathway 
[9], and the metabolite taurultam also significantly ame-
liorated viral lung injury, suggesting that taurultam may 

also inhibit lung inflammation through inhibiting NF-κB 
signaling pathway.

Lung damage is the first manifestation of multiple 
organ dysfunction syndrome caused by SARS-CoV-2 and 
influenza virus and is induced mainly by viral infection 
of epithelial cells and cytokine storm syndrome. Indeed, 
treatment during the acute infection phase of COVID-
19 and flu may influence the degree of clinical manifes-
tations of “long COVID” and “long flu”; timely removal 
of viruses and attenuation of lung tissue injury may thus 
result in better outcomes [20]. Taurultam was found to 
accelerate virus clearance and improve virus-induced 
lung damage, suggesting that it may become a potential 
candidate for treating COVID-19 and flu at the early 
stage of infection. Given the outstanding ability of taurul-
tam to alleviate lung injury, the anti-inflammatory func-
tion of its metabolic end product taurine [21–24] may 
partially explain this association.

Conclusion
In this study, we identified an antiviral candidate, taurul-
tam, that exhibited significant antiviral effects on SARS-
CoV-2 and influenza viruses both in vitro and in vivo. 
Taurultam not only decreased viral loads in mouse mod-
els but also significantly alleviated lung pathological dam-
age caused by both SARS-CoV-2 and influenza viruses. 
Additionally, as a metabolite of taurolidine whose bio-
logical functions are always performed by its metabolites, 
the antiviral activities of taurultam are similar to those 
of taurolidine, suggesting that taurultam may be partly 
responsible for the antiviral response of taurolidine. 
These findings provide solid experimental evidence for 
the clinical application of taurultam and taurolidine.
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