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Article history ABSTRACT

At present, coronavirus disease 2019 (Covid-19), caused by SARS-CoV-2 infection,
has turned into a global pandemic. Comparable to the HIN9 virus, SARS-CoV-2
causes soaring mortality in elderly patients who have pre-existing chronic diseases.
SARS-CoV-2 infects human epithelial cells by binding to human angiotensin-
converting enzyme2 (ACE2). Multi-organ failure has been observed in some patients
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Keywords with severe COVID-19. TheACE2 expression profile suggests that SARS-CoV-2
infection may initiate or even directly cause organ failure. In addition to direct
Coronavirus infection, evidence shows that an elevated inflammatory immune response is also
Cotrimoxazole involved in the pathogenesis of SARS-CoV-2 infection. The immunomodulatory and
Covid-19 anti-inflammatory activity of the cotrimoxazole (CTX) and teicoplanin are seen in
Teicoplanin several studies that show the lower concentrations of plasma pro-inflammatory
markers like CRP, IL6 in continuous CTX prophylaxis, suggesting its role as anti-
inflammatory and immunomodulation. The present review concludes that both
teicoplanin and CTX are effective in the management of Covid-19 through anti-SARS-
CoV-2 and anti-inflammatory effects as well as controlling of secondary bacterial
infections.
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INTRODUCTION reviews the immune pathogenesis of SARS-CoV-2

infection and argues the possibility of using

In current decades, the world has veteran
outbreaks of newly talented viruses, including
severe acute respiratory syndrome coronavirus
(SARS-CoV-1), Middle East respiratory syndrome
coronavirus (MERS-CoV), H5N1 virus, pandemic
HINI1 virus, and H7N9 virus (Al-Kuraishy et al.,
2020a). At present, coronavirus disease 2019
(COVID-19), caused by SARS-CoV-2 infection, has
turned into a global pandemic. Comparable to the
HTN9 virus, SARS-CoV-2 causes soaring mortality
in elderly patients who have preexisting chronic
diseases.

Acute lung injury (ALI) is one of the main
causes of the high mortality of patients infected
with H5N1, HIN9, MERS-CoV, SARS-CoV-1, and
SARS-CoV-2 (Al-Kuraishy et al., 2020b). Increasing
evidence suggests that an elevated inflammatory
immune response and cytokine storms are
connected to ALI and fatality caused by these
viruses (Al-Kuraishy et al., 2020c).

Up till now, there is no elective treatment for
ALl caused by viral infections. Therefore, this study

antibiotics as a drug for extenuating the severity of
COVID-19 illness.

SARS-CoV-2 INFECTION & IMMUNE RESPONSE

SARS-CoV-2 infects human epithelial cells by
binding to human angiotensin-converting enzyme-
2 (ACE2) (Fig. 1). ACE2 gene is expressed in cell
clusters in organs including the lung, heart,
oesophagus, kidney, bladder, testis and ileum,
indicating that these organs are at high risk of
SARS-CoV-2 infection (Al-Kuraishy et al., 2020d).
Constantly, multiorgan failure has been observed
in some patients with severe COVID-19.

The ACE2 expression profile suggests that
SARS-CoV-2 infection may initiate or even directly
cause organ failure (Al-Kuraishy et al., 2020e). In
addition to direct infection, evidence shows that an
elevated inflammatory immune response is also
involved in the pathogenesis of SARS-CoV-2
infection (COVID-19) (Al-Kuraishy and Al-Gareeb,
2020).
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Fig. 1. SARS-CoV-2 and ACE2 receptors

Patients in the intensive care unit (ICU) had
higher plasma levels of IL-2, IL-7, IL-10, G-CSF, IP-
10, MCP-1, MIP-la, and TNFo than non-ICU
patients. Some severe patients also had elevated
IL-6 levels in their plasma (which correlates with
respiratory failure and fatality. Besides, the serum
levels of C-reactive protein, which is positively
regulated by IL-6, are elevated in patients with
severe COVID-19 (Al-Kuraishy et al., 2020f). The
systemic elevations of cytokines are reminiscent of
the cytokine storm or cytokine release syndrome
(CRS) that occurs in severe infections of influenza
viruses, MERS-CoV, and SARS-CoV-1. Due to the
critical role of IL-6 in promoting CRS, inhibition of
IL-6 or IL-6 receptor with antibodies has been
proposed to treat patients with severe COVID-19.
How SARS-CoV-2 infection triggers cytokine storms
remains largely speculative. As well, elevated
cytokines in patients with severe COVID-19 linked
with marked lymphopenia. A recent autopsy study
of patients with COVID-19 shows that SARS-CoV-2
infection is detected in CD169+ macrophages that
express the ACE2 molecule and produce IL-6. The
infection of these CD169+ macrophages correlated
with lymphocyte apoptosis in the spleen and lymph
nodes. These findings may partly explain the
excessive inflammation and lymphopenia during
severe COVID-19 (Al-Kuraishy etal., 20209).

High neutrophil counts are significantly
associated with COVID-19 fatality and the
neutrophil-to-lymphocyte ratio is an independent
risk factor for the illness severity of COVIDI9.
When a cytokine storm occurs, chemokines recruit
neutrophils to lung lesions, and pro-inflammatory
cytokines, such as IL-1p and IL-6, activate
neutrophils to produce NETs, which may contribute
to ALI and mortality in patients with COVID-19 (Fig.
2) (Zhang et al., 2020).
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Fig. 2. Covid-19 and cytokine storm
TRIMETHOPRIM AND COTRIMOXAZOLE

Cotrimoxazole (CTX) is an effective broad-
spectrum antibiotic with antifungal, antiprotozoal,
activity. The rationale behind the wuse of
cotrimoxazole is its anti-inflammatory and
immunomodulatory action. The mortality among
the COVIDI19 patients is mainly due to the acute
respiratory distress syndrome (ARDS) or AL,
pulmonary embolism and respiratory failure
mediated by cytokine storm due to unopposed
multiplication of cascade of inflammatory
mediators (Al-Kuraishy et al., 2018).

The immunomodulatory and anti-inflammatory
activity of the CTX is seen in several studies that
show the lower concentrations of plasma pro-
inflammatory markers like CRP, IL6 in continuous
CTX prophylaxis, suggesting its role as anti-
inflammatory and immunomodulation (Choudhari
et al., 2020). The responsibility of IL6 and TNF-a in
the pathogenesis of COVID-19 mortality is well
recognized and the role of CTX in the suppression
of TNF a is also recognized (Bourke et al., 2019).

Lymphopenia is associated with adverse
outcomes in COVID-19, and CTX has shown an
increase in lymphocyte count in short and long
therapy duration, but these study findings are not
dependable; however, no important impact of CTX
was seen on immune activation of CD8 T cells
(Khalil et al., 2019). Oxidative stress has an
important aspect of the cytokine storm, which is
also reduced by CTX (Gough et al., 2020).

ARDS is one of the life-threatening
complications of COVID-19 caused by the body's
hyper-immune response to the virus in the form of
a cytokine storm syndrome (CSS). The CSS occurs
as a result of neutrophil recruitment into the lung
due to the stimulation of the formyl peptide
receptors (FPRs) by Damage Associated Molecular
Patterns (DAMPs) which are released upon
mitochondrial injury of host cells (Bourke and
Prendergast, 2020). FPRs are situated on the outer
surface of the cell membrane of the neutrophils and
monocytes, and when stimulated cause the release
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of intracellular and extracellular reactive oxygen
series (ROS) which can drive the cytokine
activation and stimulate the formation of Neutrophil
Extracellular Traps (NETs) which block the alveolar
capillary bed leading to hypoxaemia (Fig. 3)
(Quadery et al., 2020a).
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Fig. 3. Formyl peptide receptors and inflammations

CTX blocks the FPR's and can reduce the
movement of neutrophils to the lung, generation of
ROS, production of pro-inflammatory cytokines and
formation of ALI. Published data shows that CTX
has anti-cytokine effects reducing interleukin-1, 2,
6,8 and TNF-o production (Quadery et al., 2020b).
Several of these cytokines are shown to be raised
in the cytokine storm associated with COVID-19.
This offers a possible explanation for the observed
clinical benefit by reducing neutrophil, monocyte
and lymphocyte activation leading to a reduction in
the risk of ARDS (Park et al., 2020).

Although both dapsone and CTX have effects
upon the immune system which were first
described for dapsone over 50 years ago. Both
drugs share the same sulphonamide ring with
similar antibacterial effects, with detailed studies of
dapsone showing a dose-dependent reduction in
the generation of tissue-damaging ‘oxygen free
radicals’ from neutrophils (Al-Kuraishy, 2017a).

This reduction results from dapsone’s ability to
block stimulation of the formyl peptide receptors
(FPR), which are abundantly expressed on the
surface of neutrophils and monocytes. Their
activation drives the production of both
intracellular and extracellular oxygen free radical
release leading to further inflammatory cytokine
production (Al-Kuraishy and Al-Gareeb, 2020; Al-
Kuraishy et al.,, 2020g). The blockade of FPR by
dapsone and CTX herefore has marked anti-
inflammatory effects (Al-Kuraishy, 2016).

CTX reduces ALI in patients with severe
COVID-19, thereby reducing the mneed for
ventilatory support and improving outcomes. This
drug has no direct anti-viral effects but may
present protection against ARDS. The valuable
effect of CTX is apparent within hours of the first
dose, likely reflecting their excellent absorption
and lung penetration. Appropriate gratitude of any

[Cotrimoxazole and teicoplanin in the management of Covid-19]

clinical deterioration from the underlying cytokine
storm syndrome isimportantand delayed treatment,
may reduce the ability of these drugs to act before
the blockade of the alveolar capillary bed by
neutrophils, since the risk of profound hypoxemia
may be difficult to reverse (Al-Kuraishy, 2017Db).

Besides, CTX has anti-cytokine effects reducing
interleukin-1, 2, 6, 7, 8 and TNF-a production.
Several of these cytokines are involved in the
cytokine storm of COVID-19. This offers a possible
explanation for the observed clinical benefit by
reducing neutrophil, monocyte and lymphocyte
activation leading to a reduction in the risk of ARDS
as in other viral infections (Fig. 4) (Al-Kuraishy et
al., 2019).
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Trimethoprim or CTX are inexpensive drugs
licensed for use in respiratory infections with few
serious side effects. They are generally available
worldwide and may have benefit in preventing ALI
in this pandemic. CTX may have advantages over
trimethoprim due to the additional immune effects
of sulphamethoxazole along with an intravenous
preparation for use in deteriorating patients.
Reducing ARDS and oxygen demand may be vital
to saving lives in countries where healthcare may
be easily overwhelmed. Thus, we recommend that
these observations should be tested in clinical
trials of TMP or CTX in the management of severe
COVID-19 (Kadhim et al., 2019).

TEICOPLANIN

Teicoplanin, a glycopeptide antibiotic routinely
used to treat bacterial infection was found to be
active in vitro against SARS-CoV, has joined the list
of molecules that could be used as a therapeutic
arsenal against COVID-19 (Baron et al., 2020). This
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antibiotic, currently used in the treatment of Gram-
positive  bacterial infection, especially in
Staphylococcal infections, has already shown
efficacy against various viruses such as Ebola,
influenza virus, flavivirus, hepatitis C virus, HIV and
coronavirus such as MERS-CoV and SARS-CoV
(Sathyamoorthy et al., 2020). A patent was filed for
the treatment of infection caused by MERS-CoV in
2016. In coronaviruses, teicoplanin acts on the
early step of the viral life cycle by inhibiting the
low pH cleavage of the viral spike protein by
cathepsin L in the late endosomes thereby
preventing the release of genomic viral RNA and
the continuation of the virus replication cycle. A
recent study by the same authors showed that this
activity was conserved on SARS-Cov-2 (the target
sequence that serves as cleavage site for cathepsin
L is conserved among SARS-CoV spike protein)
(Ceccarelli et al., 2020a). The concentration of
teicoplanin required to inhibit 50% of viruses
(IC80) in vitro was 1.66 uM, which is much lower
than the concentration reached in human blood
(8.78 pM for a daily dose of 400 mg) (Jean and
Hsueh, 2020).

Moreover, influenza A and B viruses were
reported as potential targets of teicoplanin and its
chemical derivatives (Ceccarelli et al., 2020Db).
Newly, additional studies have provided evidence
that SARS-CoV-2, similarly to SARS-CoV, is a
cathepsin L-dependent virus: in fact, these viruses
require a multistep infection process including
receptor binding, change in spike (S) glycoprotein
confirmation and cathepsin L proteolysis of the S
protein, crucial for virus entry. Teicoplanin was
found to specifically inhibit the activity of cathepsin
L and potentially to play a critical role in blocking
cell entry of the virus (Petersen et al., 2020).

Based on the aforementioned, teicoplanin has
been used either as a potential antiviral agent or as
treatment of possible Staphylococcus aureus super-
infection in our critical patients with severe SARS-
CoV-2 pneumonia, since the latter may represent a
major complication of respiratory viral infections
(Agrawal et al., 2020).

CONCLUSION

Both teicoplanin and CTX are effective in the
management of Covid-19 through anti-SARS-CoV-2
and anti-inflammatory effects as well as controlling
of secondary bacterial infections.
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