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➢Opioids and their receptors have the ability to alter immune function, which affects disease 

progression and outcome. 

➢ In vitro and in vivo findings as well as observations in humans indicate that opioids and 

their receptors positively or negatively affect viral replication and virus-mediated pathology. 

Introduction
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➢ The term opiates include natural compounds obtained from opium poppy.

(such as morphine, codeine and thebaine).

➢ Opioids are a group of endogenous and exogenous/synthetic compounds that function through 

activation of opioid receptors

Opioid classification Opiate and Opioid
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Opioid receptors have been isolated, cloned, and classified as:

1) μ-opioid receptors (MORs) 

2) δ-opioid receptors (DORs)

3) κ-opioid receptors (KORs)

4) opioid-like or nociceptin/orphanin receptors (ORL)

➢ OPRM1: Opioid Receptor Mu1

➢  OPRM1

 OPRD1 

 OPRK1

 OPRL1 

(μ1, μ2, μ3) 

 (δ1, δ2)

 (κ1, κ2, κ3)

N/OFQ

Receptors Gene

Opioid receptors 
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ORL
MOR DOR KOR
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✓ The Mu receptor is the main receptor for opioid agonists used in pain management.
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➢ Opioid Receptors are G protein-coupled receptors. 

➢ They mediate the human body's response to most 

hormones, neurotransmitters, drugs.

➢ All GPCRs consists of seven transmembrane 

spanning proteins that couple to intracellular G 

proteins. 

Opioid receptors 
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G protein-coupled receptor signaling pathway 

https://www.cusabio.com/pathway/G-protein-coupled-receptor-signaling-pathway.html9

https://www.cusabio.com/pathway/G-protein-coupled-receptor-signaling-pathway.html


➢ Following activation of the opioid 

receptors, adenylyl cyclase is inhibited, 

which activates K+ channels and 

diminishes the conductance of voltage-

sensitive Ca2+ channels.

➢ All these effects lead to activation or 

inhibition of several downstream signals 

that contribute to the intrinsic effects of 

opioids.

Opioid receptor signaling
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Opioids and immune function

➢ Opioid receptors are abundantly expressed on various immune cells. 

     (lymphocytes, macrophages, neutrophils, and monocytes, ...)

➢   Opioids, opioid receptors, and opioid signaling pathways together form a system (opioid 

system) which modulates immune function.

Opioids suppress immune responses.

Possible mechanisms include:

Impaired function of natural killer cells, T cells, B 
cells, neutrophils, dendritic cells, and macrophages.

Altered expression of cytokines and chemokines.

Decreased ability 

to control 

pathogens and 

limit their 

clearance.
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Opioids and immune function

μ δ
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1. Inhibit immune system

2. Cross-desensitization

3. Th0        Th1



Opioid system effects on viral infections
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Opioid system effects on HIV infections

TNF / IL6 / CCL5
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Endogenous opioid peptides enhance HIV expression.

β-endorphin 

Enhances: 1.viral protein production and 2.long terminal repeat 
(LTR) activation in microglia

Increases HIV expression in mixed glial/neuronal cell cultures

Opioid system effects on HIV infections
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Opioid system effects on HIV infections

Morphine

Triggers viral reactivation in latently-infected lymphocytes

Synergizes with HIV proteins to alter cell cycle regulation, and exacerbate neurotoxicity and 
neuroinflammation

Decreases expression of anti-HIV microRNAs

Attenuates the inhibitory effect of antiretroviral therapies on HIV replication

Inhibits the expression of IFNs and IFN-inducible genes

Inhibits regulators of the JAK–STAT signaling pathway
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Opioid system effects on HIV infections

Heroin

Triggers HIV reactivation in latently-infected lymphocytes in vitro

Inhibits several anti-HIV microRNAs

Expresses lower levels of host restriction factors such as TRIM5α, TRIM22 and 
ABOBEC3G

Enhances HIV expression in macrophages

Suppresses IFNs
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Opioid system effects on HIV infections

Cocaine

Associates with higher HIV RNA levels and greater CD4+ T cell decline

Enhances HIV expression in PBMCs, macrophages, CD4+ T cells, dendritic cells, 
microglia and astrocytes

Enhances HIV neuro invasion by remodeling microvascular endothelial cells in the 
brain

18



Opioid system effects on HIV infections

Methamphetamine

Associates with higher HIV viral loads and lower CD4+ T cell counts

Inhibits TLR9

Dysregulates signal transduction pathways

Enhances expression of chemokine co-receptors
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Opioid system effects on HIV infections

Alcohol

Increased risk of infection and transmission

Increased HIV replication in the presence of alcohol in various cell types

Associates with immunosuppression that increases the risk of opportunistic 
infections and disease progressions

Alters the microbiome and affects gut permeability

Reduces viral suppression

Increases viral resistance to antiretroviral therapies
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Opioid system effects on HIV infections

Tobacco/Nicotine

Cigarette smoke exposure is associated with increased HIV replication, lower 
CD4+ T cell counts, immune activation, oxidative stress, and decreased response to 

antiretroviral therapy

Ranjit et al. observed a 3 to 4 fold increase in HIV replication in macrophages 
exposed to benzopyrene (a major carcinogen found in cigarettes)

Nicotine enhances HIV replication in macrophages, T lymphocytes and microglia
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MORs activation up-regulates the CCR5 and CXCR4 expression----------------Steele et al., 2003

Opioids impair the anti-HIV activity of immune system------------------------Wang X. et al., 2005

Opioids induce the pro-inflammatory mediators expression--------------------El-Hage et al., 2006

Morphine activated the HIV LTR in human neuroblastoma cells---------------Squinto et al., 2009

Morphine increased HIV replication in neural progenitor cells----------------Balinang et al., 2017

Opioids inhibit the anti-HIV miRNAs expression-----------------------------------Wang et al., 2011

Opioid system reactivate the HIV latently infection-------------------------Prottengeier et al., 2014

Opioid system disrupts the gut homeostasis------------------------------------------Meng et al., 2015

Fentanyl enhanced expression of the CCR5 and CXCR4 Expression---------Krishnan et al., 2023

HIV

Opioid system effects on HIV infections
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Opioid system effects on HCV infections
IRF: Interferon regulatory factors

SOCS-3: suppressor of cytokine signaling 3

PIAS3: protein inhibition of activated STAT3
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Alcohol and Viral Hepatitis

Contributes to liver injury and progression to cirrhosis, leading to increased 
morbidity and mortality

Upregulates the microRNA-122 that facilitates HCV replication

Increased viral replication following the exposure of permissive cells to alcohol

Increased HBsAg levels in HepG2 cells in the presence of ethanol
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HCV

Morphine compromises anti-HCV effect of recombinant IFN-α-----------------------------------------Li et al., 2003

Opioid system synergize the alcohol acceleration of HCV expression-----------------------------Zhang et al., 2003

Morphine withdrawal inhibits expression of endogenous IFN-α-----------------------------Wang C.-Q. et al., 2005

Met-enkephalin as a marker in hepatocellular damage in chronic HCV---------------------------Ciesla et al., 2006

Met-enkephalin enhances replication of HCV-----------------------------------------------Bergasa and Boyella, 2008

Methamphetamine inhibits hepatic IFN-α expression--------------------------------------------------L.Ye et al., 2008

Opioids impair CD56+ T cell-mediated innate immune function---------------------------------------Ye et al., 2010

Morphine induces hepatic pro-inflammatory cytokine and free radicals------------------------El- Hage et al., 2011

Opioid dependence therapy associates with lower incidence of HCV--------------------------------Tsui et al., 2014

Fentanyl increases replication of HCV and HBV in hepatocytes---------------------------------L. Kong et al., 2021

Opioid system effects on HCV infections
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Mechanism of virus-opioid interactions



➢Herpes simplex viruses causing variety of diseases such as oral and genital lesions, encephalitis and 
neonatal infections.

➢Morphine, a widely used opioid, is known to alter HSV infection, and because of it´s immunosuppressive 
effects, it has been demonstrated that reactivates latent HSV.

➢Morphine administration potentiates the development of encephalitis in HSV-1 infected mice (Lioy et al., 
2006). In this regard morphine exposure decreases integrity of the blood-brain barrier (BBB) and might 
explain its potential role for involvement of BBB in the development of encephalitis in morphine-treated. 
mice
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Opioid system effects on HSV infections
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Opioid system effects on HSV infections
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Opioid system effects on HSV infections



Opioid system effects on SARS-CoV-2 infections

Positive points of opioids use:

1. Occurrence of analgesia to facilitate intubation.

2. Optimize ventilation.

3. Promoting suitable pain relief.

4. Preventing the activation of the sympathetic 
nervous system.

5. In viral infections where the host inflammatory 
response is pathogenic (known as 
immunopathogenic), activation of opioid 
receptors is beneficial for control of 
immunopathology.

6. Reduces disease-induced morbidity and 
mortality by inhibition of cytokine storm and 
hyperinflammatory response.

Negative points of opioids use:

1. Associated with increased chest wall rigidity, which 
lead to the respiratory depression.

2. Increase hypercapnia, leading to slow and irregular 
breathing, which in severe cases can progress to fatal 
apnea.

3. Chronic use can trigger opioid tolerance.

4. Present side effects such as diarrhea, hyperalgesia, 
dysphoria and dependence processes.

5. Their prolonged use might be associated to 
suppression of the proliferation of lymphocytes B 
and T and induction of immune cell apoptosis.
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Characteristics of the main opioids used in patients affected by the COVID-19. Adapted from Ammar et al., 2020.

Medication Mechanism of action Pharmacokinetics Adverse events Place in therapy

Fentanyl Mu-opioid receptor 

agonist

Onset: immediate

Duration: 3-60 min

Elimination: 2-4 h

Chest wall rigidity 

with rapid infusion

First-line therapy

Morphine Mu-opioid receptor

agonist

Onset: 5-10 min

Duration: 3-5 h

Elimination: 3-4 h

Hypotension and 

bradycardia

First-line therapy

Hydromorphone Mu-opioid receptor 

agonist

Onset: 15-30 min

Duration: 3-4 h

Elimination: 2-3 h

Hypotension First-line therapy

Sufentanil Mu-opioid receptor

agonist

Onset: 1-3 min

Duration: 2 h

Bradyarrhythmia and 

hypotension

Alternative therapy

Alfentanil Mu-opioid receptor

agonist

Onset: 5 min

Duration: 30-60 min

Hypotension Alternative therapy

Methadone Mu-opioid receptor

agonist

Onset: 10-20 min

Duration: 12-48 h

QTc prolongation Opioid conservation

and adjuvant therapy
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Mechanism of SARS-CoV-2 pathogenesis
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ACE2: Angiotensin-converting enzyme 2

Ang-II: Angiotensin II

AT1R: Angiotensin type 1 receptor
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Nicotine effects on SARS-CoV-2 infections

ACE2: Angiotensin-converting enzyme 2

Ang-II: Angiotensin II

AT1R: Angiotensin type 1 receptor

nAChR: nicotinic acetylcholine receptor
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Caffeine effects on SARS-CoV-2 infections

MAPK: Mitogen-activated protein kinase

3CLpro: 3-chymotrypsin-like protease

NLRP3: Inflammasome NOD-like receptor 3
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Opioid system effects on Influenza infections

➢Influenza causes viral respiratory tract diseases ranging from mild upper 
respiratory infection to severe pneumonia.

➢When airway epithelial cells are infected by the influenza virus, 
infiltration of various immune cells occurs, causing immunopathogenesis.

➢Opioids alter immune function, so affect the immunopathogenesis of 
influenza in the pulmonary tract.
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Opioid system effects on influenza infections

Morphine

Impairs the inflammatory response to influenza infection in the lung

lowering the percentage of polymorphonuclear cells in the 
bronchoalveolar lavage fluid (BALF)

The influenza virus cleared slowly from the lungs of morphine-treated 
rats compared to non-treated 
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Opioid system effects on Influenza infections
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Opioid system effects on Respiratory Syncytial Virus

• RSV infections such as influenza causes infiltration of immune cells into the 
lung tissue and obstruction of the airways that can lead to shortness of breath, 
bronchiolitis, pneumonia, and even death.

• Opioids are frequently used during mechanical ventilation of severe RSV 
infection.

• Activation of opioid receptors using µ, κ and δ agonists reduced neutrophil 
influx.
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Opioid system effects on RSV infections
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Opioid system effects on Influenza & RSV infections

41



Opioids and immunopathogenesis
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1. SARS-Cov2

2. Influenza



Conclusion

➢ In vivo and in vitro models indicating that opioid systems effect viral replication and virus-mediated 

pathology. 

➢ The diverse effects of the opioid system on viral infection imply involvement of different mechanisms. 

➢ In the majority of viruses, opioid system enhances viral pathogenesis by modulation of immune 

responses.

➢  Blockage of opioid receptors can potentially be applied for viral control. 

➢ Activation of opioid receptors is beneficial for controlling viral pathogenesis in those viral infections 

where host immune responses are pathogenic.

➢  Viruses and opioid system and molecular mechanisms is an important tool for understanding the effect 

of opioids, mechanisms of action, and development of therapeutic strategies. 
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Opioid system effects on viral infections:

Opioids

HIV

HSV

HCV

RSV

Influenza

SARS-
CoV2
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Thanks for your kindly attention
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