
Introduction
 Over the past decade, the increased susceptibility to infections 
among illicit drug users has become more widely acknowledged. The  
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rampant use of illicit drugs is creating countless problems for soci-
ety. Currently, illicit drug abusers are the largest growing segment of 
the population becoming infected with the human immunodeficien-
cy virus (HIV) [1]. Over the years, there have been notable chang-
es in the clinical manifestations of these psychoactive drugs due to 
several modifications in their contents and manufacturing processes. 
Contrary to expectations, the magnitude of this problem continues to 
increase in many parts of the world. Illicit chemists are compound-
ing and synthesizing new designer illicit drugs faster than society can 
make them illegal [2]. The inability of standard clinical laboratory 
urine and blood drug screenings to routinely detect most of these 
drugs has left law enforcement agencies and clinicians handicapped 
in evaluating the patient who presents psychiatric, neurologic, car-
diovascular and immunologic complications linked with illicit drug 
use [3]. However, it is difficult to estimate the magnitude of illicit 
drug abuse and the risk to public health [4]. Although the data have 
limitations and are incomplete, global estimates indicates that most of 
the illicit drugs came from shops (57.68 %), friends (31.46 %), and 
dealers (10.1 %) [3]. The users of illicit drugs experienced happy/
euphoric mood (57.7 %), talkativeness (42.5 %), and hallucinations 
(22.8 %); however, 74% experienced adverse reactions (immunologic 
reactions) with 4.9 % requiring hospitalizations [3]. Increasing the 
risk of HIV transmission, disease progression, and less adherence to 
the antiretroviral therapy, which significantly contribute to morbidity 
and mortality of the HIV infected patients have been reported as the 
role illicit drugs of abuse play [5,6].

 Cocaine, opioid and marijuana abuse increases the viral disease 
progression by affecting host immune function, promoting the virus 
entry into the immune cells and replication, and also causes severe 
neurocognitive disorders by inducing neuro-inflammation [7,8]. Al-
though gut microbiota contributes immensely in regulating immune 
homeostasis, both HIV and illicit drugs are notoriously acknowledged 
for its potential to disrupt gut homeostasis, gut immunity, and mi-
crobial translocation that may result to the accelerated viral disease 
progression [1]. While injection drug use is the second most com-
mon route for the HIV transmission, alcohol consumption, smoking, 
inhaling, and ingesting drugs such as cocaine, opioid (codeine and 
morphine) and marijuana will increase the risk of contracting HIV 
infection [9].

 The devastating role the internet plays in the ease and speed with 
which new illicit drugs are distributed and in many cases before they 
have been identified or made illegal by authorities cannot be over-
looked [10]. Multi-factorial actions which include education, social 
approaches, and medical and legal interventions are paramount in the 
prevention of illicit drug use.Passive and active vaccines against the 
drugs have been investigated in both preclinical and clinical trials as 
possible immunotherapies to thwart drug abuse. However, vaccines 
targeting cocaine, nicotine, phencyclidine, morphine, and metham-
phetamine have shown little potential [11]. Although these vaccines 
have potential, when widely available, long-term medical and psy-
chological programs will most likely still be included as combina-
tion, to insure the abuser relearns constructive behaviors and control  
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Abstract
 The increased susceptibility to infections among illicit drug us-
ers has gained immense interest. Over the past three decades, the 
effects of illicit drugs on the immune system have been subject to 
research predominantly in animals; while relatively little studies have 
been done in humans. This review focuses exclusively on reported 
effects of illicit drugs (Cocaine, Marijuana and Opioids) on the im-
mune cell function in human. The emerging picture suggests that the 
contribution of illicit drugs to the global burden of disease and death 
are large and troubling. Reported consequences hint that cocaine 
can compromise the integrity of the immune system through direct 
effects on lymphocyte responses, particularly Natural Killer (NK) 
cells. Marijuana the most commonly used illicit drug, affects the num-
ber, proliferation and sensitivity of important immune cells such as T 
cells, B cells and NK cells by directly inhibiting immune cell migration 
to tissues. Similarly, opioid suppresses the immune system through 
direct or indirect pathways that leads to the release of corticosteroid 
and immunosuppressive hormones, thereby resulting to immune 
system suppression. This decreased immune responsiveness in 
illicit drug abusers is believed to be responsible for the increased 
susceptibility to viral infections. Therefore, beyond the prevalence of 
illicit drug use and dependence, medical practitioners and illicit drug 
users should be aware of the flipsides associated with this disorder, 
particularly the immunologic downsides.
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impulse and cravings effectively [4]. At the moment, clinicians will 
have to stay alert for new illicit drugs of abuse and recognize their 
clinical manifestations and immunological consequences.

Immunologic Consequences of Cocaine

 Studies over the last decade have reported increased susceptibility 
to infections among illicit drug users, especially cocaine users [12,13]. 
Cocaine, alternatively called cocain or coke is one of the most wide-
ly consumed illicit drugs amongst young adults worldwide and also 
associated with significant consequences [14]. In order to maintain 
homeostasis, the brain and the immune system must continuously 
cross-talk through soluble factors such as; cytokines, hormones and 
neurotransmitters [15]. This nonstop communication is organized 
along two main important pathways, making up the autonomic ner-
vous system and the neuroendocrine axis [15,16]. Disruption of ho-
meostasis, by either internal or external stressors, leads to the activa-
tion of these two pathways, which results in elevated peripheral levels 
of catecholamine (particularly noradrenalin) and cortisol respectively 
[15,16]. These increased levels of catecholamine and cortisol will in 
turn activate or alter immune function by binding to their matching 
receptors on immune cells [16]. Interestingly, reports have shown 
that the effects of cocaine on both the sympathetic nervous and en-
docrine systems appear to imitate the same stress response [17]. The 
increase in Natural Killer cells (NK-cells) has also been exemplified 
as effects of stress and cocaine on immune cells, which has been re-
ported in response to either acute stress or cocaine exposure [18-20]. 
Chronic stress, however, has been associated with a down-regulation 
in NK-cell activity [21], especially in stimulant-addicted individuals. 
Conceivably, the observed disparities in NK-cells in cocaine-addicted 
individuals may not only be associated to cocaine’s direct effects on 
immune cells, but may also be caused by cocaine’s modulatory effects 
on neuroendocrine hormones [17].

 Cocaine increases monoamine levels in the brain and in the pe-
riphery, where it interacts with immune cells. It is believed that the 
neurotransmitter ‘dopamine’ also plays a pivotal role in regulating 
immunity [22]. Dopamine receptors are expressed on various lym-
phocyte subpopulations (such as T-cells, B-cells and NK-cells), 
where they function in the regulation of proliferation, differentiation 
and apoptosis of these cells [23]. When cocaine binds to the dopamine 
transporter in peripheral lymphocytes, cocaine may be able to directly 
modulate immune functions [24]. Dopamine has, however, been re-
ported to act as a mediator between the brain and the immune system, 
given its involvement in both [25]. This poses the question of wheth-
er the notoriously researched central nervous dopamine dysfunction 
in cocaine addiction is also accompanied by changes in the number, 
proportion and function of CD4+ (Cluster of Differentiation 4) and 
CD8+ (Cluster of Differentiation 8) lymphocytes, Natural Killer (NK) 
cells, and macrophages in the periphery. Despite limited studies in hu-
mans, emerging literatures have reported that cocaine acutely affects 
the number and activity of specific lymphocyte populations, including 
CD4+, CD8+ and NK-cells [18,19,26]. Whether these changes are 
long lasting still remains unclear, as reports in cocaine-addicted indi-
viduals are inconsistent [18,27]. Prolonged dopamine induced activa-
tion is responsible for the suppression of NK-cell proliferation [28], 
which would be a possible scenario in cocaine addiction. Considering 
the major role that NK-cells play in anti-viral immune defense, these 
undesired changes in the levels of NK-cells may have severe conse-
quences on immunity.

 The increasing knowledge about the effects of cocaine on immune 
system has raised concerns around whether using cocaine is associat-
ed with an increased risk for infections, and also with more rapid and 
severe progression of a contracted infectious disease. An interaction 
between cocaine and a virus has been shown for the human immu-
nodeficiency virus (HIV), but this may well apply to other infections 
[29]. One example of such an interaction involves the dopamine 
transporter (DAT), to which both the HIV-TAT protein (Trans-Acti-
vator of Transcription) and cocaine bind. The inhibition of DAT by 
cocaine leads to increased extracellular levels of dopamine which 
consequently blocks dopamine reuptake, TAT-protein functions as 
an allosteric modulator of the DAT [29]. This increase in dopamine 
concentration will result in an increment of inflammatory macro-
phages and greater permeability of the blood-brain-barrier, which in 
turn promotes the progression of HIV-associated pathology. Signifi-
cantly, the complexity associated in the interactions between cocaine 
and HIV are not limited to the DAT. Additional mechanisms such as 
cocaine-induced enhancement of HIV transcription and expression 
have also been reported [29,30]. Therefore, increased inflammation, 
accelerated progression of the infection and enhanced development 
of the HIV-associated neurocognitive disorder are the worst clinical 
outcome associated with using cocaine during HIV infection.

 Consequently, it is also possible that cocaine’s immunologic con-
sequences may relate to other notable effects associated with cocaine 
addiction, such as low body weight and poor sleep quality [31]. Even 
though the long term negative consequences of regular cocaine addic-
tion are most prominent in the domain of psychosocial functioning, 
the wide range medical complications frequently witnessed in chronic 
cocaine users has been increasingly getting attention in the last de-
cade [32,33].

Immunologic Consequences of Opioid
 Over the years, codeine has been the most commonly abused opi-
oid, and this is a growing problem worldwide. Although the majority 
of the abusers use it for recreational purposes, many got addicted to 
it after using it as a medication to relief pain and cough. Codeine, 
derived from opium poppy plant, is essentially used in the treatment 
of mild to moderate pain [5,34,35] and as a cough suppressant [5,36] 
which is similar to morphine and hydrocodone [37]. However, evi-
dence does not support its use for acute cough treatment in children 
or adults [38]. Like other opiates, codeine binds to opium receptors 
found on the pain signaling neurons causing molecular and cellular 
changes that prevent these neurons from sending signals to each other 
thereby stopping a person’s sensation of pain. Thus, codeine possess-
es significant central analgesic property, so it is widely used to relieve 
pains in patients suffering from cancer and in head trauma [37]. It has 
also been used in the treatment of diarrhea [5,34]. Codeine and its 
opioid relatives are increasingly replacing the scarce hard drugs like 
cocaine, indian hemp, and heroin [38,39], and they are mostly con-
sumed by young adults and teenagers [34]. These drugs could cause 
hyperactivities, depression, inflammation, hyperpsycoactivities, and 
other psychiatric disorders [38,39]. Codeine can produce adverse ef-
fects such as cutaneous symptoms such as; itching, rash, urticaria, 
angioedema, erythema nodosum, erythema multiforme,occupational 
eczema. It also causes bronchospasm (respiratory disorder), and hy-
potension, when administered intravenously [40].

 In addition to the above mentioned consequences, codeine and 
its opiate group have severally been demonstrated to have immuno-
suppressive potential. Opioids modulate both the innate and adaptive  
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immune system by binding to the Mu Opioid Receptor (MOR) and ul-
timately resulting to an impaired ability of the host to clear pathogens 
[41]. Opioid receptors are expressed throughout the body, in various 
tissues and cell types [42]. Previous studies have found that there are 
many opioid receptors on different kind of immune cells [43-45], such 
as the T cells, B cells and macrophages [42].These findings suggest 
that opioids may be directly mediating their various arrays of effects 
by binding to opioid receptors expressed on the immune cells. For in-
stance, a number of studies have reported that a significant degree of 
cross-talk can occur between the opioid receptors and the chemokines 
and chemokine receptor families [46]. Both the receptors of opioids 
and chemokines belong to the class of G Protein Coupled Receptors 
(GPCRs). Thus, a chemokine receptor can be blocked from signaling 
after binding its ligand when an opioid receptor binds its ligand. The 
effects of opioids on the immune system have been investigated in 
patients with prolonged use or people with a history of opioid abuse. 
The results demonstrated that these people are more susceptible to 
infectious agents than non-opiate users [34].

 The prevalence of HIV, hepatitis B and C, tetanus and malaria are 
also frequently observed among these patients [41]. Codeine-induced 
immunological suppression is likened to its opiate family pattern. 
Opiates suppress the immune system through either direct or indirect 
pathways. Direct immunosuppressive pathway requires direct inter-
action of the opioid on the mu receptor on the immune cells. In in-
direct process, the opioid acts on the Central Nervous System (CNS) 
and the Hypothalamic Pituitary Adrenal (HPA) axis which leads to the 
release of corticosteroid and immunosuppressive hormones thereby 
leading to the suppression of the immune system [42]. Olaniyan, et 
al. [34] demonstrated the immunological response of rabbits admin-
istered with codeine at both low and high doses using cortisol, an 
anti-inflammatory agent. Cortisol is released in the body in response 
to inflammation, low blood-glucose concentration and stress. It stim-
ulates gluconeogenesis [47], to suppress the immune system [34]. 
Their experiment demonstrated significantly lower level of cortisol 
in the plasma among rabbits fed with codeine containing meals when 
compared to those fed with normal meals. The low concentration of 
cortisol in the plasma was attributed to its excessive utilization to re-
duce inflammation, a consequence of codeine treatment [48].

 Immuno-modulative activity among opiates depends on the type 
administered independent of the duration of action or its potency. 
Typical example is the hydromorphone which has high potency, short 
action time and not immunosuppressive [41]. In a comparative study, 
Sarcerdote, et al. [49] reported that codeine induces a partial immu-
nosuppressive activity which leads to significant decrease in natural 
killer cell (NK) activity and interleukin-2 production. This study also 
demonstrated that morphine, a derivative of codeine, had stronger im-
munosuppressive activity than its parent drug [49]. The reason for 
the difference in their immunosuppressive properties was linked to 
their structural difference. This was as a result of the modification at 
the C3 position; codeine differs from morphine for the methyl sub-
stitution at C3. Morphine suppresses; NK cell activity, T cell and B 
cell responses to mitogens, antibody production and T cell mediated 
adaptive immune response, alongside down-regulation of cytokine 
and chemokine production by macrophages, microglia and astrocytes 
[50].

 Results have indicated that codeine activates mast cells. Larger 
concentrations of codeine and other opioids induce the activation of 
mast cells resulting to the liberation of mast cell mediators; histamine  

and tryptase in humans [48,51], with codeine, morphine and pethi-
dine having the greatest histamine-releasing potential [40]. Blunk et 
al. [51] demonstrated that this activation is not dependent on the mu 
receptors, but more likely, on the direct activation of G-proteins of 
mast cells. However, this is contrary to earlier publications postulat-
ing the involvement of the mu receptors on the histamine release from 
mast cells [52]. Sheen, et al. [48] also suggested that mast cell degran-
ulation may occur via the d-opioid receptor or the activation of the 
G-proteins of mast cells but not via the mu receptor. Codeine-induced 
activation of mast cell does not only result in the release of histamine, 
but can also induce the release of cytokines and chemokines which 
can recruit and activate T cells, eosinophils and other inflammatory 
cells. Thus, codeine use can also result to late cutaneous allergic in-
flammation through the production of these chemokines [48].

Immunologic Consequences of Marijuana
 Marijuana or Cannabis as it is also called is among the very oldest 
economic plants providing humans with fiber for spinning, weaving 
cloth, and making paper. Marijuana also provides seed for human 
foods and livestock feeds, as well as aromatic resin containing com-
pounds of pleasure and medicinal value. Human selection for varying 
uses and natural selection pressures imposed by diverse introduced 
climates has resulted in a wide variety of growth forms and chemical 
compositions. Over the years, marijuana has been the most commonly 
abused drug in the world. The illicit use of marijuana is not without 
significant health consequences. Marijuana is associated with effects 
on almost every organ system in the body, ranging from the central 
nervous system to the cardiovascular, endocrine, respiratory/ pulmo-
nary, and immune systems. The plant marijuana contains more than 
60 distinct chemicals called cannabinoids. Among them, D9-tetrahy-
drocannabinol (D9-THC) is the main psychoactive constituent, which 
was first structurally described in 1964 [53] and provided the name 
for this class of compounds. Cannabinoid effects on cellular immuni-
ty have been observed since 1970, when the first studies on marijuana 
smoking and its effect on the immune cells were reported. Since then, 
the effects of cannabinoids on immune function have been extensive-
ly studied.

 Cannabinoids can influence T cell immunity in various manners. 
They can affect T cell number and proliferation, but may also have 
important effects on T helper1 and 2 specific cytokines and TGF-b 
(transforming growth factor beta) secretion [54], as well as T cells 
response to viral infections. When an individual has low T cells the 
individual becomes more susceptible to viral infection. Low T cell 
count is also a sign that the immune system is not functioning prop-
erly, by extension abusers of marijuana who are HIV positive will 
progress into AIDS faster because of low CD4 count. Initial studies 
done on T cells from blood of marijuana abusers showed an inhibi-
tory effect such as decreases in number or sensitivity [55], but other 
studies failed to confirm these findings. This variability of results can 
be partly explained by the heterogeneity of the studies, with different 
routes of administration, type and quantity of marijuana used, THC 
(tetrahydrocannabinol) concentration, frequency of smoking and 
duration of inhalation. Secondly, moderate marijuana smoking has 
different effects on immune cells exposed directly to smoke than on 
cells of systemic immunity [56]. Alveolar macrophages in smokers 
have less cytokine production and responsiveness and lesser antimi-
crobial activity [56-58]. Acute exposure-related immune effects have 
also to be distinguished from those produced by chronic exposure 
to cannabinoids that may result in modulation of CBR (Cannabinoid  
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Receptor) expression, decreasing in T cell number and increased in-
cidence of infection and head and neck squamous carcinoma [55,43].

 Cannabinoid compounds present in marijuana affects number of 
B cells, proliferation of B cells, their migration, and Immunoglobulin 
(Ig) production or isotype switching [54]. B cells are responsible for 
fighting bacterial infection; hence low B cell count makes an indi-
vidual to be immune compromised. B cells, IgG and IgM, and some 
complement proteins are decreased in marijuana users [55] and an-
tibody production in smokers’ blood is differentially influenced by 
marijuana ingestion [59,60]. Also, antibody production is suppressed 
in splenocyte cultures by either synthetic corn plant CBR (Canna-
binoid Receptor) ligands, possibly by a G-protein-coupled receptor 
mechanism [61]. Recently, it was shown that tetrahydrocannabinol 
(THC) can induce dose-related immune suppression in both the pri-
mary and secondary in vitro plaque-forming cell assays of antibody 
formation, via CB2R (Cannabinoid Receptor Type 2) receptors [62]. 
B cell proliferation and migration can be differentially influenced by 
cannabinoid ligands, in cell subsets (Th1 and Th2). The effects on the 
more recently described Th17 subsets have not been extensively stud-
ied. Cannabinoids produce a biasing in the balance between the two 
types of Th cells, suppressing Th1 and enhancing Th2, both CB1R 
(Cannabinoid Receptor Type 1) and CB2R being involved in this 
immune deviation [63]. In addition, the natural killer cells (NK) are 
effector lymphocytes of the innate immune system that is in charge of 
the control of several types of microbial infections by reducing their 
spread and subsequent tissue damage. NK cell numbers are reduced 
by the intake of ‘‘bhang’’, a form of marijuana extracted from canna-
bis leaves and used as a drink or smoked [55]. Various studies on hu-
man has shown that both proliferation and cellular cytolytic activity 
can be influenced by cannabinoid treatment, reducing the functions 
of NK cells and these effects can be mediated by CB1R and CB2R 
[61,64].

Conclusion
 The use of illicit drugs continues to expand without limitations 
to all corners of the world, social status, race, or education. From the 
existing data, it is clear that cocaine, marijuana and opioids such as 
codeine and morphine, increase susceptibility to infections especial-
ly viral infection like HIV. Patterns are emerging that indicate illicit 
drugs suppress a number of measures of cell-mediated and humor-
al-mediated immunity. Infectious disease models also suggest an 
overall decrease in immunocompetence. The increasing epidemic of 
illicit drug use necessitates further investigation of its effects on im-
munocompetence, so as to curb the rapidly rising incidence of HIV 
and other infectious diseases.Furthermore, these known consequenc-
es of cocaine, marijuana and opioids on immune function can help us 
to better understand how these disorders can be regulated pharmaco-
logically.
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