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Öz

Opioid kullanım bozuklukları dünya çapında ölümcül bir sorundur. Farmakolojik tedaviler yoksunluk için etkilidir, ancak bağımlılığın 
tedavisinde yetersiz kalmaktadır. İmmünoterapi, opioid kullanım bozukluklarında umut verici bir tedavi yöntemidir. İmmünoterapi, 
antikorlarla maddeleri tespit etmeyi ve yakalamayı amaçlamaktadır. Maddelere karşı üretilen spesifik antikorlar psikoaktif bir 
maddeye bağlanır ve kan / beyin bariyerinden geçmelerini önler. Kan beyin bariyerini geçemeyen psikoaktif madde hem öfori 
etkisini hem de solunum depresyonu gibi yan etkilerini ortaya koyamayacaktır. Klinik öncesi çalışmalar etkinlik ve güvenilirlik 
açısından kısmen yeterlidir. Bununla birlikte, aşıları takiben kanda uzun süreli yüksek antikor seviyeleri elde edilememiştir. Klinik 
araştırma düzeyine ulaşmış olan opioid aşıları ile ilgili çalışma sayısı çok düşüktür. Aşıların etkinliğini artırma çabaları devam 
etmektedir. Bu çalışmalarda olumlu sonuçlar alınmasına rağmen aşılama çalışmalarında bazı zorluklar bulunmaktadır. Aşı 
gelişiminin mali yükü, opioid bağımlılarında çoklu maddelerin kullanımı, opioidlerin bağışıklık sistemi baskılanması ve opioid 
saflık derecesindeki değişiklikler bunlardan bazılarıdır. Tüm bu zorluklara rağmen, immünoterapi araştırmacıların ve hastaların 
umutla bekledikleri tedavidir.
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Abstract

Opioid use disorders are a deadly problem worldwide. Pharmacological therapies are effective for abstinence but remain inadequate 
in the treatment of addiction. Immunotherapy is a promising treatment modality in opioid use disorders. Immunotherapy aims 
to detect and capture substances by antibodies. Specific antibodies generated against substances bind a psychoactive substance 
and prevent them from passing through the blood/brain barrier. The psychoactive substance, which cannot pass through the blood 
brain barrier, will not be able to reveal both the euphoria effect and its side effects such as respiratory depression. Pre-clinical 
studies are partially sufficient in terms of effectiveness and reliability. However, long term high antibody levels could not be 
obtained in the blood following the vaccinations. The number of studies on opioid vaccines that have reached the clinical research 
level is very low. Thus, the effect of matter in the brain is prevented from occurring. Although effective results were obtained in 
preclinical studies, long-term high antibody levels could not be achieved in the blood. The number of studies that have reached 
the level of clinical research is insufficient. Efforts to increase the effectiveness of vaccines are ongoing. Although positive results 
are obtained in these studies, there are some difficulties vaccination studies. The financial burden of vaccine development, the 
use of multiple substances in opioid dependents, immune system suppression by the opioids, and changes in the degree of opioid 
purity are some of them. Despite all these difficulties, immunotherapy is the treatment that the researchers and patients expect 
with hope.
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UNITED NATIONS OFFICE on drugs and crimes has reported that approximately 
5.6% of the global population aged 15-64 years (275 million people) has used an illegal 
substance at least once in 2016 (2018). On the other hand, 31 million people using Other 
Psychoactive Substances (OPS) other than alcohol and tobacco have substance abuse 
disorder. Opioid related deaths make up 76 percent of deaths related to substance abuse 
disorders (WHO 2018). This rate shows that opioids are the most lethal substances among 
all substances. Opioids are not used only as psychoactive substances but also as painkillers. 
Use of prescribed opioid analgesics has increased more than two-fold between 2001-2013 
worldwide (Berterame et al. 2016). Studies have shown abuse of opioid painkillers to be the 
strongest risk factor for initiating heroin abuse (Compton et al. 2016). All these data show 
that opioid dependence is an increasing problem worldwide. 

Addictions involve a chronic and recurrent disease process (Xiaoshan et al. 2020). In 
addition to encountering many difficulties with the treatments currently used in addicitons, 
recurrence rates are also rather high (Campa et al. 2017). Increased recurrence rates mean use 
of opioids for a long time. Prolonged opioid use leads to physical, mental, social and cognitive 
functional disorders (WHO 2018). Impairments of executive functions like memory 
processing, impulse control and decision making are the most frequently seen functional 
cognitive disorders (Ornstein et al. 2000, Fernandez-Serrano et al. 2011). Although some 
studies show that functions are partially reversed after stopping opioid use, high doses and 
prolonged use lead to permanent cognitive and mental  impairment (Fernandez-Serrano et 
al. 2011, Koparal et al. 2020). Immunotherapy is introduced as a new treatment option for 
addicitons in pre-clinical studies (Baruffaldi et al. 2018).

Opioids have rather important functions on numerous body functions like processing 
and controlling harmful emotional inputs, homeostasis of hormones, analgesia and immune 
system. Endogenous opioids include β-endorphin, encephalin and dynorphin (Uyar and 
Eyigör 2008). In addition to these opioids, there are also opioid containing drugs which are 
mainly used in analgesia and addiction treatment (Holden et al. 2005). Both endogenous 
opioids and opioid containing drugs have significant effects on the immune system (Boland 
and Pockley 2018). Opioid receptors are located on the surface of various immunologic 
cells. It is proposed that immune response is changed or suppressed as a result of interaction 
between these receptors and opioids (Boland and Pockley 2018, Khosrow-Khavar et al. 
2019). 

In this study, efficacy of current drug treatments in opioid addiction, vaccine treatments 
developed against opioids, efficacy enhancing studies in vaccines and difficulties in vaccine 
treatments will be discussed.  

Efficacy and adverse effects of current drug therapies  
Addiction is usually treated with pharmacotherapy combined with psychotherapy (Uğurlu 
et al. 2012). Although such therapies are partially effective, they may not be satisfactory 
(Yılmaz et al. 2014). Many stimulants do not target a directly defined chemoreceptor. 
Stimulant substances act on transmitters in order to increase the amount of dopamine, 
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norepinephrine and serotonin in the synaptic cleft present in other reward centers and mainly 
the nucleus accumbens (Hahn et al. 2011). Therefore, it is difficult to achieve successful 
treatment outcomes with receptor antagonists (Uğurlu et al. 2012, Yılmaz et al. 2014).

Pharmacologic agents approved for opioid use disorders include opioid agonists (e.g., 
methadone and buprenorphine) and opioid antagonists (e.g., naloxone and naltrexone). 
Opioid agonists are used for detoxification of heroin and illicit opioid users (Evren et al. 
2000). Opioid antagonists are used for reducing craving and prevention of recurrences 
(Kulaksizoğlu et al. 2019).

Both types of treatment are useful for abstinence (Tellioğlu 2010, Evren 2019). However, 
they can also have some adverse effects. The most frequently seen adverse effects are headache, 
constipation, sleeplessness, asthenia, somnolence, nausea, balance problems, sweating and 
loss of libido. Elevation of liver enzymes is also another problem (Evren 2019). However, 
methadone and buprenorphine have the potential for abuse and have lethal risks like 
respiratory depression at excessive doses (Bell et al. 2009). Death from methadone overdose 
is reported to be more frequent than buprenorphine (Bell et al. 2009). Naltrexone which 
is an opioid antagonist is a treatment option used in the maintenance treatment following 
treatment for abstinence (Kulaksizoğlu et al. 2019). Adverse effects like energy loss, sleep 
problems, increased anxiety, nausea, vomiting, joint/muscle pain, headache and abdominal 
pain have been reported in one of ten patients (Evren 2019, Uğurlu et al. 2012). One of 
the most important problems related to naltrexone treatment is increased mortality risk 
due to drug overdose when patients treated with naltrexone return to using opioid (Darke 
et al. 2019). Patients increase the dose of opioid in order to surpass the antagonistic effect. 
And this leads to unwanted intoxications and risk of death. It was proposed in the studies 
performed in previous years that naltrexone caused impairment of endogenous opioid and 
hormone balance (Crowley et al. 1985; Kosten et al. 1986). In a prospective study including 
a small sample group staying sober for approximately one year to four years, patients using 
naltrexone developed dysphoria at a substantial degree (Crowley et al. 1985). 

Considering these disadvantages, immunotherapy for opioid use disorder can be a 
method for decreasing opioid use in the long term and carries less risk for adverse effects 
compared with the drugs (Kosten et al. 2002, Maurer et al. 2005, Cornuz et al. 2008). The 
fundamental purpose in immunotherapy involves recognition of psychoactive substances 
used as antigens and their capture by antibodies (Wainer et al. 1973, Bonese et al. 1974). 
Specific antibodies that develop against the substances bind to psychoactive substances and 
prevent their passage through the blood/brain barrier.  Thus the reward effect created in 
the brain by the substance and possible side effects are prevented (Li et al. 2015). Absence 
of euphoria effect despite substance use is thought to facilitate addiction treatment to a 
great extent (Kosten and Owens 2005, Shen and Kosten 2011). The most important 
advantage of this treatment is absence of adverse effects on the central nervous system 
usually occurring during pharmacotherapy (Anton and Leff 2006, Li et al. 2011), because 
psychoactive substance captured by the antibody cannot pass to the brain or passes very 
little. Data obtained from animal and human studies reveal that vaccines developed against 
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psychoactive substances present a favorable safety profile (Kosten et al. 2002, Maurer et al. 
2005, Cornuz et al. 2008). With these effects, immunotherapy seems to be a very promising 
therapeutic approach. 

General characteristics of humoral immune system
The humoral immune system is made of antibodies produced by B cells. The antibodies target 
antigens outside the cells. After binding to these antigens, antibodies have the function 
of neutralizing or eliminating them (Abbas et al. 2012, Durmaz 2013). Development and 
maturation of B cells occur in the bone marrow in approximately 2-3 days, independently 
from antigens (Delves and Roitt 2000a). Receptors of B cells which have never encountered 
antigens (mature naive) are IgM and IgD molecules. Antigen specificity of these surface 
antibodies is extremely high and can recognize 107-1011 types of different antigens (de 
Souza et al. 2010). This immunity formed by mature naive B cells is the primary immune 
response. This immune system has a slow response which develops within several weeks. It 
produces antibodies with low affinity against various antigens (Delves and Roitt 2000b). 

Some of mature naive B cells take place in the secondary immune system which is antigen 
dependent by migrating to peripheral lymphoid tissues. These cells recognize the antigen 
but cannot produce antibodies. They need to be activated in order to produce antibodies 
(helper T cell mediated or not) (Mesquita Júnior et al. 2010). B cell antigen receptors can 
recognize polysaccharides, lipids, glycolipids, nucleic acids and small soluble molecules 
(Ollila and Vihinen 2005). These products somehow stimulate B cells independently from 
T cells and lead to the production of antibodies. However, help of CD4+ T cell (Helper T 
Cell) is needed to recognize antigens containing proteins. While the early phase of T cell 
mediated humoral immune response occurs at the border of primary follicles and regions 
rich in T cells, the late phase occurs at the germinal centers of secondary lymphoid follicles 
(Mesquita Júnior et al. 2010, Durmaz 2013). 

Dendritic cells present protein containing antigens to helper T cells (Yılmaz Göler et al. 
2015). When these antigen presented T cells and ready B cells find each other, the protein 
antigen is taken inside the cell through endosomal vesicles. After these protein antigens 
pass through a series of processes, various interactions occur between helper T cells and 
B cells (Cambier and Getahun 2010).  Following these interactions, activation steps like 
proliferation of B cells, differentiation, antibody production, change in heavy chain isotype/
class and formation of memory cells are stimulated (Ollila and Vihinen 2005). Nevertheless, 
IL-2, IL-4, IL-5 and IL-6 cytokines released from active helper T cells allow proliferation 
and differentiaton of B cells. While some proliferated B cells transform into active antibody 
releasing effector B cells, others transform into memory B cells (Abbas et al. 2012). These 
processes of transformation and development in the immune system are shown in Figure 1.

The immunotherapy method aimed in substance use disorders is generally similar to the 
treatments in other infectious diseases (tuberculosis, measles, whooping cough etc.) (Anton 
and Leff 2006, Li et al. 2011). But there are some small differences. Sizes of the substances 
used for psychoactive purposes are rather small (Pravetoni and Comer 2019). Therefore, 
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they can easily pass the blood brain barrier and affect the central nervous system. Their small 
size makes it difficult for an immune response to be generated against these substances 
(Pravetoni 2016). In vaccines developed against infectious agents, the parts of these agents 
that can produce antibodies the most (capsule, toxin etc.) are used (Anton and Leff 2006). 
These parts can be rapidly recognized by the immune system due to their size. In vaccines 
developed against psychoactive substances, conjugation with large immunogenic proteins 
with demonstrated efficiency in other vaccines (tetanus toxin, cholera toxin etc.) is aimed 
in order to increase the efficacy of vaccines and duration of immunity   (Anton and Leff 
2006, Li et al. 2011, Pravetoni and Comer 2019). Due to these processes, psychoactive 
sucbstances cannot pass the blood brain barrier and remain in the circulation for a longer 
time. And this increases production of antibodies against the substances taken (Kosten et al. 
2014). Opioids present in the peripheral circulation are captured by the antiboides produced 
and are phagocytosed by the phagocytes (monocytes, macrophages). During phagocytosis, a 
part of opioids combined with hapten and carrying antigenic characteristics is presented to 
other lymphocytes with the mediation of macrophages. Thus, lymphocytes are activated and 
antibody production is intensified (Ollila and Vihinen 2005).  A simple image of passage of 
opioids to the brain under conditions with and without vaccine is shown in Figure 1.  

Opioids used for psychoactive purposes (heroin, morphine, fentanyl, oxycodone etc.) 
cannot be sufficient alone for inducing antibody response in the vaccines developed against 
opioid use disorders and are currently under investigation (Pravetoni and Comer 2019). 

Figure 1. The humoral immune system and antibody development 
(A) Development of B lymphocyte in the bone marrow. Mature naive B cell that develops in the bone marrow is involved 
in primary immune responce. (B) Antigen dependent secondary immune response. B lymphocytes migrating to peripheral 
lymphoid tissue encounter antigens mediated or not. IgM and IgD occur in non-T cell-mediated exposure, whereas IgG occurs in 
T-cell-mediated exposure. (C) Blood Brain Barrier. Antibodies (IgM, IgD, IgG) formed as a result of B lymphocytes encountering 
antigens take place in the circulation.



114 Geniş et al. 

Psikiyatride Güncel Yaklaşımlar - Current Approaches in Psychiatry

Molecules that cannot induce antibody production alone but show this capacity when 
attached to a protein are called haptens (Hwang et al. 2018). Therefore, opioids can act as 
haptens in vaccine studies. Different antigens and adjuvants are added to these haptens (to 
psychoactive substances) to boost immunity. Most commonly used antigens/modulators are 
keyhole limpet hemocyanin (KLH) and tetanus toxoid (Bremer and Janda 2017). Most 
commonly used adjuvants are Freund’s adjuvant and aluminum compounds (Alving et al. 
2014). Adjuvants are substances added for producing more antibodies and longer immunity. 
Aluminum compounds are the most important adjuvants used in vaccines developed since 
1920s until today (Baylor et al. 2002). Therefore, they are among the best known adjuvants. 
But inability to stimulate cellular immunity, producing granulomas at infection sites, 
affection of brain and bone tissues by high levels of aluminum and accumulation in the 
body in renal disorders are major adverse effects of these adjuvants (Exley et al. 2010). These 
adverse effects can be a few of the important limitations in adjuvant substance use. Bovine 
serum albumin can also be used to limit the inappropriate chemical reactions in the vaccines 
developed for opioid addiction (dissociation of vaccine contents, sticking to the vial surface 
etc.) (Kosten et al. 2013). 

Vaccine therapy
Vaccines at the stage of development against opioids have remained behind the vaccines 
developed against coaine and nicotine regarding efficacy (Zalewska-Kaszubska 2015).  One 
of the most important reasons for this is the fact that heroin is a precursor (Berber et 
al. 2011). That is, heroin undergoes changes following intake and metabolites are formed. 
Therefore, it is dfficult to develop a vaccine against heroin which is not stable in the 

Figure 2. Transition of opioids to the brain in vaccinated and unvaccinated situations
(A) Unvaccinated situation. It easily crosses the Blood-Brain barrier after opioid intake. (B) Vaccinated situation. Antibodies 
formed after opioid vaccines capture opioids in the circulation. Thus, less opioids enter the brain.
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body. Heroin is hydrolysed by serum and liver esterases into more stable compounds of 
6-monoacetylmorphine (6-MAM) and morphine. Later, morphine can transform into 
morphine-3-glucuronide (M-3-G) and morphine-6 glucuronide (M-6-G) via the enzymes 
in the liver and kidneys (Inturrisi et al. 1983, Selley et al. 2001). 

These enzymatic activities occur rapidly and opioid containing substances can pass into 
the central nervous system. Therefore, vaccines developed against opioids are more difficult 
to develop than vaccines against nicotine and cocaine and their efficacy is less (Zalewska-
Kaszubska 2015).  When nicotine and cocaine are bound by antibodies, the problem is 
solved to a great extent (Pravetoni and Comer 2019). But the same process is not true for 
opioids. Even if antibodies are produced against heroin, toxic effects of opioids continue 
unless antibodies are produced against the metabolites (Kimishima et al. 2017). Therefore, 
it is important to develop vaccines not only against heroin but also against its metabolites 
when developing vaccines against opioids. Thus it will be possible to eliminate the effects of 
both heroin and its metabolites. 

Preclinical studies (Animal studies)
It is known since 40 years that vaccines developed against morphine, heroin, codeine and 
their metabolites stimulate immune response (Berkowitz and Spector 1972, Wainer et al. 
1973, Bonese et al. 1974). Studies have focused on morphine. The vaccine produced in 1972 
against 3-carboxymethyl morphine was tried on mice by vaccinating once a week for 16 
weeks (Berkowitz and Spector 1972). When morphine was given to mice at a dose of 0.5-1 
mg/kg, the selective analgesic effect of morphine was noted to decrease in vaccinated mice. 
That is, pharmacologic effects of morphine were limited. These results have led to the idea 
that the effects of morphine can be reduced or completely eliminated. One year after these 
studies  Wainer et al. (1973) have found that, in addition to morphine, antibodies obtained 
against 6-succinylmorphine also affected  heroin and 6-MAM which are each a derivative 
of morphine. Actually this is exactly the desired result, because individuals with substance 
abuse disorder can use multiple opioid containing substances at the same time. Production of 
antibodies against many opioid contents by a developed vaccine is one of the major advances 
in research. Nevertheless, this study has shown that binding properties vary depending on 
the hapten used. During the same period, Bonese et al. (1974) have shown that following use 
of vaccines produced against morphine-6-hemisuccinyl in a heroin addict rhesus monkey, 
the monkey reduced the amount of morphine it used on its own. This reduction in the 
morphine they administered to themselves is important regarding the behavioral changes 
induced by antibodies, because one of the most important targets aimed is reduction of 
use of and desire for substances in individuals with addiction. These progresses in vaccine 
studies have started to regress with the use of methadone as an effective treatment option 
(Scher 1972, Goldstein 1972). Vaccine studies became popular again after the limitations 
and problems in drug therapies were observed, as discussed above.   

Anton and Leff (2006) have developed a vaccine in the form of morphine-6-hemisuccinate 
conjugated with tetanus toxin. This vaccine has produced antibodies against morphine and 
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heroin. This vaccine is very important regarding its hapten structure and providing an efficient 
immunization against both heroin and morphine. Later, this vaccine could not move on to 
clinical studies because of its inadequate efficacy (Anton and Leff 2006). Li et al. (2011) 
have investigated the vaccine containing 6-glutaryl-morphine (6-GM) which weakens the 
locomotor activity of heroin in rats. Until this study, the substance used as hapten has been 
morphine-6-succinyl or a similar substance. Li et al. (2011), on the other hand, have used 
a new hapten (6-glutaryl-morphine). Dopamine levels in nucleus accumbens were found 
to be significantly low and locomotor activities were less in rats undergoing vaccination 
compared with those not vaccinated. Elevated antibody levels have reduced heroin craving 
bahavior. This was shown as an important novelty. One of the important outcomes in this 
study is increased antibody production specific for morphine and heroin by the vaccine, 
while no antibodies were produced for other opioid compounds like buprenorphine, 
methadone, naloxone, naltrexone, nalorphine or codeine. It is very valuable that antibodies 
are not produced against these drugs, because these results support that vaccine therapies 
can be used in individuals using any one of these drug threapies for opioid addiction or 
analgesic purposes. In other words, vaccine therapies and opioid compounds can be used 
concomitantly in the treatment. These researchers also noted a reduction in heroin craving 
behavior of mice in the same study. However, this effect markedly decreased 25 days later. 
Therefore, they conducted a new vaccine study to increase the efficacy of these vaccines, to 
obtain higher antibody affinity and for better opioid blockage (Li et al. 2015). They used 
N- (ε-trifluoroacetylproxy) succinimide ester (TFCS) instead of 6-GM in this vaccine. 
They attached this structure to KLH and created the Morphine-TFCS-KLH vaccine. This 
vaccine was created after the procedures performed on 6-GM. As in the previous study, 
the vaccines were administered subcutaneously on days 0, 14, 28 and 42. Similar results 
regarding dopamine level and absence of production of antibodies against buprenorphine, 
naloxone and nalorphine were also obtained in this study. With these results, a higher level 
of antibodies compared with the previous study was obtained and reduction in heroin 
craving behavior was also observed after the 25th day.  

Raleigh et al. (2013) analyzed the distribution of heroin and its metabolites in order to 
understand how morphine-KLH vaccines altered the behavioral effects of heroin in rats. In 
this study, 6-MAM was found as the dominant metabolite in the brain a short while after 
intravenous heroin was administered in rats that were not vaccinated. This metabolite was 
found to be decreased in the brain in rats vaccinated with morphine-KLH. However, it 
was reported that there was a decrease in the effects of heroin, methadone and oxycodone, 
analgesia caused by heroin was decreased and self-administration was decreased. These 
effects were shown to be related to high antibody levels. Similar to these studies, numerous 
studies using morphine have been conducted (Kosten et al. 2013, Raleigh et al. 2018). It 
was found in these studies that basically antibodies were produced, heroin craving behavior 
was decreased and analgesic effect decreased. But pre-clinical vaccine activities could not 
provide a complete sufficiency to move on to post clinical studies.  
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  Together with heroin use worldwide, a considerably high level of opioid prescriptions 
has been shown (oxycodone, hyrocodone, fentanyl etc.) (Berterame et al. 2016, Neuman 
et al. 2019). Excessive use of opioids as painkillers is named “opioid epidemic”. This 
increase in opioid prescriptions was also reflected in vaccine studies. Vaccines developed 
against these opioid containing drugs aim to eliminate both active substances and their 
metabolites (Pravetoni et al. 2012a, Pravetoni et al. 2012b), because people with opioid 
addiciton frequently shift among numerous different opioids (Pravetoni and Comer 2019). 
Also,  it is stated that illicit use of prescribed opioids (oxycodone and hydrocodone) in the 
last 10 years has surpassed heroin use (CBHSQ 2015). This shows the increasing danger of 
opioid containing drugs. Vaccines developed against oxycodone and hydroxycodone have 
shown that these substances decrease brain/serum ratios (Pravetoni et al. 2012a, Pravetoni 
et al. 2012b), drug induced analgesia (Cornuz et al. 2008, Pravetoni et al. 2012c) and self 
administration (Pravetoni  et al. 2014). 

Fentanyl is a potent opioid analgesic used for analgesia. On the other hand, its addiction 
potential was found to be 80 times more potent than morphine (Mounteney et al. 2015). 
Fentanyl use is gradually increasing and mortality rates related to overdose are also increasing    
(Morgan 2017). Therefore, Bremer et al. (2016) have performed a study for developing 
fentanyl vaccine. Researchers have conjugated fentanyl to tetanus toxoid proteins and have 
undertaken a series of conjugation procedures. Endogenous Ig G antibodies have developed 
with the Fentanyl-TT (Fentanyl-Tetanus Toxoid) conjugate vaccine admnistered to mice. 
The analgesic effect of fentanyl disappeared after vaccination and this continued for one 
month. One of the important results was observing a mortality rate of 55% in the control 
group when lethal doses of fentanyl analogues were given to mice, while mortality rate was 
18% in the vaccinated group. These results show that the vaccine made for fentanyl is rather 
effective in reducing mortality at high doses.  

There is some concern about the vaccines developed against opioids. The first is decrease 
in drug efficacy as a result of cross reaction of the antibodies with the drugs currently used 
in threapy (methadone, buprenorphine, naloxone etc.) (Sulima et al. 2018). Therefore, 
researchers have drawn attention especially to this subject in their studies and have handled 
in detail the outcomes of cross reactions (Matyas et al. 2014, Sulima et al. 2018). Absence 
of development of cross reactions means that opioid antagonists or agonists can be used 
concomitantly with vaccine therapies. The efficacy of these combination therapies is 
expected to be higher.  Naloxone, a major opioid antagonist, is used for emergency therapy 
of  opioid overdose (Giglio et al. 2015). Therefore, it is very important that opioid vaccines 
do not reduce the effect of naloxone. In the study of Raleigh et al. (2017), both the degree 
and reversibility rate of respiratory depression treated by naloxone were fully preserved 
in rats immunized with oxycodone-dimeric KLH vaccine. In this regard, the vaccinated 
and control groups were comparable (Raleigh et al. 2017). Another concern about opioid 
vaccines is decrease in vaccine efficacy as a result of suppression of the immune system by 
opioids. Studies have shown that   many opioids and mainly morphine decrease production 
of antibodies against infectious agents (HIV, HBV, HCV, influenza etc.) or immunogens 
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(Borg et al. 1999, Quaglio et al. 2002). When this effect of opioid use is considered, decrease 
in immunity with opioid use in the vaccines developed is a serious problem. Higher doses 
of vaccines may be needed with the decrease in immunity or a dose of vaccine may be 
needed. The finding in a study that the immunity produced by a developed opioid vaccine 
is suppressed with continuous morphine infusion is rather valuable (Raleigh et al. 2017). 
These results show that vaccines to be developed can be effective despite the suppressive 
effect of opioids.  

Basically, opioid vaccines have been developed with the aim of decreasing the rewarding 
and euphoria creating effect of opioids. Nevertheless, decreasing the toxic effects caused by 
opioids such as respiratory depression, bradycardia and coma is another aim. Studies show 
that the vaccines significantly decrease other lethal signs and mainly respiratory depression. 
(Raleigh et al. 2017, Raleigh et al. 2018). Considering that 76% of substance abuse related 
deaths worldwide is high dose opioid use, deaths can be reduced considerably when the 
vaccines developed are introduced into clinical practice (WHO 2018). The findings obtained 
from vaccine studies developed against opioids are promising. But, opioid vaccines are not 
at the phase of clinical research yet. Therefore, studies investigating the efficacy of vaccines 
are ongoing.

Preclinical studies conducted for ıncreasing vaccine efficacy  
despite promising animal studies, vaccines developed against opioids have not met the 
expectations yet. The basic reason for this is insufficiency of levels of serum antibodies 
obtained (Kosten et al. 2002, Martell et al. 2009, Hatsukami et al. 2011). These difficulties 
are also seen in nicotine and cocaine vaccines which are a step ahead of opioid vaccines 
(Zalewska-Kaszubska 2015). For instance, studies have found IgG levels of 40μg/ml, the 
threshold accepted for abstinence from smoking and cocaine, in 30%-38% of vaccinated 
individuals (Martell et al. 2009, Hatsukami et al. 2011). These rates show that nicotine or 
cocaine vaccines are useful in three of ten individuals vaccinated. Although these rates are 
partially sufficient, the expected efficacy is higher. 

Clinically effective antibody levels have been reached in a very small part of people with 
the available vaccines. At this stage, the reason of this problem has not been understood yet.  
Absence of markers that show the efficacy of the vaccines developed or in whom they could 
be effective is an important problem preventing maturation of vaccine studies. Researchers 
who have dealt with this deficiency have analysed B cell profiles before vaccination (Taylor 
et al. 2014). They have reported that naive B cells show higher affinity for the most effective 
hapten and immunogens and B cells specific for activated hapten are the early proof of 
vaccine success. Upon these results, researchers have used a paired antigen based enrichment 
strategy with flow cytometry analysis in their study carried out to increase the number of 
hapten specific B cells (Laudenbach et al. 2015). As a result of these enrichment studies, 
they found a higher number of naive and early activated hapten specific B cells in spleen 
biopsies and blood. This elevated number was similarly found to be associated with high 
vaccine efficacy. Also in this study, CD4+ T cell dependent B cell activation, number of pre-
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vaccination carrier-specific CD4+ T cells and germinal center activation were found to be 
associated with the efficiency of vaccine.  

In another study of Laudenbach et al. (2018), the authors investigated the relationship 
between major immunomodulators participating in B and T cell lymphocyte activation 
and activity of vaccines developed against oxycodone. Inhibition of IL-4 transmission has 
increased vaccine efficacy and decreased distribution of oxycodone in the brain. However, 
opioid related toxicity occurring in mice has decreased. As part of the study, when IL-4 level 
was decreased, tetanus-diphtheria-pertussis vaccine was concomitantly administered and 
the efficacy of these vaccines were also shown to increase. Data of this study show IL-4 as 
a pharmacologic target for increasing the efficacy of new generation vaccines (Laudenbach 
et al. 2018).

Clinical studies (Human studies)
Almost all of opioid vaccines have been administered to mice, rats and non-human primates. 
On the other hand, only two studies were carried out on human volunteers (Akbarzadeh et 
al. 2007, Akbarzadeh et al. 2009). The first research was a randomized double blind study 
on 102 individuals aiming to investigate the safety and immunization of morphine vaccine 
in humans (Akbarzadeh et al 2007). Bovine serum albumin was conjugated to morphine-
6-succinyl as carrier protein and aluminum hydroxide as adjuvant. Patients with morphine 
addiction were followed for 1 year. Patients were vaccinated on days 0, 30 and 60. Samples 
were divided into 4 groups as the placebo group and groups undergoing administration 
of morphine vaccines at three different doses (12.5 ug mL, 100 ug mL and 600 ug mL). 
The most frequently reported adverse effects were local pain and tenderness. These adverse 
effects were independent of the dose and were found to be similar to placebo. The most 
frequently seen treatment related systemic adverse events (for all doses) were tachycardia, 
high fever, hypertension, headache, pharyngitis, twitches and nausea, whereas in the placebo 
group high fever, hypertension and headache were noted. The first clearly detectable IgG 
anti-morphine antibody was observed at doses of 100 and 600 ug mL after the first injection 
and at 12.5 ug mL dose after the second injection. Antibodies reached a peak in three 
months and did not regress to the baseline level for one year. It was reported at the end of 
the study that 95% of the patients did not carry DSM III-R morphine addiction criteria 
and were healed. 

A second study was conducted by the same study team on 347 volunteers with morphine 
addiciton (Akbarzadeh et al. 2009). Morphine-6-succinate, aluminum hydroxide and bovine 
serum albumin were present in the vaccine. The vaccines were administered on days 0, 30 
and 60. The vaccine was systemically well tolerated. On the other hand, local adverse effects 
were reported to be less compared with other vaccines (BCG, MMR etc.). A detectable 
increase was noted in the levels of anti-morphine antibodies, total protein and gamaglobulin 
following the first vaccination. Following the second and third vaccinations, the increase 
in the amount and concentration of anti-morphine antibody was detected more potently. 
While antibody amounts reached a peak level in the third month (one month after the last 
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dose), it was noted to decrease following the fourth month. But this was reported to be 
an expected situation. One year later, levels of anti-morphine antibodies, total protein and 
gamaglobulin were found to be above baseline levels. Reseraches have suggested that even 
though antibody levels are seen to be above baseline levels, a repeat vaccination in the first 
year would be appropriate. It was reported that during the one-year period of the study, the 
patients tolerated the vaccine well and did not have serious problems related to psychoactive 
substances. While antibody responses of the patients induced by the vaccines and adverse 
effects were evaluated in detail in this study, variables like frequency of substance abuse, the 
status of meeting addiction criteria after the study, state of euphoria following substance 
abuse and recurrence rates were not reported. And this has left the question of what the 
effects of the vaccines are on treatment and recurrence unanswered.    

Challenges in vaccine studies
Studies on opioid vaccines have been continuing for a long time (Berkowitz and Spector 
1972, Wainer et al. 1973, Bonese et al. 1974). However, due to the difficulties in developing 
vaccines against opioids and the presence of partially effective pharmacotherapies for opioid 
addiciton, vaccine studies follow a rather slow course.   

One of the basic difficulties in the development of vaccines is the fact that heroin is a 
precursor substance (Berber et al. 2011). Heroin rapidly separates into its metabolites in 
the brain and peripheral circulation (Inturrisi et al. 1983, Selley et al. 2001). Developed 
vaccines should target all these molecules in order to be effective. Although there are partial 
progresses on this subject, it is still one of the most important problems (Wainer et al. 1973, 
Kimishima et al. 2017). On the other hand, people with addiciton do not use a single opioid 
and shift between substances (Pravetoni and Comer 2019). And this is among the reasons 
that can decrease efficacy of the vaccine.  

It is reported in the European Drug Addiction Report (2019) that purity of the opioid 
is decreased in time and is altered between 9% and 51%. Change in purity means that 
unknown substances are mixed into the psychoactive substances produced. Mixing opioids 
with other substances or synthetic products will also reduce vaccine efficacy. 

Although available drug therapies do not yield a definite solution,  they help the patients 
overcome their abstinence period with more comfort and provide support in maintenance 
therapy (Kulaksizoğlu et al. 2019). Costs of these therapies are much lower than vaccine 
therapies (Brashier et al. 2016). Developing a new vaccine and supporting this vaccine with 
both preclinical and postclinical studies are both time consuming and costly. The heavy 
financial burden in developing a vaccine is another cause that hampers immunotherapy 
methods. 

Preclinical studies have produced adequate levels of antibodies following vaccination 
(Anton and Leff 2006, Li et al. 2015). But these antibodies cannot remain in the blood for 
a long time (Bremer et al. 2016). Therefore, studies are needed for increasing the efficacy 
of vaccines and repeated injcections for providing high antibody titers (Akbarzadeh et al. 
2009). And this inceases the already heavy financial burden. On the other hand, suppression 
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of immunity by opioids is a known fact. And this can decrease vaccine efficacy and additional 
vaccinations may be needed. 

Opioid vaccines aim to decrease the euphoria and analgesia induced by the opioids 
(Kosten and Owens 2005, Shen and Kosten 2011). Reduction of euphoria and analgesia 
can cause some substance users to use higher doses of opioids in order to achieve euphoria 
and analgesia. Although it has been shown in preclinical research that vaccinations reduce 
opioid use related toxicity, opioid overdose is a lethal condition (Raleigh et al. 2017, Raleigh 
et al. 2018). It seems that developed vaccines need both preclinical and clinical studies 
carried out on this aspect.   

Conclusion 
Opioid use disorders are lethal problems worldwide. Although available pharmacologic 
therapies are effective for abstinence, they are insufficient in the treatment of addicition. 
Immunotherapy is a promising treatment method for opioid use disorders. Although effective 
results have been obtained in preclinical studies, prolonged antibody levels in the blood could 
not be attained. Studies that have reached clinical research stage are very few in number. 
This shows that we need to wait a little more for clinical research related to vaccine studies. 
Studies that can increase efficacy of vaccines are ongoing. Although favorable results have 
been obtained in these studies, there are some difficulties facing vaccine studies. Financial 
burden of vaccine development, need for repeated vaccination to achieve the necessary 
antibody levels,  suppression of immunity by opioids and changes in purity degrees of opioids 
are some of these. Despite all these difficulties, immunotherapy for substance addicitions is a 
treatment method followed by the patients and researches with hope.  

References 
Abbas AK, Lichtman AH, Pillai S (2012) B cell activation and antibody production. In Cellular and Molecular Immunology (Eds AK 
Abbas, AH Lichtman, S Pillai). Philadelphia, USA, Elsevier Saunders.

Akbarzadeh A, Norouzian D, Farhangi A, Mehrabi MR, Bakhtiari M, Afshar P et al. (2007) Study of human therapeutic morphine 
vaccine: Safety and immunogenicity. Asain J Biochem, 2:58-65.

Akbarzadeh A, Norouzian D, Farhangi A, Mehrabi MR, Chiani M, Zare D et al. (2009) Immunotherapy of 347 volunteer outpatient 
morphine addicts by human therapeutic morphine vaccine in Kermanshah province of Iran. J Pharmacol Toxicol, 4:30-35.

Alving CR, Matyas GR, Torres O, Jalah R, Becka Z (2014) Adjuvants for vaccines to drugs of abuse and addiction. Vaccine, 32:5382-5389.

Anton B, Leff P (2006) A novel bivalent morphine/heroin vaccine that prevents relapse to heroin addiction in rodents. Vaccine, 
24:3232-3240.

Avrupa Uyuşturucu ve Uyuşturucu Bağımlılığını İzleme Merkezi (2019) Avrupa Uyuşturucu Raporu 2019: Eğilimler ve Gelişmeler, 
Lüksemburg, Avrupa Toplulukları Resmi Yayınlar Bürosu.

Baruffaldi F, Kelcher AH, Laudenbach M, Gradinati V, Limkar A, Roslawski M et al. (2018) Preclinical efficacy and characterization of 
candidate vaccines for treatment of opioid use disorders using clinically viable carrier proteins. Mol Pharm, 15:4947-4962.

Baylor NW, Egan W, Richman P (2002) Aluminum salts in vaccines--US perspective. Vaccine, 20(suppl 3):S18-S23.

Bell JR, Butler B, Lawrance A, Batey R, Salmelainen P (2009) Comparing overdose mortality associated with methadone and 
buprenorphine treatment. Drug Alcohol Depend, 104:73-77.

Berber G, Şahin M, Kandemir E, Kantarcı MN, Berber N (2011) Determination and method validation of heroin, morphine, codeine ve 
6-monoacetylmorphine by GC-FID. Adli Tıp Dergisi, 25:99-106.



122 Geniş et al. 

Psikiyatride Güncel Yaklaşımlar - Current Approaches in Psychiatry

Berkowitz B, Spector S (1972) Evidence for active immunity to morphine in mice. Science, 178:1290-1292.

Berterame S, Erthal J, Thomas J, Fellner S, Vosse B, Clare P et al. (2016) Use of and barriers to access to opioid analgesics: a worldwide, 
regional, and national study. Lancet, 387:1644-1656.

Boland JW, Pockley AG (2018) Influence of opioids on immune function in patients with cancer pain: from bench to bedside. Br J 
Pharmacol, 175:2726-2736.

Bonese KF, Wainer BH, Fitch FW, Rothberg RM, Schuster CR (1974) Changes in heroin self-administration by a rhesus monkey after 
morphine immunisation. Nature, 252:708-710.

Borg L, Khuri E, Wells A, Melia D, Bergasa NV, Ho A et al. (1999) Methadone-maintained former heroin addicts, including those who are 
anti-HIV-1 seropositive, comply with and respond to hepatitis B vaccination. Addiction (Abingdon, England), 94:489-493.

Brashier DBS, Sharma AK, Akhoorn N (2016) Are therapeutic vaccines an answer to the global problem of drug and alcohol abuse?. 
Indian J Pharmacol, 48:487-489.

Bremer PT, Kimishima A, Schlosburg JE, Zhou B, Collins KC, Janda KD (2016) Combatting synthetic designer opioids: active vaccination 
ablates lethal doses of fentanyl class drugs. Angew Chem Int Ed Engl, 55:3772-3775.

Bremer PT, Janda KD (2017) Conjugate vaccine immunotherapy for substance use disorder. Pharmacol Rev, 69:298-315.

Cambier JC, Getahun A (2010) B cell activation versus anergy; the antigen receptor as a molecular switch. Immunol Lett, 128:6-7.

Campa A, Martinez SS, Baum M (2017) Drug addiction, relapse and recovery. J Drug Abuse, 3:1-2.

Center for Behavioral Health Statistics and Quality (CBHSQ) (2015). Behavioral health trends in the United States: Results from the 
2014 National Survey on Drug Use and Health. Available from: URL:https://www.samhsa.gov/data/sites/default/files/NSDUH-
FRR1-2014/NSDUH-FRR1-2014.pdf Accessed date:20.12.2019.

Compton WM, Jones CM, Baldwin GT (2016) Relationship between nonmedical prescription-opioid use and heroin use. N Engl J Med, 
374:154-163.

Cornuz J, Zwahlen S, Jungi WF, Osterwalder J, Klingler K, Melle GV et al (2008) A vaccine against nicotine for smoking cessation: a 
randomized controlled trial. PLoS One, 3:e2547.

Crowley TJ, Wagner JE, Zerbe G, Macdonald M (1985) Naltrexone-induced dysphoria in former opioid addicts. Am J Psychiatry, 
142:1081-1084.

Darke S, Farrell M, Duflou J, Larance B, Lappin J (2019) Circumstances of death of opioid users being treated with naltrexone. Addiction, 
114:2000-2007.

de Souza AWS, Mesquita Júnior D, Araújo JAP, Catelan TTT, Cruvinel WdeM, Andrade LEC et al. (2010) Immune system: part III. The 
delicate balance of the immune system between tolerance and autoimmunity. Rev Bras Reumatol, 50:665-679.

Delves PJ, Roitt IM (2000a) The immune system: First of two parts. N Engl J Med, 343:37-49.

Delves PJ, Roitt IM (2000b) The immune system: Second of two parts. N Engl J Med, 343:108-117.

Durmaz EÖ (2013) B hücre aktivasyonu ve antikor üretimi. Türkderm-Deri Hastalıkları ve Frengi Arşivi Dergisi, 47:24-27.

Exley C, Siesjö P, Eriksson H (2010) The immunobiology of aluminium adjuvants: how do they really work? Trends Immunol, 31(3):103-
109.

Evren C, Tamar D, Babayağmur B, Çakmak D (2000) Opioid bağımlılığının tedavisinde buprenorfin: Metadonla karşılaştırma çalışmaları. 
Klin Psikofarmakol Bulteni, 10:205-212.

Evren C (2019) Buprenorfin/nalokson uygulamaları ve kazanılan tecrübeler. In Alkol ve Madde Kullanım Bozuklukları Temel Başvuru 
Kitabı (Eds C Evren):180-192. Ankara, TPD Yayınları.

Fernandez-Serrano MJ, Perez-Garcia M, Verdejo-Garcia A (2011) What are the specific vs. generalized effects of drugs of abuse on 
neuropsychological performance? Neurosci Biobehav Rev, 35:377-406.

Giglio RE, Li G, DiMaggio CJ (2015) Effectiveness of bystander naloxone administration and overdose education programs: a meta-
analysis. Inj Epidemiol, 2:10.

Goldstein A (1972) Heroin addiction and the role of methadone in its treatment. Arch Gen Psychiatry, 26:291-297.

Hahn T, Heinzel S, Dresler T, Plichta MM, Renner TJ, Markulin F et al. (2011) Association between reward-related activation in the 
ventral striatum and trait reward sensitivity is moderated by dopamine transporter genotype. Hum Brain Mapp, 32:1557-1565.



Immunotherapy in Opioid Use Disorders 123

Psikiyatride Güncel Yaklaşımlar - Current Approaches in Psychiatry

Hatsukami DK, Jorenby DE, Gonzales D, Rigotti NA, Glover ED, Oncken CA et al. (2011) Immunogenicity and smoking-cessation 
outcomes for a novel nicotine immunotherapeutic. Clin Pharmacol Ther, 89:392-399.

Holden JE, Jeong Y, Forrest JM (2005) The endogenous opioid system and clinical pain management. AACN Clin Issues, 16:291-301.

Hwang CS, Smith LC, Natori Y, Ellis B, Zhou B, Janda KD (2018) Improved admixture vaccine of fentanyl and heroin hapten 
immunoconjugates: antinociceptive evaluation of fentanyl-contaminated heroin. ACS Omega, 3:11537-11543.

Inturrisi CE, Schultz M, Shin S, Umans JG, Angel L, Simon EJ (1983) Evidence from opiate binding studies that heroin acts through its 
metabolites. Life Sci, 33(suppl 1):773-776.

Khosrow-Khavar F, Kurteva S, Cui Y, Filion KB, Douros A (2019) Opioids and the risk of infection: a critical appraisal of the pharmacologic 
and clinical evidence. Expert Opin Drug Metab Toxicol, 15:565-575.

Kimishima A, Wenthur CJ, Zhou B, Janda KD (2017) An advance in prescription opioid vaccines: overdose mortality reduction and 
extraordinary alteration of drug half-life. ACS Chemical Biology, 12:36-40.

Koparal B,  Oktay Yanik C, Sahiner IV, Kaloglu HA, Aksu MH, Utku C et al. (2020) Cognitive functions in opioid-dependent males 
according to duration of abstinence. Dusunen Adam, 33:50-58.

Kosten T, Owens SM (2005) Immunotherapy for the treatment of drug abuse. Pharmacol Ther, 108:76-85.

Kosten TA, Shen XY, O’Malley PW, Kinsey PM, Lykissa ED, Orson FM et al. (2014) A morphine conjugate vaccine attenuates the 
behavioral effects of morphine in rats. Prog Neuropsychopharmacol Biol Psychiatry, 45:223-229.

Kosten TR, Domingo CB, Hamon SC, Nielsen DA (2013) DBH gene as predictor of response in a cocaine vaccine clinical trial. Neurosci 
Lett, 541:29-33.

Kosten TR, Rosen M, Bond J, Settles M, Roberts JSC, Shields J et al. (2002) Human therapeutic cocaine vaccine: safety and 
immunogenicity. Vaccine, 20:1196-1204.

Kosten TR, Kreek MJ, Ragunath J, Kleber HD (1986) A preliminary study of beta endorphin during chronic naltrexone maintenance 
treatment in ex-opiate addicts. Life Sci, 39:55-59.

Kulaksizoğlu B, Kara H, Özçelik Ö, Kuloğlu M (2019) Opioid bağımlılığının tedavisinde naltrekson implant kullanımı: Geriye dönük bir 
çalışma.  Anadolu Psikiyatri Derg, 20:133-138.

Laudenbach M, Baruffaldi F, Robinson C, Carter P, Seelig D, Baehr C et al. (2018) Blocking interleukin-4 enhances efficacy of vaccines 
for treatment of opioid abuse and prevention of opioid overdose. Sci Rep, 8:5508.

Laudenbach M, Baruffaldi F, Vervacke JS, Distefano MD, Titcombe PJ, Mueller DL et al. (2015) The frequency of naive and early-
activated hapten-specific B cell subsets dictates the efficacy of a therapeutic vaccine against prescription opioid abuse. J Immunol, 
194:5926-5936.

Li QQ, Luo YX, Sun CY, Xue YX, Zhu WL, Shi HS (2011) A morphine/heroin vaccine with new hapten design attenuates behavioral effects 
in rats. J Neurochem, 119:1271-1281.

Li QQ, Sun CY, Luo YX, Xue YX, Meng SQ, Xu LZ et al. (2015) A conjugate vaccine attenuates morphine- and heroin-induced behavior in 
rats. Int J Neuropsychoph, 18:pyu093.

Martell BA, Orson FM, Poling J, Mitchell E, Rossen RD, Gardner T et al. (2009) Cocaine vaccine for the treatment of cocaine dependence 
in methadone-maintained patients: a randomized, double-blind, placebo-controlled efficacy trial. Arch Gen Psychiatry, 66:1116-
1123.

Matyas GR, Rice KC, Cheng K, Li F, Antoline JFG, Iyer MR et al. (2014) Facial recognition of heroin vaccine opiates: type 1 cross-
reactivities of antibodies induced by hydrolytically stable haptenic surrogates of heroin, 6-acetylmorphine, and morphine. Vaccine, 
32:1473-1479.

Maurer P, Jennings GT, Willers J, Rohner F, Lindman Y, Roubicek K et al (2005) A therapeutic vaccine for nicotine dependence: preclinical 
efficacy, and phase I safety and immunogenicity. Eur J Immunol, 35:2031-2040.

Mesquita Júnior D, Araújo JAP, Catelan TTT, de Souza AWS, Cruvinel WdeM, Andrade LEC et al. (2010) Immune system - part II: basis of 
the immunological response mediated by T and B lymphocytes. Rev Bras Reumatol, 50:552-580.

Morgan D (2017) Opioid Drug Death Investigations. Acad Forensic Pathol, 7:50-59.

Mounteney J, Giraudon I, Denissov G, Griffiths P (2015) Fentanyls: Are we missing the signs? Highly potent and on the rise in Europe. 
Int J Drug Policy, 26: 626-631.



124 Geniş et al. 

Psikiyatride Güncel Yaklaşımlar - Current Approaches in Psychiatry

Neuman MD, Bateman BT, Wunsch H (2019) Inappropriate opioid prescription after surgery. Lancet, 393:1547-1557.

Ollila J, Vihinen M (2005) B cells. Int J Biochem Cell Biol, 37:518-523.

Pravetoni M, Naour ML, Harmon TM, Tucker AM, Portoghese PS, Pentel PR (2012a) An oxycodone conjugate vaccine elicits drug-
specific antibodies that reduce oxycodone distribution to brain and hot-plate analgesia. J Pharmacol Exp Ther, 341:225-232.

Pravetoni M, Raleigh MD, Naour ML, Tucker AM, Harmon TM, Jones JM et al. (2012b) Co-administration of morphine and oxycodone 
vaccines reduces the distribution of 6-monoacetylmorphine and oxycodone to brain in rats. Vaccine, 30:4617-4624.

Pravetoni M, Keyler DE, Pidaparthi RR, Carroll FI, Runyon SP, Murtaugh MP et al. (2012c) Structurally distinct nicotine immunogens 
elicit antibodies with non-overlapping specificities. Biochem Pharmacol, 83:543-550.

Pravetoni M, Pentel PR, Potter DN, Chartoff EH, Tally L, LeSage MG (2014) Effects of an oxycodone conjugate vaccine on oxycodone 
self-administration and oxycodone-induced brain gene expression in rats. PLoS One, 9:e101807.

Pravetoni M (2016) Biologics to treat substance use disorders: Current status and new directions, Hum Vacc Immunother, 12:3005-
3019.

Pravetoni M, Comer SD (2019) Development of vaccines to treat opioid use disorders and reduce incidence of overdose, 
Neuropharmacology, 158:107662.

Ornstein TJ, Iddon JL, Baldacchino AM, Sahakian BJ, London M, Everitt BJ et al. (2000) Profiles of cognitive dysfunction in chronic 
amphetamine and heroin abusers. Neuropsychopharmacology, 23:113-126.

Quaglio G, Talamini G, Lugoboni F, Lechi A, Venturini L, Jarlais DCD et al. (2002) Compliance with hepatitis B vaccination in 1175 heroin 
users and risk factors associated with lack of vaccine response. Addiction, 97:985-992.

Raleigh MD, Pravetoni M, Harris AC, Birnbaum AK, Pentel PR (2013) Selective effects of a morphine conjugate vaccine on heroin and 
metabolite distribution and heroin-induced behaviors in rats. J Pharmacol Exp Ther, 344:397-406.

Raleigh MD, Peterson SJ, Laudenbach M, Baruffaldi F, Carroll FI, Comer SD et al. (2017) Safety and efficacy of an oxycodone vaccine: 
Addressing some of the unique considerations posed by opioid abuse. PLoS One, 12:e0184876-e76.

Raleigh MD, Laudenbach M, Baruffaldi F, Peterson SJ, Roslawski MJ, Birnbaum AK et al. (2018) Opioid Dose- and Route-Dependent 
Efficacy of Oxycodone and Heroin Vaccines in Rats. J Pharmacol Exp Ther, 365: 346-353.

Scher J (1972) Methadone, structure and responsibility: a model treatment program for methadone maintenance rehabilitation. Int 
Pharmacopsychiatry, 7:82-90.

Selley DE, Cao CC, Sexton T, Schwegel JA, Martin TJ, Childers SR (2001) mu Opioid receptor-mediated G-protein activation by heroin 
metabolites: evidence for greater efficacy of 6-monoacetylmorphine compared with morphine. Biochem Pharmacol, 62:447-455.

Shen X, Kosten TR (2011) Immunotherapy for drug abuse. CNS Neurol Disord Drug Targets, 10:876-879.

Sulima A, Jalah R, Antoline JFG, Torres OB, Imler GH, Deschamps JR (2018) A stable heroin analogue that can serve as a vaccine hapten 
to induce antibodies that block the effects of heroin and its metabolites in rodents and that cross-react immunologically with related 
drugs of abuse. J Med Chem, 61:329-343.

Taylor JJ, Laudenbach M, Tucker AM, Jenkins MK, Pravetoni M (2014) Hapten-specific naïve B cells are biomarkers of vaccine efficacy 
against drugs of abuse. J Immunol Methods, 405:74-86.

Tellioğlu T (2010) Buprenorphine: A new alternative in the treatment of opioid addiction. Klin Psikofarmakol Bulteni, 20:261–266.

The United Nations Office on Drugs and Crime (UNODC) (2018) World Drug Report 2018. Geneva, United Nations publication.

Uğurlu TT, Balcı Şengül C, Şengül C (2012) Bağımlılık psikofarmakolojisi. Psikiyatride Güncel Yaklaşımlar, 4:37-50.

Uyar M, Eyigör C (2008) Nöropatik ağrı tedavisinde non-opioid ve opioid ajan kullanımı. Ağrı, 20:6-16.

Wainer BH, Fitch FW, Fried J, Rothberg RM (1973) A measurement of the specificities of antibodies to morphine-6-succinyl-BSA by 
competitive inhibition of 14 C-morphine binding. J Immunol, 110:667-73.

WHO (2018) World Drug Report 2018. Geneva, United Nations publication.

Xiaoshan T, Junjie Y, Wenqing W, Yunong Z, Jiaping L, Shanshan L et al. (2020) Immunotherapy for treating methamphetamine, heroin 
and cocaine use disorders. Drug Discov Today, 25:610-619.

Yılmaz A, Can Y, Bozkurt M, Evren C (2014) Alkol ve madde bağımlılığında remisyon ve depreşme. Psikiyatride Güncel Yaklaşımlar, 6:243-
256.



Immunotherapy in Opioid Use Disorders 125

Psikiyatride Güncel Yaklaşımlar - Current Approaches in Psychiatry

Yılmaz Göler AM, Mutlu Altundağ E, Gedik G, Koçtürk AS, Yalçın AS, Taga Y (2015) Effect of different culture media on isolation and 
differentiation of dendritic cells. Turk J Biochem, 40:440-447.

Zalewska-Kaszubska J (2015) Is immunotherapy an opportunity for effective treatment of drug addiction?. Vaccine, 33:6545-6551.

Authors Contributions: The authors attest that she has made an important scientific contribution to the study and has assisted 
with the drafting or revising of the manuscript.
Peer-review: Externally peer-reviewed.
Conflict of Interest: No conflict of interest was declared by the authors.
Financial Disclosure: The authors declared that this study has received no financial support.


