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Immune Function Alterations during 12 Weeks of Abstinence
in Heroin Users
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Abstract. The intent of the study was to evaluate immune system changes during 12 weeks of abstinence
in heroin users. We recruited men (N = 65) aged 18–45
years and collected demographic and heroin use pattern data. Serum blood levels of total interleukin 2
(IL-2), interferon γ (IFN-γ), immunoglobulin (Ig) A,
IgG, and IgM were assessed at five time points. The
IL-2 level was increased on day 84 as compared to
that in healthy controls. The IFN-γ level was higher
in heroin users than in healthy controls between days
0 and 28, and was decreased on day 84. IgG and IgM
levels in heroin users were higher than those in
healthy controls in our 12-week study, and were in
positive correlation with the way of using the drug,
duration of heroin dependence, and daily heroin intake. Our data revealed that the immune system was
not restored during the 12 weeks of heroin withdrawal.

Introduction
Heroin abuse is one of the major public health problems and a chronic medical condition. Chronic administration of heroin produces several immunosuppressive
effects, by directly activating the opioid receptors present on lymphocytes and macrophages (Stefano et al.,
1996; Nelson et al., 2000) or by indirectly acting on the
central nervous system (CNS) (Peterson et al., 1993,
1998; Fecho et al., 1996; McCarthy et al., 2001). As a
result, infectious diseases such as HIV, hepatitis B and C,
endocarditis, and other opportunistic infections are com
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mon among heroin abusers (Doherty et al., 2000; Ten
nant, 2001).
It has been reported that decreased natural killer cell
activity, lymphocyte proliferation, nitric oxide production, and immune cell recruitment occur in heroin-treated experimental animals or in heroin abusers (Eisenstein
and Hilburger, 1998; Pacifici et al., 2000; Martin et al.,
2010). Weber demonstrated that chronic heroin administration did not alter the total number of leukocytes per
spleen, whereas cessation of heroin administration resulted in a significant decrease in rats (Weber et al., 2004).
Long-term changes in immune function have not
been fully reported after acute or protracted withdrawal,
particularly during the gradual relief of protracted withdrawal. As we know, without drug or medical support,
symptoms of heroin withdrawal appear 8–12 h after the
last dose. At 7–10 days after the last dose, gross symptoms disappear (Leguit et al., 1982). The present study
evaluated whether the immune system of abstinent patients returned to normal values during a consecutive
12-week period. Lymphocytes are important components and central mediators of the immune response.
Their function is regulated by cytokines, which can be
affected by drug abuse and stress. We measured production of the T helper1 (Th1) cytokines, interleukin 2 (IL-2)
and interferon γ (IFN-γ), which link cellular immune
responses with tissue injury (Romagnani, 1994; Mosman
and Sad, 1996). The production of antibodies that contribute to the humoral immune system, including immunoglobulin (Ig) A, IgG, and IgM, was also evaluated
(Pier et al., 2004). The balance between cellular and humoral immunity is needed to maintain the immune system homeostasis (Charlton and Lafferty, 1994).
We hypothesized that 12-week abstinence from heroin induces normalization of immune parameters in the
patients.

Material and Methods
Patients and ethics
This study was carried out at the Compulsory Deto
xification Centre of Sichuan Province in China. Sixtyfive male patients with heroin addiction were recruited
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between March 2009 and June 2010 in a controlled setting, meeting the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, standards. Participants
remained free from opioids for at least 12 weeks without
pharmacological heroin detoxification.
The inclusion criteria included patients aged 18 to 45
years with a diagnosis of heroin dependence, a heroinpositive urine analysis detected by thin-layer chromatography, final drug in the last 8 to 36 h, and written informed consent. The exclusion criteria included serious
opiate withdrawal symptoms including disturbance of
consciousness, serious violence, or severe dehydration;
attempted suicide, current psychiatric illnesses, or dementia; serious infectious diseases, serious disease of
the heart, lung, kidney, liver, central nervous system, or
haematopoietic cancer; an inability to understand the
consent process. Twenty-nine age-matched male healthy
controls who had never used illicit psychotropic drugs
or misused alcohol were recruited from the local community. All participants were screened with the Struc
tured Clinical Interview for DSM-IV disorder (SCID),
physical examination, urine drug screens, and electrocardiogram.
This study was approved by the Medical Ethics Com
mittee of West China Hospital of Sichuan University,
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and the trial conformed to the principles of the Decla
ration of Helsinki. All patients signed informed consent
forms and were able to withdraw from the study at any
time.

Determination
Blood samples from 65 patients were collected at
baseline (day 0, D0) and D10, D28, D56, and D84 at
about the same time (9 AM). Blood samples were kept
in non-heparinized tubes immediately after being drawn,
allowed to clot at 37 °C for 5 min, and centrifuged at
2500 rpm for 15 min (L600A, Cence, China). The serum
was separated and stored at −70 °C until tests were conducted at West China Hospital. IL-2 and IFN-γ levels
were determined by enzyme-linked immunosorbent assay by means of commercially available kits for human
cytokines (Bender MedSystems, Vienna, Austria). Sen
sitivity of the method for IL-2 and IFN-γ evaluation was
9.1 pg/ml and 0.99 pg/ml. IgA, IgM, and IgG levels were
determined by rate nephelometric assay (IMMAGE-800,
Beckman Coulter, Brea, CA). Sensitivity of the method
was 67 mg/l, 42 mg/l, and 0.333 g/l, respectively. Only
one blood draw was made for each control subject.
Tests were performed by a technician blinded to the
sample identities.

Table 1. Characteristics of patients with heroin dependence
Demographic data

Heroin users

Duration of heroin dependence (months)

67.68 ± 63.55

Daily heroin intake (g) during the past week

0.48 ± 0.54

Way of using the drug (cigarettes/injection/other)

37/28/0

Time from the last use (hours)

19.12 ± 5.56

Amount of the last use (g)
Data are shown as the number or the mean ± SD.

0.16 ± 0.21

Table 2. Correlation between the levels of IFN-γ, IL-2, IgA, IgG, IgM, the way of using the drug, duration of heroin dependence, and daily heroin intake in the heroin users on D0
Way of using the drug
Pearson correlation
IFN-γ

Duration of heroin dependence

P value

Pearson correlation

P value

Daily heroin intake
Pearson correlation

P value

-0.105

0.253

-0.237

0.007

0.092

0.305

IL-2

0.122

0.186

-0.127

0.153

0.005

0.952

IgA

0.138

0.133

0.113

0.205

0.033

0.714

IgG

0.328

< 0.001

0.187

0.035

0.186

0.036

IgM

0.373

< 0.001

0.213

0.016

0.214

0.016

Table 3. Correlation between the levels of IFN-γ, IL-2, IgA, IgG, IgM, way of using the drug, duration of heroin dependence, and daily heroin intake in the heroin users on D84
Way of using the drug
Pearson correlation

P value

Duration of heroin dependence
Pearson correlation

P value

Daily heroin intake
Pearson correlation

P value

IFN-γ

0.062

0.629

-0.121

0.324

-0.003

0.978

IL-2

0.102

0.423

-0.019

0.880

0.213

0.082

IgA

0.001

0.992

0.282

0.020

-0.028

0.819

IgG

0.308

0.013

0.041

0.739

0.196

0.110

IgM

0.171

0.177

0.205

0.093

0.159

0.195
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Statistical analysis

showed that they were comparable in age (heroin users:
28.82 ± 4.05 and healthy controls: 28.10 ± 5.29, P =
0.477).
On D0, D10, D28, and D56, the IL-2 levels in heroin
users were consistently lower than in healthy controls
(heroin users: 5.82 ± 2.81 pg/ml on D0, 4.74 ± 2.35 pg/ml
on D10, 3.87 ± 1.77 pg/ml on D28, 5.82 ± 3.17 pg/ml on
D56; healthy controls: 9.45 ± 5.28 pg/ml, P < 0.001).
However, on D84, the IL-2 levels in heroin users (19.51
± 6.72 pg/ml) were higher than in the controls, displaying
a four-fold increase over four weeks (P < 0.001, Fig. 1A).
IFN-γ levels were higher in heroin users than in healthy
controls from D0 to D28 (D0: P < 0.001; D10: P = 0.031;
D28: P = 0.002; healthy controls: 4.31 ± 4.93 pg/ml). The
IFN-γ levels gradually decreased between D56 (3.59 ±
2.50 pg/ml, P = 0.350) and D84 (1.42 ± 0.77, P < 0.001,
Fig. 1B).
The IgA level did not differ between heroin users and
healthy controls from D0 to D84 (P = 0.183 at D0; P =
0.129 at D10; P = 0.068 at D28; P = 0.178 at D56; P =
0.098 at D84). The normal IgA level was 2.31 ± 1.88 g/l
(Fig. 2A).
IgG and IgM levels in heroin users were significantly
higher than in healthy controls during our 12-week study

All data were documented with Epidata 3.0 by two
independent individuals and were secured after checking. All data were analysed with SPSS version 19.0. The
patient characteristics data, including age, duration of
heroin dependence, time from the last drug use, amount
of the last drug use, and average daily amount of use for
the past week at baseline, were expressed as the mean ±
SD. The Student’s t-test was used for age. Repeatedmeasures analysis of variance was performed to eva
luate significant differences in immune markers. The
correlation among the different parameters in the patient
group was evaluated by means of the Pearson correlation test. Statistical significance was preset at 0.05 using
a 2-tailed test.

Results
Patient characteristics are shown in Table 1, including
duration of heroin dependence, method of drug use,
time from the last use, amount of the last use, and average daily amount used during the past week. Statistical
analyses between heroin users and healthy controls
a
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b

Fig. 1. Changes of immunological factors in heroin users and healthy controls. IL-2 concentration (A), IFN-γ concentration (B) changes during 12-week observation. Data are presented as mean ± SEM concentrations for each time point. *P <
0.05, healthy controls (N = 29) and heroin users (N = 65).
a

b

c

Fig. 2. Changes of immunological factors in heroin users and healthy controls. IgA concentration (A), IgG concentration
(B) and IgM concentration (C) changes during 12-week observation. Data are presented as mean ± SEM concentrations
for each time point. *P < 0.05, healthy controls (N = 29) and heroin users (N = 65).
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(IgG: healthy controls: 11.47 ± 3.01 g/l, P < 0.001 on
D0, P = 0.007 on D10, P = 0.016 on D28, P = 0.019 on
D56, P = 0.041 on D84; IgM: healthy controls: 1.14 ±
0.42 g/l, P < 0.001 on D0, D10, and D28, P = 0.001 on
D56, P = 0.009 on D84, Fig. 2B, C).
In heroin users, significant positive correlations were
observed between the way of using the drug and the IgG
level (0.328, P < 0.001), between the duration of heroin
dependence and the IgG level (0.187, P = 0.035), between the daily heroin intake and the IgG level (0.186,
P = 0.036), between the way of using the drug and the
IgM level (0.373, P < 0.001), between the duration of
heroin dependence and the IgM level (0.213, P = 0.016),
between the daily heroin intake and the IgM level
(0.214, P = 0.016) on D0, and between the duration of
heroin dependence and the IgA level (0.282 P = 0.020),
between the way of using the drug and the IgG level
(0.308, P = 0.013) on D84. A significant negative correlation was observed between the duration of heroin
dependence and the IFN-γ level (-0.237, P = 0.007;
Table 2, Table 3) on D0.

Discussion
In this 12-week study, the IL-2 level significantly increased between D56 and D84, whereas the IFN-γ level
significantly decreased between D56 and D84. The IgG
and IgM levels were significantly higher in the heroin
users than those in the healthy controls during the monitored 12 weeks. In addition, the IgG and IgM levels
positively correlated with the way of using the drug, the
duration of heroin dependence, and the daily heroin intake, indicating that injection drug use, long-lasting
heroin use and increased heroin intake may be in direct
proportional relationship with the IgG and IgM levels.
Studies have reported increased levels of IL-2, IFN-γ,
IgG and IgM in active (non-abstinent) heroin users
(Zajícová et al., 2004; Simonovska et al., 2011). How
ever, one study has reported decreased levels of IL-2
and IFN-γ in heroin withdrawal subjects (Zaki et al.,
2006). Weber reported that chronic heroin produced a
significant increase in tumour necrosis factor α (TNF-α)
and nitric oxide production, and 10 days following stop
of heroin administration, TNF-α and nitric oxide production returned to normal levels in rats (Weber et al.,
2004). We investigated immune function changes among
patients undergoing heroin withdrawal. We did not find
peripheral cytokine levels and antibodies returned to the
normal in the present study.
Chronic opioid use can cause neuronal degeneration
and neuronal damage (Chan et al., 2015). Cytokines exert both positive and negative impacts on the central
nervous system (CNS) regeneration. The inhibitory immune factors are up-regulated around the CNS lesion
site, so that CNS regeneration is difficult (Dooley et al.,
2014). IFN-γ acts as an inhibitory inflammatory cyto
kine in the course of neurological diseases such as cerebral trauma (Schmitz and Chew, 2008), stroke (Liesz et
al., 2009) and multiple sclerosis (Lees et al., 2008).
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Dooley et al. (2014) thought that a high level of IFN-γ
would damage neurogenesis and stem cells. However,
IL-2 might exert a positive impact on the process of
CNS regeneration in the rats (Sarder et al., 1996; Wang
et al., 2001). In the present study, the decreased IFN-γ
and increased IL-2 levels might be associated with the
benefits of CNS regeneration after D56. In addition,
studies suggest that immune activation is enhanced in
response to stress. For example, IL-2 production responses to the hypothalamic-pituitary-adrenal axis were
higher during an examination period than during a nonexamined period (Kang et al., 1996; Bosch et al, 1998;
Koh, 2001; Koh et al., 2006). Others studies indicate
that stress down-regulates immune functions (Glaser et
al., 1986, 1987, 1990, 1991; Marchesi et al., 1989;
Dobbin et al., 1991; Fawzy, 1995; Deinzer and Schuller,
1998; Marucha et al., 1998; Rojas et al., 2002). This activated immune response may be associated with the
intensity and/or duration of stress, and may be enhanced
when the stress is mild to moderate in intensity (Weiss
and Sundar, 1992).
Reportedly, IgM and IgG antibodies were elevated in
heroin users, which gave a possible explanation of some
somatic changes in heroin users, such as kidney complications, autoimmune thrombocytopenia, arterial or venous thrombosis (Savona et al., 1985; Crowe et al.,
2000; Nikolova et al., 2002). The studies reported that
the antibody level correlated with the duration of heroin
dependence and injection heroin use (Nikolova et al.,
2002). Our results have confirmed this positive correlation with injection drug use, long-lasting heroin use and
increased heroin intake for the higher IgG and IgM levels in acute heroin withdrawal.
In summary, our study reveals that abstinent heroin
users displayed alterations in immune cytokines and antibodies during 12 weeks of heroin withdrawal, which
did not return to the normal in the present study. Future
long-term studies should evaluate the gradual reversibility of immunological parameters to normal levels in the
abstinent heroin users.

Limitations
Abstinent participants in a controlled setting may differ from those in a free-living environment, which could
affect biological and immune system changes after acute
abstinence. In addition, more biological indices and female subjects should be taken into account in a larger
homogeneous sample of heroin-dependent patients in
future studies.

References
Bosch, J. A., Brand, H. S., Ligtenberg, A. J. M., Hoogstraten,
J., Nieuw Amerongen, A. V. (1998) The response of salivary
protein levels and S-IgA to an academic examination are
associated with daily stress. J. Psychophysiol. 12, 384-391.
Chan, Y. Y., Yang, S. N., Lin, J. C., Chang, J. L., Lin, J. G., Lo,
W. Y. (2015) Inflammatory response in heroin addicts un-

Vol. 61

Immune Function Alterations in Abstinent Heroin Users

dergoing methadone maintenance treatment. Psychiatry
Res. 226, 230-234
Charlton, B., Lafferty, K. J. (1994) The Th1/Th2 balance in
autoimmunity. Curr. Op. Immunol. 7, 793-798.
Crowe, A. V., Howse, M., Bell, G. M., Henry, J. A. (2000)
Substance abuse and the kidney. Q. J. Med. 93, 147-152.
Deinzer, R., Schuller, N. (1998) Dynamics of stress-related
decrease of salivary immunoglobulin A (sIgA): relationship to symptoms of the common cold and studying behavior. Behav. Med. 23, 161-169.
Dobbin, J. P., Harth, M., McCain, G. A. (1991) Cytokine production and lymphocyte transformation during stress. Brain
Behav. Immun. 5, 339-348.
Doherty, M. C., Garfein, R. S., Monterroso, E., Brown, D.,
Vlahov, D. (2000) Correlates of HIV infection among young
adult short-term injection drug users. AIDS 14, 717-726.
Dooley, D., Vidal, P., Hendrix, S. (2014) Immunopharmaco
logical intervention for successful neural stem cell therapy:
new perspectives in CNS neurogenesis and repair. Phar
macol. Ther. 141, 21-31.
Eisenstein, T. K., Hilburger, M. E. (1998) Opioid modulation
of immune responses: effects on phagocyte and lymphoid
cell populations. J. Neuroimmunol. 83, 36-44.
Fawzy, F. I. (1995) Behavior and immunity. In: Comprehensive
Textbook of Psychiatry, eds. Kaplan, H. I., Sodock, B. J.,
pp. 1559-1570, Williams & Wilkins, Baltimore.
Fecho, K., Maslonek, K. A., Dykstra, L. A., Lysle, D. T. (1996)
Evidence for sympathetic and adrenal involvement in the
immunomodulatory effects of acute morphine treatment in
rats. J. Pharmacol. Exp. Ther. 277, 633-645.
Glaser, R., Rice, J., Speicher, C. E. (1986) Stress depresses
interferon production and natural killer (NK) cell activity
in humans. Behav. Neurosci. 100, 675-678.
Glaser, R., Rice, J., Sheridan, J. (1987) Stress-related immune
suppression: health implications. Brain Behav. Immun. 1,
7-20.
Glaser, R., Kennedy, S., Lafuse, W. P., Bonneau, R. H.,
Speicher, C., Hillhouse, J., Kiecolt Glaser, J. K. (1990)
Psychological stress-induced modulation of interleukin-2
receptor gene expression and interleukin-2 production in
peripheral blood leukocytes. Arch. Gen. Psychiatry 47,
702-712.
Glaser, R., Pearson, G. R., Jones, J. F., Hillhouse, J., Kennedy,
S., Mao H. Y., Kiecolt Glaser, J. K. (1991) Stress-related
activation of Epstein-Barr virus. Brain Behav. Immun. 5,
219-232.
Kang, D., Coe, C. L., McCarthy, D. O. (1996) Academic examinations significantly impact immune responses, but not
lung function, in healthy and well-managed asthmatic adolescents. Brain Behav. Immun. 10, 164-181.
Koh, K. B. (2001) The relationship of stress-induced hypothalamic-pituitary-adrenal axis function with cell-mediated
immunity. J. Korean Neuropsychiatr. Assoc. 40, 857-866.
Koh, K. B., Choe, E., Song, J. E., Lee, E. H. (2006) Effect of
coping on endocrinoimmune functions in different stress
situations. Psychiatry Res. 143, 223-234.
Lees, J. R., Golumbek, P. T., Sim, J., Dorsey, D., Russell, J. H.
(2008) Regional CNS responses to IFN-γ determine lesion
localization patterns during EAE pathogenesis. J. Exp.
Med. 205, 2633-2642.

245

Leguit, Jr. P., Slot, H., Roos, C. (1982) The ‘acute’ abdomen in
heroin addiction. Br. J. Surg. 69, 598.
Liesz, A., Suri-Payer, E., Veltkamp, C., Doerr, H., Sommer,
C., Rivest, S. (2009) Regulatory T cells are key cerebroprotective immunomodulators in acute experimental stroke.
Nat. Med. 15, 192-199.
Marchesi, G. F., Cotani, P., Santone, G. (1989) Psychological
and immunological relationships during acute academic
stress. New Trends Exp. Clin. Psychiatry 5, 5-22.
Martin, J. L., Koodie, L., Krishinam, A. G.., Charboneau, R.,
Barke, R. A., Roy, S. (2010) Chronic morphine administration delays wound healing by inhibiting immune cell recruitment to the wound site. Am. J. Pathol. 176, 786-800.
Marucha, P. T., Kiecolt-Glaser, J. K., Favagehi, M. (1998)
Mucosal wound healing is impaired by examination stress.
Psychosom. Med. 60, 362-365.
McCarthy, L., Wetzel, M., Sliker, J. K., Eisenstein, T. K.,
Rogers, T. J. (2001) Opioids, opioid receptors, and the immune response. Drug Alcohol Depend. 62, 111-123.
Mosman, T. R., Sad, S. (1996) The expanding universe of
T-cell subsets; Th1, Th2 and more. Immunol. Today 17,
138-146
Nelson, C. J., Schneider, G. M., Lysle, D. T. (2000) Invol
vement of central μ- but not δ- or κ-opioid receptors in immunomodulation. Brain Behav. Immun. 14, 170-184.
Nikolova, M., Ljubomirova, M., Iliev, A., Krasteva, R.,
Andreev, E., Radenkova, J. (2002) Clinical significance of
antinuclear antibodies, antineutrophil cytoplasmic antibodies and anticardiolipin antibodies in heroin abusers. IMAJ
4(Suppl 11), 908-910.
Pacifici, R., diCarlo, S., Bacosi, A., Pichini, S., Zuccaro, P.
(2000) Pharmacokinetics and cytokine production in heroin and morphine-treated mice. Int. J. Immunopharmacol.
22, 603-614.
Peterson, P. K., Molitor, T. W., Chao, C. C. (1993) Mecha
nisms of morphine-induced immunomodulation. Biochem.
Pharmacol. 46, 343-348.
Peterson, P. K., Molitor, T. W., Chao, C. C. (1998) The opioidcytokine connection. J. Neuroimmunol. 83, 63-69.
Pier, G. B., Lyczak, J. B., Wetzler, L. M. (2004) Immunology,
Infection, and Immunity. ASM Press, Washington.
Romagnani, S. (1994) Lymphokine production by human T
cell in disease states. Annu. Rev. Immunol. 12, 227-257.
Rojas, I. G., Padgett, D. A., Sheridan, J. F., Marucha, P. T.
(2002) Stress-induced susceptibility to bacterial infection
during cutaneous wound healing. Brain Behav. Immun. 16,
74-84.
Sarder, M., Abe, K., Saito, H., Nishiyama, N. (1996)
Comparative effect of IL-2 and IL-6 on morphology of cultured hippocampal neurons from fetal rat brain. Brain Res.
715, 9-16.
Savona, S., Nardi, M. A., Lennete, E. T., Karpatkin, S. (1985)
Thrombocytopenic purpura in narcotic addicts. Ann. Intern.
Med. 102, 737-41.
Schmitz, T., Chew, L. J. (2008) Cytokines and myelination in
the central nervous system. ScientificWorldJournal 8,
1119-1147.
Simonovska, N., Chibishev, A., Bozinovska, C, Grcevska, L.,
Dimitrovski, K., Neceva, V. (2011) Evaluation of circulat-

246

Z. Wang et al.

ing immune complexes and antiphospholipid antibodies
(anti β 2 glycoprotein 1) in heroin addicts and their clinical
significance. Med. Arh. 65, 324-326.
Stefano, G. B., Scharrer, B., Smith, E. M., Hughes, Jr. T. K.,
Magazine, H. I., Bilfinger, T. V., Hartman, A. R., Fricchione,
G. L., Liu, Y., Makman, M. H. (1996) Opioid and opiate
immunoregulatory processes. Crit. Rev. Immunol. 16, 109144.
Tennant, F. (2001) Hepatitis C, B, D, and A: contrasting features and liver function abnormalities in heroin addicts.
J. Addict. Dis. 20, 9-17.
Wang, G., Lu, C., Liu, H., Jin, W., Jiao, X., Wei, G., Chen, J.,
Zhu, Y. (2001) Immunohistochemical localization of interleukin-2 and its receptor subunits α, β and γ in the main
olfactory bulb of the rat. Brain Res. 893, 244-252.

Vol. 61

Weber, R. J., Gomez-Flores, R., Smith, J. E., Martin, T. J.
(2004) Immune, neuroendocrine, and somatic alterations in
animal models of human heroin abuse. J. Neuroimmunol.
147, 134-137.
Weiss, J. M., Sundar, S. (1992) Effects of stress on cellular
immune responses in animals. In: American Psychiatric
Press Review of Psychiatry, eds. Tasman, A., Riba, M. B.,
pp. 127-144, American Psychiatric Press, Washington.
Zajícová, A., Wilczek, H., Holáň, V. (2004) The alterations of
immunological reactivity in heroin addicts and their normalization in patients maintained on methadone. Folia
Biol. (Praha) 50, 24-28.
Zaki, N. G., Osman, A., Moustafa, H., Saad, A. H. (2006)
Alterations of immune functions in heroin addicts. Egypt J.
Immunol. 13, 153-71.

