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Objective: This study investigated the efficacy and safety of supplementation with probiotics in
improving chronic pulmonary symptoms due to sulfur mustard (SM) exposure. Methods: In a
randomized double-blind placebo-controlled study, 65 subjects suffering from chronic
pulmonary complications of SM were assigned to one probiotic capsule (1  109 CFU
containing seven strains of lactic acid-producing bacteria) every 12 h or an identical placebo for
six weeks. Serum high-sensitivity C-reactive protein (CRP) concentrations, pulmonary function
tests (FEV1, FEV1/FVC and MMEF 25–75%) and COPD assessment test (CAT) were assessed at
baseline and at the end of trial. Results: The groups were comparable in baseline characteristics.
There were significant improvements in FEV1/FVC in the probiotic but not in placebo group.
CAT scores were decreased in both study groups. However, between-group comparison of
changes in the assessed parameters reached statistical significance only for CAT score
(p50.001). There was no report of adverse events during the course of trial. Conclusions:
Findings of the present trial favor the efficacy of probiotic supplementation in improving the
pulmonary symptoms of SM-exposed subjects.

Sulfur mustard, bis (2-chloroethyl) sulfide (SM), is an
alkylating agent and the most widely used chemical weapon
among over 70 different chemical warfare agents (Malhotra
et al., 1999; Shadboorestan, 2012). Respiratory, skin and
ocular injuries are the most common late complication of SM
exposure (Ghanei & Harandi, 2011; Ghanei, 2010).
Pulmonary complications due to SM often manifest in the
form of bronchiolitis obliterans (BO) and chronic obstructive
pulmonary disease (COPD) (Ghanei & Harandi, 2007).
Cough, sputum and shortness of breath have been reported
in 80% of Iranian patients after exposure to SM. Hemoptysis,
feeling of pressure in the thorax, chest pain and nocturnal
dyspnea are other common complications (Emami, 2014;
Ghanei, 2010; Ghanei & Harandi, 2007). Treatment options
for chronic SM-induced complications are mainly limited to
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bronchodilators and inhaled corticosteroids, thus developing
curative treatments for these complications is a major priority.
Cellular and molecular findings have shown that lipid
peroxidation, protein alkylation, DNA alkylation and mutation, and immune system activation are potential mechanisms
that underlie SM injury (Chiarugi & Moskowitz, 2002; Ghanei
& Harandi, 2011; Mansour Razavi, 2012). The flux of reactive
oxygen and nitrogen species, along with inflammation are
other factors that exacerbate SM-induced pathologic changes
(Brigati, 2010). Following SM exposure, cellular and molecular alterations lead to the apoptosis of airway epithelial cells
and immunological imbalances (Emad & Rezaian, 1999; Ray,
2008). Several inflammatory mediators can be detected in
patient’s serum and tissues, such results confirm inflammatory
role of SM in chronic phase (Ghanei & Harandi, 2011; Ghanei
& Harandi, 2007; Pourfarzam, 2009; Panahi, 2013a). Proinflammation factors such as interleukin (IL)-1a, -8, -6, -13
(Ghazanfari, 2009), tumor necrosis factor (TNF)-a
(Ghazanfari, 2013), interferon (IFN)-a (Ghazanfari, 2009;
Ghanei & Vosoghi, 2002), heat shock proteins (HSPs) 27, 70
and 90 (Malaviya, 2010), SWI/SNF, inducible nitric oxide
synthase (iNOS), macrophage inflammatory protein-1 (MIP1), and granulocyte-macrophage colony-stimulating factor
(GM-CSF) (Emad & Emad, 2007) are traced in serum and
tissue samples of SM patients. On the other hand, intestinal
inflammation is another typical feature of SM, mainly due to
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lower respiratory tract, anemia, polycythemia and coagulative
diseases, malignancies, asthma, heart failure, renal and
hepatic diseases, and participating in simultaneous clinical
trials. Patients were prohibited from smoking during the
course of study.
The study protocol and advantages and disadvantages of
the administered supplement were explained for patients and
written informed consent form was obtained from all
participants before recruitment. The consent form included
a statement on the right of participants to leave the study at
any time. This study was registered and confirmed in the
scientific and ethical committee of the Baqiyatallah
University (the code and date of ethical approval: 3491).
The present study was conducted according to the guidelines
laid down in the Declaration of Helsinki. A standard protocol
was used for the study. Patients were selected using convenient sampling method from the whole population with
documents of chronic pulmonary diseases due to SM. All
subjects were on standard respiratory medications (salbutamol and fluticasone) plus pulmonary rehabilitation (30 min,
twice weekly), and randomized to adjunctive therapy with
probiotics (one capsule each 12 h, n ¼ 40) or placebo (n ¼ 25).
The patients were treated for six weeks and were visited every
15 days to record any clinical adverse effects. The side effects
of supplement during the course of trial were recorded.
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constant exposure to wide spectrum of antibiotics and different
medications (Chang, 2014; Ghasemi, 2009; Panahi, 2014).
Recent studies have suggested beneficial effects of lactic
acid-producing bacteria (LABs) in the prevention and treatment of inflammatory and immune diseases (Cong, 2003;
Tamboli, 2003). Most probiotics contain bacteria such as
Lactobacillus,
Streptococcus,
Bifidobacterium
and
Enterococcus spp., or nonpathogenic yeasts such as
Saccharomyces boulardii. Probiotics can modulate immune
response in the lung (Karen, 2010; Mortaz, 2013) and may
also revert the T-regulatory response in the airways (Sudo,
2002).
Changes in the balance of TH17/Treg cell populations,
activation of pro-inflammatory NK cells and/or macrophages
(Harata, 2010; Izumo, 2010), alterations in macrophage
function resulting in reduced allergic responses (Salva et al.,
2010), and induction of anti-inflammatory cytokine expression are important immune response modifications induced
by probiotic LABs during pulmonary inflammatory diseases.
There is evidence that probiotic supplementation decreases
the rate of pulmonary exacerbation and hospital admission in
patients with pulmonary inflammatory diseases (Morimoto,
2005; Panahi, 2012a; Rao, 2009). To the best of our
knowledge, the effects of supplementation with probiotic
LABs on circulating levels of inflammatory mediators in SMexposed veterans have not been studied.
Owing to the presence of chronic lung inflammation in
SM-exposed subjects, the immunoregulatory and anti-inflammatory effects of probiotics may improve the symptoms of
mustard lung disease. The current study investigated the
effects of a commercially-available multi-microbial probiotic
supplementation on the severity of clinical symptoms,
spirometric function and serum C-reactive protein (CRP)
concentrations of SM-exposed individuals suffering from
chronic pulmonary complications. CRP was chosen as an
efficacy measure owing to the evidence on the role of
inflammation in the pathogenesis of chronic respiratory
complications due to SM (Ghabili, 2011). In addition, several
lines of evidence have suggested the prognostic and causal
association between elevated CRP productions and COPD
(Aksu, 2013), a condition that has several shared features with
mustard lung disease (Sahebkar, 2015).
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Methods

Subjects and study design

The study was designed as a randomized double-blind
placebo-controlled and parallel-group trial, and was conducted from June 2011 to January 2012 in the Baqiyatallah
Hospital, Tehran, Iran. This hospital is a referral and
university affiliated hospital that provides medical care for
SM-exposed Iraq–Iran war veterans and maintains medical
records of these individuals. Volunteer patients with longterm obstructive respiratory disease compatible with the
pattern of BO, following definite exposure to SM were
enrolled. Exclusion criteria were acute bronchiolitis and/or
pneumonia, history of pulmonary tuberculosis or resection of
one or more lobes, exposure to other toxins, history of
hypersensitivity to probiotic products, having contraindication
for spirometry, presence of acute infection in the upper or

Probiotics

The probiotic capsule LactocareÕ used in this study was
obtained from Zist Takhmir Co. (Tehran, Iran) and prepared
in accordance with manufacturer directions. Each capsule
contained 109 colony-forming units (CFU) of a total of seven
strains: Lactobacillus acidophilus, Lactobacillus bulgaricus,
Lactobacillus
rhamnosus,
Lactobacillus
casei,
Bifidobacterium breve, Bifidobacterium longum and
Streptococcus thermophilusthe.
Assessment of symptoms

The severity of symptoms and the impact of disease on
subjects’ health were assessed using COPD assessment test
(CAT) at baseline and at study end. The CAT questionnaire
has eight items and raises questions about symptoms, energy,
sleep and activity. The total CAT score ranges between 0 and
40, with higher scores indicative of a more severe impact of
disease on health. The scores were classified as: low impact
(score range 0–10); medium impact (score range 11–20), high
impact (score range 21–30) and very high impact (score range
430).
Biochemical analysis
At the start of the study and after completion of the six-week
treatment period, blood samples (5 mL) were collected after a
12-h fast. After isolation of serum, high-sensitivity CRP
concentrations were measured using a BT-3000 Chemistry
Automated Analyzer (Biotecnica Instruments, Rome, Italy).
Statistical analysis
All data are shown as mean ± SD or median (interquartile
range) for normally and non-normally distributed data,
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A total of 83 subjects were initially screened for participation
in this trial. Eleven subjects (13.2%) were excluded due to
lack of eligibility criteria and seven subjects (8.4%) refused to
give written informed consent. The remaining 65 patients
were entered to the trial and randomized to the abovementioned groups. The date range of exposure to SM was
between 1981 and 1988, and the mean time from exposure in
the population was 29 years. All subjects in the probiotics

Assessed for eligibility (n=83)
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Excluded (n=18)

Reason:
Not meeting the inclusion criteria (n=11)
Unwillingness to participate in the trial (n=7)

Randomized (n=65)

Allocation

Allocated to probiotics (n=40)
♦ Received allocated intervention (n=40)
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group completed the trial. In the placebo group, five subjects
were dropped out because of not referring to the study center
for medical examinations and blood sampling, and dissatisfaction with the efficacy of supplement (lack of improvement
in the symptoms) (Figure 1).
Study groups were comparable in age, gender, body mass
index (BMI), systolic and diastolic blood pressures, and
history of diabetes and myocardial infarction. Furthermore,
exposure to SM was confirmed by using the medical records
in the Veterans and Martyrs Affair Foundation. There was no
difference between the groups in terms of duration of their
disease. A summary of baseline characteristics of patient and
control subjects is presented in Table 1.
There was no significant difference between the probiotics
and placebo groups in terms of spirometric indices (FEV1,
FEV1/FVC and MMEF 25–75%), CAT score and serum CRP
concentrations at baseline (Table 2). Probiotic supplementation significantly improved FEV1/FVC (p ¼ 0.029) and
reduced CAT score (p50.001), but had no effect on serum
CRP concentrations and other spirometric indices (FEV1 and
MMEF 25–75%) compared with baseline. None of these
parameters significantly changed in the placebo group
(p40.05), apart from a reduction in CAT score (p ¼ 0.028)
(Table 3). Between-group comparison of the magnitude of
changes in the evaluated efficacy measures revealed a greater
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respectively. Kolmogorov–Smirnov test was performed to test
for normality of the data. Within-groups (pre-treatment versus
post-treatment) comparisons were performed using pairedsamples t-test (for normally distributed data) or Wilcoxon
signed-rank test (for non-normally distributed data). Betweengroup comparison of the magnitude of changes in the
evaluated parameters was performed using independentsamples t-test (for normally distributed data) or Mann–
Whitney U test (for non-normally distributed data).
Comparisons were performed using a per protocol (completer) approach. In all comparisons, a two-sided p value of
50.05 was considered as statistically significant. Statistical
tests were performed using SPSS v21.0 software (SPSS Inc.,
Chicago, IL).

Allocated to placebo (n=25)
♦ Received allocated intervention (n=25)

Follow-Up

Lost to follow-up (n=0)

Lost to follow-up (n=5)
Reasons:
* Not referring to the study center for medical
examinations
* Dissatisfaction with the efficacy of treatment

Analysis
Analysed (n=40)

3

Analysed (n=20)

Figure 1. Flow chart of the study.
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effect of probiotics versus placebo in reducing the CAT score
(p50.001). Nevertheless, the difference in spirometric indices and serum CRP concentrations did not reach statistical
significance (Table 4). When the subjects were categorized
into different risk groups according to the CRP levels (low
risk: hs-CRP51 mg/L, intermediate risk: 1 mg/L  hsCRP53 mg/L and high risk: hs-CRP  3 mg/L), no significant difference in the hs-CRP risk categories was found
between the study groups either at baseline or at the study end
(p40.05). The proportion of subjects whose hs-CRP-based
Table 1. Demographic and baseline characteristics of the study groups.
Placebo group
(n ¼ 20)

pa

40/0
42.22 ± 7.19
28.80 ± 5.21
23.10 ± 2.30
23
133.40 ± 9.10
84.40 ± 3.40
12
9

20/0
41.10 ± 4.67
29.30 ± 3.75
21.70 ± 2.60
13
132.10 ± 10.20
85.30 ± 2.40
7
6

1.00
0.58
0.29
0.34
0.83
0.71
0.43
0.16
0.28

In this study, we investigated the effects of short-term multimicrobial probiotic supplementation on pulmonary function,
severity of symptoms and serum CRP concentrations in SMexposed subjects. The results revealed an improvement of
FEV1/FVC and CRP following probiotic supplementation,
however, the difference between probiotic and placebo groups
reached statistical significance only for the CAT, suggesting a
reduction in disease severity.
Previous studies have shown that LABs may be beneficial
in patients with inflammatory diseases such as coronary
artery disease and also decrease CRP concentrations in COPD
patients (Cong, 2003; Forsythe et al., 2007). Moreover,
numerous studies have shown that probiotics can enhance the
immune system, an effect that justifies the therapeutic use of
these supplements in inflammatory and immunological diseases (Behnsen, 2013; Standen, 2013; Vitetta, 2014). Recent
studies have suggested the regulatory role of LABs in the
immunopathogenesis of inflammatory lung diseases such as
COPD and idiopathic pulmonary fibrosis (IPF). For instance,
the involvement of Th17 and Treg cells in lung disease has
become clear. These cells play a critical role in clearing

ak
hm

Gender (M/F)
Age (y)
Duration of disease (y)
BMI (kg/m2)
Smoker (%)
SBP (mm Hg)
DBP (mm Hg)
Diabetes mellitus (%)
Previous MI (%)

Probiotics group
(n ¼ 40)

Discussion

All data expressed as mean ± SD.
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic
blood pressure; MI: myocardial infarction; FVC: forced vital capacity;
FEV1: forced expiratory volume in one second; MMEF: maximal midexpiratory flow rate.
a
No significant difference between the probiotics and placebo groups
(p40.05).

Table 2. Comparison of efficacy measures between the study groups at weeks 0 and 6.

Variables

st
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0 week

FEV1 (L)
FEV1/FVC
MMEF 25–75% (L.s1)
CAT score
CRP (mg/L)

a

Probiotics group

Placebo group

p

55.25 ± 15.30
67.70 ± 13.20
44.75 ± 21.76
31.55 ± 5.05
3.25 (1.95, 5.72)

58.17 ± 15.70
72.89 ± 13.62
51.94 ± 29.42
32.40 ± 4.21
4.00 (2.60, 5.00)

0.508
0.178
0.302
0.520
0.827

6 weeks

Probiotics group

Placebo group

pa

56.83 ± 16.30
71.18 ± 13.20
47.30 ± 26.1
23.45 ± 7.12
4.10 (2.10, 5.90)

59.27 ± 17.69
70.93 ± 11.97
50.33 ± 27.00
31.00 ± 4.68
3.10 (2.00, 4.00)

0.120
0.254
0.063
0.042
0.103

All data are expressed as mean ± SD apart from CRP which is expressed as median (interquartile range).
FEV1: forced expiratory volume in one second; FVC: forced vital capacity; MMEF: maximal mid-expiratory flow rate; CAT: COPD assessment test;
CRP: C-reactive proteins.
a
Independent-samples Student’s t-test (or Mann–Whitney’s U-test for non-normally distributed data) comparing values between the two groups at each
time point (weeks 0 and 6).
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risk group was improved during the study was also comparable between the groups (11.4% versus 7.1% in probiotic and
placebo groups, respectively) (p40.05).
In the present study, probiotic supplement was safe and
well tolerated. There was no report of adverse events related
to the study supplement.
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Table 3. Within-group comparison of the efficacy measures.
Probiotics group (n ¼ 40)
Variables
FEV1 (L)
FEV1/FVC
MMEF 25–75% (L.s1)
CAT score
CRP (mg/L)

Placebo group (n ¼ 20)
a

0 Week

6 Week

p

55.25 ± 15.30
67.70 ± 13.20
44.75 ± 21.76
31.55 ± 5.05
3.25 (1.95, 5.72)

56.83 ± 16.31
71.18 ± 13.61
47.30 ± 26.08
23.45 ± 7.19
4.10 (2.10, 5.90)

0.471
0.029
0.328
5 0.001
0.773

0 Week

6 Week

pa

56.83 ± 16.30
71.73 ± 13.91
51.67 ± 30.7
32.40 ± 4.21
4.00 (2.60, 5.00)

59.27 ± 17.69
70.93 ± 11.97
51.33 ± 28.10
31.00 ± 4.68
3.10 (2.00, 4.00)

0.670
0.697
0.942
0.028
0.266

All data are expressed as mean ± SD apart from CRP which is expressed as median (interquartile range).
FVC: forced vital capacity; FEV1: forced expiratory volume in one second; MMEF: maximal mid-expiratory flow rate; CAT: COPD assessment test;
CRP: C-reactive proteins.
a
Paired-samples Student’s t-test (or Wilcoxon signed-rank test for non-normally distributed data) comparing baseline versus end-trial values in each
group.
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Table 4. Between-group comparison of the efficacy measures.

Variables
DFEV1 (L)
DFEV1/FVC
DMMEF 25–75% (L.s1)
DCAT score
DCRP (mg/L)

Probiotics group
(n ¼ 40)

Placebo group
(n ¼ 20)

pa

1.58 ± 1.36
3.47 ± 1.97
2.55 ± 1.62
8.01 ± 0.68
0.10 (3.20, 3.00)

1.20 ± 1.06
0.80 ± 0.79
0.34 ± 1.73
1.41 ± 0.26
1.00 (1.00, 0.12)

0.310
0.856
0.890
50.001
0.307

ir

supplementation periods. Future studies are warranted to
confirm the present results in larger populations, and also
ascertain the impact of treatment duration and probiotic dose
on the observed beneficial effects. Future studies are also
warranted to clarify if there is any differential effect among
different strains of probiotic bacteria in terms of improving
clinical symptoms of SM-exposed subjects. Finally, assessment of changes in other inflammatory mediators and
oxidative parameters both in serum and bronchoalveolar
lavage fluid of probiotic-supplemented SM-exposed individuals is recommended.
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pathogens during host defense reactions and inducing tissue
inflammation in autoimmune diseases (Panahi, 2013a,b;
Wang, 2014). Probiotic supplementation has been shown to
regulate the balance between different subpopulations of T
cells including Th1, Th2, Treg and Th17 (27). In addition, the
antimicrobial activity of probiotics has been reported to
decrease secondary infections and therefore reduce the
production of diverse pro-inflammatory mediators and
activated leukocytes in acute necrotizing pancreatitis
(Morrow et al., 2012; Rydzewska, 2009).
Inflammation is integral to the destructive reactions in the
lung tissue of SM-exposed subjects (Panahi, 2012b, 2014).
Several pathophysiological studies on SM-exposed patient
have shown significant imbalances in inflammatory mediators
(Ghanei & Harandi, 2011; Ghanei & Harandi, 2007;
Pourfarzam, 2009; Panahi, 2013a). In the present study,
between-group difference of CRP changes did not reach
statistical significance. Nevertheless, the effect of probiotics
on circulating CRP concentrations in SM-exposed subjects
needs to be verified in larger populations, as there is evidence
on the CRP-lowering effect of these supplements in other
groups of people (Asemi, 2013; Shadnoush, 2013). In
addition, since the mean baseline CRP level of subjects
recruited for this study was 510 mg/L (thus being at high risk
of cardiovascular disease (Bogaty, 2005)), it will be required
to confirm the present results in subjects with upper normal
hs-CRP levels at baseline. In addition, it is necessary to look
at changes in other inflammatory mediators that could be
implicated in the pathogenesis of respiratory complications
following SM exposure. The impact of probiotics on IL-2, IL6, IL-10, IL-17, TNF-a and IFN-g as inflammatory drivers of
COPD, a condition with several similarities to mustard lung
disease (Sahebkar, 2015), has already been reported (Mortaz,
2013).
In conclusion, findings of the present trial, being the first
of its kind, suggested a reduction in the severity of clinical
symptoms (based on the CAT score) of subjects suffering
from chronic SM-induced pulmonary complications following
short-term supplementation with probiotics. The immunomodulatory and possible anti-inflammatory properties of probiotics appear to be mechanisms involved in the therapeutic
effects of this supplement in subjects suffering from chronic
SM-induced respiratory complications. Owing to the lack of
any improvement in the spirometric indices, the present
results do not favor any bronchodilatory activity of probiotics
but this needs to be confirmed in studies with longer-term
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All data are expressed as mean ± SD apart from CRP which is expressed as median (interquartile range).
FVC: forced vital capacity; FEV1: forced expiratory volume in one second; MMEF: maximal mid-expiratory
flow rate; CAT: COPD assessment test; CRP: C-reactive portions.
a
Independent-sample Student’s t-test (or Mann–Whitney’s U-test for non-normally distributed data) for
comparison of change values between the study groups.
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