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Late respiratory effects of sulfur mustard:
how is the early symptoms severity involved?
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The association between severity of exposure to sulfur mustard (SM) and late respiratory com-
plications is not clear. The aim of this study was to determine the presence of late pulmonary
complications in patients with mild, moderate, and severe initial symptoms of sulfur mustard
exposure. This was a retrospective cohort study on patients with mild, moderate, and severe
initial symptoms of sulfur mustard exposure (during 1983–1988) in Baqyatallah University of
medical sciences (2004–2005). The ‘mild’ group (n = 115) had no early symptom at the time of
exposure. The ‘moderate’ group (n = 273) had early symptoms after exposure and were not
hospitalized for that reason. The ‘severe’ group (n = 215) had early symptoms and had been
hospitalized accordingly. Pulmonary function tests and high-resolution computed tomography
of the chest were performed. The chi-square test was used for data analysis. The severe and
moderate groups had a similar frequency of obstructive pattern (21%), whereas only one patient
in the mild group showed this pattern. Air trapping did not significantly differ between groups.
In the mild group, 74.8% (n = 86) showed significant air trapping, whereas it was 62.3%
(n = 170) in moderate and 67.0% (n = 144) in severe groups (P = 0.057). Moderate and severe
exposure to sulfur mustard causes an equal risk of late pulmonary complications, while mild
exposure has lesser risk. Bronchiolitis obliterans is the main underlying respiratory consequence
of sulfur mustard exposures and may relate to host factors rather than to severity of early
symptoms. Chronic Respiratory Disease 2008; 5: 95–100
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Introduction

Sulfur mustard (SM) is an alkylating chemical war-
fare agent that was widely used during World War I
and in Iran–Iraq war between 1983 and 1988.1 The
eye, skin, and the respiratory system are the three
major targets for the early and late toxic effects of
SM.2,3 Respiratory complications are the most com-
mon delayed problem, whereas cutaneous and ocu-
lar lesions tend to alleviate or remain constant as
time passes.2–4

The effect of SM exposure can be altered by many
factors. Severity of exposure, which is usually
reflected by patients’ symptoms at the time of expo-

sure, is supposed to be important. Some environ-
mental and host susceptibility factors may also
alter the effects.2,5–7

Verifying the relationship of early symptom
severity with the occurrence of late complications
requires a comparison of the later effects with the
history of mild and severe initial exposures. The
exposure dose and severity could not be defined
exactly in warfare situations, especially when the
gas spreads through an indefinite area. Few studies
provide useful information about the impact of mild
exposure, whereas almost all reports thoroughly
document long-term pulmonary effects after severe
exposure to SM.8,9 Thus, there is not enough evi-
dence to support the idea that severity of exposure
and early symptoms may accurately predict late
respiratory complications. The aim of this study
was to determine the relationship between SM
early symptom severity and late respiratory
complications.
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Methods and materials

Patients and settings

A retrospective cohort study on individuals with
three different degrees of early symptoms of expo-
sure to SM was conducted in Baqyatallah Univer-
sity of medical sciences (2004–2005). All patients’
exposure to SM during Iran–Iraq war (1983–1988)
was documented by Janbazan Medical and Engi-
neering Research Center, which is the official center
responsible for war-disabled victims’ welfare. We
defined the contaminated areas as regions that was
attacked by chemical missiles or bombardment and
documented based on the army documentations. All
patients were military personnel with a single expo-
sure to SM due to a known presence in the contami-
nated area during the Iran–Iraq war, certified by
veteran’s affairs (Janbazan) and army
documentations.

The ‘mild’ group (115 patients) included exposed
individuals who had no early symptoms at the time
of exposure. The ‘moderate’ group (273 patients)
included those who had experienced early symptoms
after exposure but were not hospitalized. These
patients were judged to have moderate exposure.
The ‘severe’ group (215 patients) included indivi-
duals who experienced early symptoms immediately
after the exposure and were hospitalized
accordingly.7

A pulmonologist visited all patients with late
respiratory symptoms. Early respiratory symptoms
were obtained according to the patients’ self reports.
All patients underwent high-resolution computed
tomography (HRCT) and pulmonary function
tests (PFT).

High-resolution computed tomography

HRCT examinations were obtained on one scanner
(HiSpeed Advantage; General Electric Medical Sys-
tems, Milwaukee). Each HRCT examination con-
sisted of five 1.0-mm collimation images obtained
during both deep inspiration and full expirationy,
with the patient lying in a supine position. Images
were obtained at the levels of the aortic arch, mid-
way between the aortic arch and tracheal carina,
tracheal carina, midway between the tracheal carina
and the right hemidiaphragm, and 1 cm above the
right hemidiaphragm. No IV contrast was adminis-
tered. All images were reconstructed using a high–
spatial resolution algorithm and displayed at stan-

dard (level, −700; width; 1500) and narrow (level,
−700; width, 1000) lung window settings.

Inspiratory images were read before expiratory
ones, and images displayed at standard windows
before narrow window settings. The inspiratory
images were assessed for the presence of bronchiec-
tasis according to the previously established com-
puted tomography criteria.10–12 The mosaic paren-
chymal pattern was defined as areas of
heterogeneous lung attenuation in a lobular or mul-
tilobular distribution in expiratory phase.13 The
expiratory images were also assessed for the pres-
ence of air trapping. The criteria used to diagnose
air trapping were alteration of normal anteriopos-
terior lobar attenuation gradients and/or lack of
homogeneous increase in lung attenuation resulting
in persistent areas of decreased attenuation.14 The
extent of air trapping was quantified and catego-
rized using the same system as defined for hyperlu-
cent regions on inspiratory images. As limited air
trapping has been reported in normal individuals,14
the presence of air trapping was noted, scored, and
considered indicative of bronchilitis obliterans (BO)
in study patients only when it exceeded 25% (signif-
icant air trapping) of the cross-sectional area of an
affected lung on at least one scan level. Expiratory
images displayed at standard and narrow window
settings were directly compared to determine differ-
ences in the conspicuity of significant air trapping.

Pulmonary function test

Spirometry was performed according to American
Thoracic Society criteria.15 Forced expiratory vol-
ume in 1 second (FEV1) and forced vital capacity
(FVC) were recorded using spirometer (Jaeger,
Hochberg, Germany). All measurements were ana-
lyzed as percent of predicted values (FEV1%,
FVC%).16 Subjects were seated with a nose clip in
place and were asked to perform at least three forced
expiratory maneuvers. Both the patients and the
technician received visual feedback from a monitor
during the test, which was repeated until three tech-
nically satisfactory curves with reproducible con-
tour were obtained. All the indices used for the anal-
ysis were derived from the same maneuver, which
was the one with the largest FVC. Reference values
for predicted measures were derived from Iranian
criteria.16

According to the Global Initiative for Chronic
Obstructive Lung Disease criteria,17 the obstructive
pattern was determined using FEV1/FVC < 70% as
cutoff point. In the nonobstructive patients, a
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restrictive pattern was considered if FVC < 80% of
the predicted value.

PFT results were reported as restrictive (FVC%
<80% of predicted and FEV1/FVC >80%), obstruc-
tive (FEV1%/FVC% <70%), and normal.17

Statistical analysis

Relative frequency of symptoms, signs, PFT results,
and HRCT findings was calculated. Chi-square test
was applied to compare frequencies between groups.
Median and mean (±SD) is reported where indicated.
Kruskal–Wallis test and analysis of variance were per-
formed to compare numerical data between groups.
Fisher’s exact test was applied for relationship
between HRCT and PFT results. Analysis was per-
formed by SPSS 12 software, and P values <0.05
were considered statistically significant. The study
was approved by our local ethic committee at Baqya-
tallahUniversity ofmedical sciences and has been con-
ducted in accordance with theDeclaration ofHelsinki.

Results

Themean (±SD) age of patients did not significantly
differ between mild (42.3 ± 7.4), moderate
(43.1 ± 6.4), and severe (42.2 ± 6.9, P = 0.24)
groups. In the severe group, 82.2% of patients (178
of 215) reported cough and 80.5% (173) reported
dyspnea at the time of exposure. This was signifi-
cantly higher than 19.4% in moderate group (53 of

273, P < 0.001). Cigarette smoking status was not
significantly different between groups (Table 1).

PFT results

Thirty-three patients (28.7%) in mild group had nor-
mal PFT compared with 44% in other groups (120 in
moderate, 96 in severe, P = 0.009). Severe and mod-
erate groups had similar frequency of obstructive
pattern (21%), whereas only one patient in mild
group showed this pattern. The presence of a restric-
tive pattern did not significantly differ between
groups because one patient (of 115) in mild group,
10 (of 273) in moderate, and two (of 215) in severe
group showed this pattern (P = 0.06). FEV1/FVC
could not be differentiated between groups. The
mean (±SD) was 79.9 ± 12.3 in mild group,
80.4 ± 7.1 in moderate group, and 77.5 ± 12.3 in
severe group (P = 0.4). Groups were not different
in the terms of FEV1%. It was equal to 98.1 ± 12.7
in mild, 88.5 ± 18.7 in moderate, and 80.9 ± 22.2 in
severe group (P = 0.07).

HRCT results

Abnormal HRCT findings were similar between
groups. Twenty percent of patients in mild group
(23 of 115), 26.7% in moderate (73 of 273), and
25.1% in severe (54 of 215) group had normal
HRCT results (P = 0.37). Air trapping and emphy-
sema were insignificantly different between groups
(Table 2). The mean (±SD) score of air trapping was

Table 1 Cigarette smoking status in each group

Mild Moderate Severe P value

Previous smokers (N) 17.3% (19) 16.6% (42) 17.6% (35) 0.9
Cessation period (years)a 7.13 ± 5.5 7.33 ± 5.4 9.92 ± 6.9 0.4
Current smoking rate (pack/year)b 6.2 1.5 2.5 0.1
Current smokers 7.0% (8) 4.8% (13) %9 (4.2) 0.5

aData are presented as mean ± SD.
bData are presented as median, pack/year is calculated as: cigarettes/day/20 × years.

Table 2 Prevalence (N) of abnormal HRCT findings in each group

Mild Moderate Severe P value

Significant air trapping 74.8% (86) 62.3% (170) 67.0% (144) 0.057
Mosaic perfusion 0.9% (1) 1.5% (4) 1.4% (3) 0.89
Emphysema 4.3% (5) 12.5% (34) 7.9% (17) 0.29
Tree in bud 0.9% (1) 1.1% (3) 2.3% (5) 0.44
Tracheomalacia 1.7% (2) 2.2% (6) 2.3% (5) 0.9
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equal to 3.9 ± 2.3 in mild, 3.9 ± 2.2 in moderate,
and 3.9 ± 2.9 in severe group (P = 0.9).

Wheezing had increased from mild to severe
group, but crackles and rales did not show this dif-
ference (Table 3). Respiratory symptoms did not
differ between groups (Table 3). The Fisher exact
test did not show any significant relationship
between PFT results and chest HRCT findings
(P = 0.5, Table 4).

Discussion

Our results showed that the severity of SM early
symptoms is related to the risk of late obstructive
pulmonary disease. Patients with mild early symp-
toms had a lower risk for obstructive respiratory
pattern than others with moderate or severe symp-
toms. The obstructive pattern accounted for the
most common feature of pulmonary involvement
after SM exposure,18,19 which was not different in
patients with moderate and severe early symptoms.
Patients with mild early symptoms, who developed
respiratory complications in long term, usually have
normal lung function, followed by mild obstructive
involvement.20,21 It seems that if the exposure is
severe enough to cause early symptoms and hospi-
talization, the risk of late pulmonary involvement
will increase. But later, the variation from moderate
to severe and different periods of hospitalization
after the exposure did not alter the outcome.
Hence, other factors such as individuals’ susceptibil-
ity would be more important than early symptom
severity or hospitalization.

The nature of an exposure effect in combat situa-
tions is not simple. A large variety of factors can
greatly affect the soldier’s response to SM
exposure.8 Temperature, humidity, skin moisture,
exposed surfaces, fitness of personal protective
equipment, wind and direction, activity level of the
soldier (at rest or running), and host susceptibility
factors may also alter the effects.2,5,6 Receiving an
effective exposure, which can be defined as an expo-
sure capable of causing early symptoms, is necessary
to develop late respiratory problems. But if the
symptoms occur, the severity of early symptoms
could not predict the severity of delayed
complications.

Findings of chest HRCT as the imaging proce-
dure of choice in SM-exposed patients22 do not cor-
relate with the severity of early symptoms. Our
results showed that more severe early symptoms
did not increase the incidence of significant air trap-
ping or mosaic perfusion, which was reported to be
the most frequent radiological findings in both
symptomatic and asymptomatic SM-exposed
patients.23,24 Histopathological investigations and
radiological evidence have already shown that bron-
chiolitis obliterans is the underlying cause of chest
HRCT findings.24,25 Significant air trapping is the
most sensitive and accurate radiologic indicator of
BO.26

Exposure to respiratory irritants is known to
cause small airway disease and affect transfer capa-
bility. However, in the case of exposure to SM,
bronchiolitis should be considered the major long-
term sequel following SM exposure.23–25,27 Findings
of the study are not extensive enough to suggest a
definitive mechanisms for the development of bron-
chiolitis. We can just suggest that BO may not be
related to the symptom severity or the period of hos-
pitalization after exposure and other factors
involved in its pathogenesis should be noticed.

Fibroproliferation and tissue remodeling clearly
play an important role in pathogenesis of BO.28
Many growth factors may promote fibroblast repli-
cation and collagen accumulation,28,29 whereas the

Table 3 Comparison of different signs and symptoms between different groups

Mild Moderate Severe P value

Rale (N) 2.6% (3) 3.3% (9) 4.2% (9) 0.7
Crackle (N) 1.7% (2) 2.9% (8) 4.2% (9) 0.4
Wheezing (N) 9.6% (11) 18% (46)* 23% (51)a 0.004
Cough (N) 96.3% (104) 93.6% (248) 94.7% (195) 0.57
Dyspnea (N) 98.2% (110) 96.2% (254) 97.6% (200) 0.5
Hemoptysis (N) 75.8% (157) 70.2% (177) 75.7% (84) 0.3

aP = 0.07.

Table 4 Comparison of chest HRCT and pulmonary function
test (PFT) results (n = 603)

Chest HRCT

Significant air trapping Normal

Normal PFT 27.4% (165) 13.9% (84)
Abnormal PFT 39% (235) 19.7% (119)
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role of transforming growth factor-β (TGF-β) is the
most crucial.30–32 Overexpression of TGF-β in
macrophages and mesenchymal and mesoendothe-
lial cells can cause BO changes.33–35 TGF-β target
protein is substantially increased in broncho-
alveolar lavage (BAL) aspirates and target tissues of
SM-exposed patients.36 Thus, host susceptibly such
as immunologic factors may play an important role
in developing delayed complications while severity
early symptoms are not predictive.

Air trapping in mild group was not significantly
less than in others. Patients in mild group might
have had a better expiration during imaging, leading
to diagnosis of less significant air trapping. In other
two groups, unsatisfactory expiration may cause dif-
ficulties in diagnosis of significant air trapping.
Thus, more frequently detected significant air trap-
ping in mild group may not suggest more occur-
rences but more accuracy. Such conditions could
affect our results of HRCT studies and should be
considered a potential limitation.

We should not give weight to the period of hospi-
talization after early symptoms to predict late respi-
ratory complications, and patients with moderate
and severe symptoms should receive similar care.
There was a gap of about 16 years between exposure
and this study. This should be taken into account in
generalizing our findings because we may have lost
some severely affected patients. However, the trend
of the disease may have differed between groups
during these 16 years.

The first contact with SM is mostly painless and
only a garlic or sulfur odor can be noticed.37
Patients experience a symptom-free period for sev-
eral hours. Mild exposures are associated with a lon-
ger symptom-free period. After that the patient may
just have some transient itching or eye watering.37
This transient irritation some days after exposure
may be simply neglected in combat situation. This
may be the case in the mild group.

In conclusion, a dose of SM exposure capable of
causing early symptoms is necessary to result in
developing late respiratory complications. The
severity of such early symptoms and the period of
consequent hospitalization would not alter the risk
of future pulmonary disease. The nature of an SM
exposure effect in combat situations cannot be
explained by the exposure severity and the occur-
rence of early clinical complications. Host suscepti-
bility and immune factors such as TGF-βmay play a
crucial role in developing late respiratory complica-
tions. Bronchiolitis obliterans, as the main underly-
ing disease, seems to depend on host response rather
than a dose–response pathophysiology.

References

1 United Nations Security Council. : Report of the mission dis-
patched by the Secretary General to investigate allegations of the
use of chemical weapons in the conflict between the Islamic Repub-
lic of Iran and Iraq. S/19823. United Nations, New York, 1988.

2 Balali-Mood, M, Hefazi, M. Comparison of early and late toxic
effects of sulfur mustard in Iranian veterans. Basic Clini Pharmacol
Toxicol 2006; 99: 273–282.

3 Khateri, S, Ghanei, M, Soroush, M, Haines, D. Incidence of lung,
eye and skin lesions as late complications in 34,000 Iranians with
wartime exposure to mustard agent. J Occup Environ Med 2003;
452: 1136–1143.

4 Balali, M, Hefazi, M. The pharmacology, toxicology, and medical
treatment of sulphur mustard poisoning. Fundam Clin Pharmacol
2005; 19: 297-315.

5 Sidell, FR. Clinical notes on chemical casualty care. In: USAAR-
MICD technical memorandum.U.S. Army Medical Research Insti-
tute of Chemical Defense. Aberdeen Providing Ground, Aberdeen,
1990; pp. 90–91.

6 Papirmeister, B, Feister, AJ, Robinson, SI, Ford, RD. Medical
defense against mustard gas: Toxic mechanisms and pharmacologi-
cal implications. Boca Raton, Florida: CRC Press, 1991.

7 Sartin, JS. Gulf war illnesses: cases and controversies. Mayo Clin
Proc 2000; 75: 811–819.

8 Perrotta, DM. Environment Committee Armed Forces Epidemio-
logical Board long-term health effects associated with sub-clinical
exposures to GB and mustard. Gulflink: Office of the Special
Assistant for Gulf War Illnesses; 1996. Available at www.gul-
flink.osd.mil/agent.html.

9 Ghanei, M, Fathi, H, Mohammad, M, Aslani, J, Nematizadeh, F.
Long-term respiratory disorders of claimers with subclinical expo-
sure to chemical warfare agents. Inhal Toxicol 2004; 16: 491–495.

10 McGuinness, G, Naidich, DP. CT of airways disease and bronchi-
ectasis. Radiol Clin North Am 2002; 40: 1–19.

11 Muller, NL, Bergin, CJ, Ostrow, DN. Role of computed tomogra-
phy in the recognition of bronchiectasis. AJR Am J Roentgenol
1984; 143: 971–976.

12 Hansell, DM. Bronchiectasis. AJR Am J Roentgenol 1993; 160:
253–259.

13 Stem, EJ, Swensen, SJ, Hartman, TE, Frank, MS. CT mosaic pat-
tern of lung attenuation: distinguishing different causes. AJR Am J
Roentgenol 1995; 165: 813–816.

14 Webb, WR, Stern, EJ, Kanth, N, Gamsu, G. Dynamic pulmonary
CT: findings in healthy adult men. Radiology 1993; 186: 111–124.

15 American Thoracic Society. Standardization of spirometry, 1994
update. Am J Respir Crit Care Med 1995; 152: 1107–1136.

16 Golshan, M, Nematbakhsh, M, Amra, B, Crapo, RO. Spirometric
reference values in a large Middle Eastern population. Eur Respir J
2003; 22: 529–534.

17 Pauwels, RA, Buist, AS, Calverley, PM, Jenkins, CR, Hurd, SS, et
al. Global strategy for the diagnosis, management, and prevention
of chronic obstructive pulmonary disease. NHLBI/WHO Global
Initiative for Chronic Obstructive Lung Disease (GOLD) Work-
shop summary. Am J Respir Crit Care Med 2001 163: 1256–1276.

18 McDuffie, H, Pahwa, P, Dosman, JA. Respiratory health status of
3098 Canadian grain workers studied longitudinal. Am J Ind Med
1991; 20: 753–762.

19 Emad, A, Rezaian, GR. The diversity of effects of sulfur mustard
gas inhalation on respiratory system 10 years after a single, heavy
exposure: Analysis of 197 cases. Chest 1997; 112: 734–738.

20 Hefazi, M, Attaran, D, Mahmoudi, M, Balali-Mood, M. Late
respiratory complications of mustard gas poisoning in Iranian
veterans. Inhal Toxicol 2005; 17: 587–592.

21 Ghanei, M, Fathi, H, Mohammad, MM, Aslani, J, Nematizadeh,
F. Long-term respiratory disorders of claimers with subclinical
exposure to chemical warfare agents. Inhal Toxicol 2004; 16: 491–
495.

22 Bagheri, MH, Hosseini, SK, Mostafavi, SH, Alavi, SA. High-
resolution CT in chronic pulmonary changes after mustard gas
exposure. Acta Radiol 2003; 44: 241–245.

Sulfur mustard exposure dose
M Ghanei et al.

99

http://crd.sagepub.com



23 Dompeling, E, Jobsis, Q, Vandevijver, NM, Wesseling, G,
Hendriks, H. Chronic bronchiolitis in a 5-yr-old child after expo-
sure to sulphur mustard gas. Eur Respir J 2004; 23: 343–346.

24 Ghanei, M, Mokhtari, M, Mohammad, MM, Aslani, J. Bronchi-
olitis obliterans following exposure to sulfur mustard: chest high
resolution computed tomography. Eur J Radiol 2004; 52: 164–169.

25 Beheshti, J, Mark, EJ, Akbari, H, Ghanei, M. Mustard lung
secrets: long term clinicopathological study following mustard
Gas exposure. Pathol Res Pract 2006; 202: 739–744.

26 Kraft, M, Mortenson, RL, Colby, TV, Newmann, L, Waldron, JA
Jr, King, TE Jr. Cryptogenic constrictive bronchiolitis. Am Rev
Respir Dis 1993; 148: 1093–1101.

27 Thomason, JW, Rice, TW, Milstone, AP. Bronchiolitis obliterans
in a survivor of a chemical weapons attack. JAMA 2003; 290: 598–
599.

28 Selman, M. Pulmonary fibrosis: human and experimental disease.
In: Rojkind, M, (ed) Focus on connective tissue on health and disea-
sey. Boca Raton, Florida: CRC; 1989, pp. 123–188.

29 Antonidas, HN, Bravo Avila, R, Galonopoulus, T, Neville, J,
Maxwell, M, Selman, M. Platelet-derived growth factor in idio-
pathic pulmonary fibrosis. J Clin Invest 1990; 86: 1055–1064.

30 Blobe, GC, Schiemann, WP, Lodish, HF. Role of transforming
growth factor beta in human disease. N Engl J Med 2000; 342:
1350–1358.

31 Awad, MR, El-Gamel, A, Hasleton, P, Turner, DM, Sinnott, PJ,
Hutchinson, IV. Genotypic variation in the transforming growth
factorbeta1 gene: association with TGF-beta1 production, fibrotic
lung disease, and graft fibrosis after lung transplantation. Trans-
plantation 1998; 66: 1014–1020.

32 Crouch, E. Pathophysiology of pulmonary fibrosis. Am J Physiol
Lung Cell Mol Physiol 1990; 259: L159–L184.

33 Eickelberg, O, Köhler, E, Reichenberger, F, Bertschin, S, Woodtli,
T, Erne, P, et al. Extracellular matrix deposition by primary
human lung fibroblasts in response to TGF-β1 and TGF-β3. Am
J Physiol Lung Cell Mol Physiol 1999; 276: L814–L824.

34 Khalil, N, O’Connor, RN, Unruh, HW, Warren, PW, Flanders,
KC, Kemp, A. Increased production and immunohistochemical
localization of transforming growth factor in idiopathic pulmonary
fibrosis. Am J Respir Cell Mol Biol 1991; 5: 155–162.

35 El-Gamel, A, Sim, E, Hasleton, P, Hutchinson, J, Yonan, N,
Egan, J, et al. Transforming growth factor beta (TGF-beta) and
obliterative bronchiolitis following pulmonary transplantation. J
Heart Lung Transplant 1999; 18: 828–837.

36 Aghanouri, R, Ghanei, M, Aslani, J, Keivani-Amine, H, Rastegar,
F, Karkhane, A. Fibrogenic cytokine levels in bronchoalveolar
lavage aspirates 15 years after exposure to sulfur mustard. Am J
Physiol Lung Cell Mol Physiol 2004; 287: 1160–1164.

37 Kehe, K, Szinicz, L. Medical aspects of sulphur mustard poison-
ing. Toxicology 2005; 214: 198–209.

Sulfur mustard exposure dose
M Ghanei et al.

100

Chronic Respiratory Disease


