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Abstract

Background: A longitudinal study was conducted in order to assess the impact of the Ghislenghien disaster (July
30th, 2004) on physical, mental and social health in the affected population. The present study explored the risk for
the development of four types of mental health disturbances (MHD) due to exposure to different aspects of this
technological disaster in comparison with data obtained from previous health surveys among the population of the
same province.

Methods: Surveys were conducted 5 months (T1) and 14 months (T2) after the disaster. Potential adult victims
(≥15 years) were included (n = 1027 and 579 at T1 and T2 respectively). The “Symptom Checklist-90-Revised” (SCL-90-R)
has been used in order to compute actual prevalence rates of somatization-, depression-, anxiety- and sleeping
disturbances for three defined exposure categories: direct witnesses who have seen human damage (SHD), direct
witnesses who have not seen human damage (NSHD) and indirect witnesses (IW). Those prevalence rates were
compared with overall rates using the inhabitants of the province of Hainaut (n = 2308) as reference population.
A mental health co-morbidity index was computed. Relative risks were estimated using logistic regression models.

Results: Prevalence rates of the four MHD were much higher for the SHD than for the other exposure groups, at T1
and T2. Moreover, NSHD and IW had no increased risk to develop one of the 4 types of MHD compared to the
reference population. The SHD had at T1 and T2 good 5-times a higher risk for somatization, about 4-times for
depression and sleeping disorders, and 5- to 6-times for anxiety disorders respectively. Further, they suffered 13
times, respectively 17 times more from all mental disorders together.

Conclusions: The present study calls attention to the fact that mental health problems disturbances are significantly
more prevalent and long-lasting among survivors who have directly been exposed to human damage.
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Background
People exposed to potentially traumatic events in the
context of a disaster often suffer from a wide range of
psychological symptoms including anxiety-, depression-,
and posttraumatic stress symptoms as well as physical
symptoms such as somatization [1-3]. Disaster survivors
are often difficult to define and the denominator is usu-
ally unclear in the direct aftermath of disaster. For this
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reason, disaster research often focuses on the residents
of the official disaster area [4] or survivors who had to
be relocated after the disaster [5]. In other cases [6], vic-
tims are identified through the medical chain and as a
function of their medical condition. It is also well known
that there exists a relationship between the severity of
exposure and the mental health condition, called dose–
response relationship, which could serve as a basis for
victims classification. Severe exposure such as threat of
life, the confrontation with injury and human losses or
severe initial stress reactions may be considered as
event-specific risk factors [7-9].
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On July 30th 2004, an accidental leakage in a high
pressure gas pipe, which passed under the industrial
zone of Ghislenghien (Belgium) exploded and instantly
killed 24 people by the blast of the explosion. From the
first fire crew, only two firefighters survived the initial
blast and 132 people were injured. When the first crew
of firefighters arrived on-scene, an enormous explosion
took place: the heat of the fire was felt up to two kilome-
ters from the explosion site. An impressive column of
fire rose into the air and the heat was felt up to two ki-
lometers away from the explosion site. Debris from the
gas pipe and buildings was projected up to six kilome-
ters away from the epicenter; up to 16 km from the ex-
plosion, air vibrations were registered. Hundreds of
fire, rescue and police personnel rushed to the disaster
area and all the hospitals in the region received numer-
ous victims. A wide area was affected by the largest
technological disaster that Belgium ever knew since the
mine disaster of Bois du Casier in Marcinelles in which
a fire caused the death of 136 Italian and 95 Belgian
mineworkers (1956).
Predictors of the intensity of the PTSD symptoms

among adult survivors of the Ghislenghien disaster have
already been described in De Soir et al. [10]. The kind of
exposure to the disaster, in particular, the degree to
which life threat was experienced, was a predictor of the
severity of PTSD symptoms. Survivors were classified in
three main categories: victims who had been directly
exposed to the disaster and direct witnesses (primary
victims), indirect witnesses (secondary victims) i.e. who
had been exposed to the disaster by the intermediate of
the affective proximity to a victim, and, people who
could have been exposed directly to the disaster [10].
This article aims to assess the impact of the Ghislenghien

gas explosion at two different points in time on the
prevalence rates of four mental health disorders (MHD),
namely somatization-, depression-, anxiety- and sleeping
disorders, in a population affected by the disaster depend-
ing on three types of exposure. In addition, the prevalence
rates will be compared with a Belgian reference popula-
tion, enabling the quantification of the risk of having a
MHD that can be attributed to the disaster.
Since the current literature indicates a dose–response

relationship between exposure and mental health con-
dition a classification of exposure types has been set
up. Categories are have seen human damage (SHD),
not have seen human damage (NSHD) and indirect
witnessing (IW)

Methods
Procedures
Study population
The target group was composed of all potential victims
of the Ghislenghien gas explosion. They included 1)
residents of surrounding villages living up to maximum
5 km from the explosion epicenter near the industrial
site and 2) employees, whether present or not, of 4 com-
panies located on the industrial ground of Ghislenghien,
as well as 3) their family members, including children
from 8 to 14 years old. All the above subjects were con-
nected with the disaster through a geographical or pro-
fessional proximity as well as connections through
relatives. Participation to the study was voluntary. To
compare with the reference population (see below), only
adult persons – i.e. aged 15 years and older - have been
selected for this paper.

Study design
Aside of the classic socio-demographic data, five mental
health indicators were measured at two time points. The
first was in December 2004, 5 months after the disaster
(T1). A follow-up assessment was carried out in Septem-
ber 2005, 14 months after the disaster (T2), enabling the
evaluation of changes in health approximately one year
after the disaster. As such, 1027 people (49.8% men,
50.2% women) agreed to participate in the study at T1
and 579 people (48.9% men, 51.1% women) at T2. The
response rate at household level at T1 and T2 was 18%
(n = 607 families) and 56% (n = 338 families). Ages ranged
from 15 to 92 years with a mean age of 44.98 years
(Se = 0.52). More details on the study design can be
found in Versporten et al. [1].

Reference population
The current study used the same mental health instru-
ments as the 2001 Belgian National Health Interview
Survey, enabling us to use those data as a reference [11].
Ghislenghien is located in the province of Hainaut in
Belgium. For reasons of closest comparability it was de-
cided to include data of persons aged 15 years and older
from the province of Hainaut (n = 2308), rather than
those of the general Belgian population.

Exposure classification of victims
People described their degree of exposure to the disaster
in the questionnaire by selecting among three exposure
categories according to the individual’s proximity to the
disaster.

1. The first category encompasses the direct witnesses
who have seen human damage (SHD) (n = 84).
Those persons were ‘active witnesses’ of the disaster
i.e. they witnessed the deceased or severly burnt
victims, tried to offer their help and were directly
exposed to effects of the explosion as they were
present on site at the moment of the disaster. They
were expected to be more prone to adverse health
consequences due to the witnessing of grotesque



De Soir et al. Archives of Public Health  (2015) 73:20 Page 3 of 8
scenes at the site and the life treat they have
experienced [12].

2. The second category are the direct witnesses who
have not seen human damage (NSHD) (n = 597).
They were ‘passive witnesses’ of the explosion such
as local residents living in the surrounding
communities up to 5 kilometers from the industrial
site; they had heard, seen, smelled and experienced
the disaster from a distance.

3. The third category concerns the indirect witnesses
(IW) (n = 346). They have been indirectly exposed to
the disaster through an affective proximity with a
SHD or a NSHD. They were family members or
colleagues of deceased or wounded persons.
(e.g. co-workers not present on site, partner of a SHD).

A detailed overview of the defined categories, including
their response rates at both time points, have been
reported in Versporten et al. [1].

Mental health assessment
Mental health was assessed at the T1 and T2 using
the depression-, anxiety-, disturbances of sleep and
somatization symptoms subscales of the “Symptom
Checklist-90-Revised” (SCL-90-R) to detect cases for one
or more of the above and measure their intensity [10].
This self-report checklist inquires the current psycho-
logical state during the preceding week without making
reference to the normal state. In this way, chronic prob-
lems are taken into account. A total score equals the sum
of item scores (0 to 4), divided by the number of items in
the subscale considered. Cases with more than 4 items
missing on a given subscale were excluded for analysis. A
threshold of 2 (SCL-score 0–1 versus 2–4) was used to as-
sign the respondents to a group with - or a group without
substantial disturbance:

– Somatization is defined by chronic complaints of
widespread physical symptoms across multiple organ
systems [12]. It refers to the development of
physical symptoms for which no organic cause is
found but which could have a psychological cause
[13] (12-item scale);

– Depression is defined as the common concept of the
‘depressive syndrome’ with important characteristics
as there are changes in good spirits, decline of
energy, decrease of everyday activity, less capacity of
oneself feeling fine, lack of interest, losing one’s
concentration and feeling oneself inexplicably tired
(13-item scale);

– Anxiety covers an emotional component (concern,
fear, terror, etc.) as well as a physical one (tensed
muscles, trembling, dry mouth, sweating,
stomachache, diarrhea, etc.) (10-item scale);
– Disturbances of sleep encompassed problems to fall
asleep, to wake up and the quality of sleep (3-item
scale).

To compare our data with existing data on mental health
disorders in the reference population, a co-morbidity scale
was created : 0 up to 4 mental health disorders (MHD), 1
to 4 versus 0 MHD, and 1 to 3 or 4 versus 0 MHD respect-
ively (see below).

Data analysis
Prevalence rates of somatization-, depression-, anxiety-
and sleeping disturbances as well as a mental health
co-morbidity index were computed for the three defined
exposure categories and compared with the reference
population.
Multivariate logistic regression models and multi-

nomial logistic regression models adjusting for age
(categorized in 6 categories: 15–24, 25–34, 35–44, 45–
54, 55–64, >65 years), sex and educational level (lower
secondary or less education versus higher secondary
education or university level) were used. Relative risks
for mental health disorders, compared to the reference
population, were computed. Finally, a proportional
odds model was used. This model takes into account
the order of the outcome variable, namely the number
of MHD reported. The latter results are less precise
but more concise than working at the symptom/cluster
level. Computations were performed with SPSS 16.0 and
STATA 8.

Results
The prevalence rates of the four examined MHD were
much higher for the SHD (28 to 48 %) than for the
NSHD, the IW and the reference group (10 to 20 %) at
T1. Those figures remained more or less the same at T2
except a slight reduction in prevalence for depression
(see Figure 1).
Logistic regressions gave evidence of 4- to 5 times

higher rates among the SHD as compared to the refer-
ence population at T1 in all four MHD. Those rates
slightly increased by 0.3 to 0.7 at T2 except for sleeping
disorders (decrease by 0.3). Overall, NSHD and IW did
not differ from the reference group at T1 nor at T2
(see Table 1).
The co-morbidity prevalence was much higher among

SHD compared to the other groups, at T1, the most
striking difference being for 4MHD (see Figure 2): Some
15.% of the SHD versus only 1.7% of the NSHD and
4.0% of the IW at T1. At T2, the are even 17.0% of the
SHD with four MHD, while the prevalence in the other
categories did not change. The rates of having 2 or 3
MHD decreased at T2 as compared to T1 for the SHD
but remained stable for all other groups. Moreover the
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Figure 1 Prevalence of mental disturbances by type of exposition at 5 and 14 months after the disaster as compared with data of the
province of Hainaut (Health Interview Survey 2001).
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prevalence of having only 1 MHD increased in all victim
categories at T1 but most for the SHD.
Table 2 presents the cumulative frequency distribution

of having 1 up to 4 MHD against the prevalence of per-
sons without any MHD. At T1, 55.2% of the SHD, 24.7%
of the NSHD and 21.8% of the IW, had at least one spe-
cific recent mental problem as compared to 28.4% in the
reference population. At T2, this amount remained the
same for the SHD, slightly increased in the NSHD and
approaches the prevalence rate of the reference popula-
tion in the IW.
Three different models were employed to test whether

the people affected by the Ghislenghien disaster had a
higher risk to suffer from one or more MHD as com-
pared to the reference population. Odds ratios were
computed for the 3 exposure groups. People with no
mental health disorder were taken as reference group
(see Table 3). First, a multivariate logistic regression
model calculated stratum specific estimates of having 1
to 4 MHD, adjusted for sex, age and educational level.
Table 1 Odds ratios of the 4 mental health disturbances by e
for sex, age and educational level 5 and 14 months after the

Depression

OR (95%CI) OR (95%CI)

5 months 14 months 5 months

Province Hainaut (Ref.) 1 1 1

Direct witness, SHD 5.2 (3.0-9.2) 5.6 (2.7-11.6) 4.3 (2.4-7.7)

Direct witness, NSHD 0.9 (0.6-1.4) 1.1 (0.7-1.7) 0.8 (0.6-1.2)

Indirect witness 1.3 (0.8-2.1) 1.7 (0.9-2.9) 1.3 (0.9-2.1)

Sex (women vs men) 1.2 (1.1-1.4) 1.3 (1.2-1.5) 1.1 (0.9-1.2)

Age (by 10 years) 2.0 (1.5-2.7) 2.0 (1.4-2.8) 2.1 (1.5-2.8)

Educational level (low vs high) 1.6 (1.1-2.1) 1.6 (1.1-2.2) 1.6 (1.2-2.2)

SHD = Seen human damage, NSHD = Not seen human damage.
Total N at 5 months = 2184 subjects (Ghislenghien n = 966; Hainaut n = 1218); Total
Multilogistic regression model.
The results indicated that SHD had a 3.6 times higher
risk of having 1 or more MHD at T1. This ratio
remained the same at T2. NSHD and IW do not differ
from the reference population (OR around 1). Second, a
multinomial logistic regression model revealed odds ra-
tios of having 1 to 3 MHD respectively 4 MHD by ex-
posure type as compared to the reference population.
The OR for 4 MHD in the SHD group is 12.8 at T1 and
increases to 16.9 at T2. It should however be noted that
large confidence intervals were found, probably due to
the limited number of cases within the SHD group (n = 84
at T1 and n = 47 at T2). The risk of having all 4 MHD in
the NSHD is about 1 but about 2 in the IW. Finally, a pro-
portional odds model allowed to estimate the odds ratio of
having 1 MHD more in the victims population than the
reference population. SHD had a proportional odd of
about 5 at T1. In other words, the chances of going, for
example, from having 2 MHD to at least 3 or 4 MHD are
5 times higher in the SHD group. Similar results were
found at T2 for all groups.
xposure as compared to the province of Hainaut adjusted
disaster

Anxiety Sleeping disturbance

OR (95%CI) OR (95%CI)

14 months 5 months 14 months 5 months 14 months

1 1 1 1 1

4.6 (2.2-9.6) 5.0 (2.8-8.9) 5.9 (2.9-12.2) 4.6 (2.9-7.3) 4.2 (2.3-7.9)

0.8 (0.5-1.3) 1.0 (0.7-1.5) 1.1 (0.7-1.7) 1.3 (0.9-1.6) 0.8 (0.5-1.1)

1.2 (0.7-2.1) 1.2 (0.8-1.9) 1.6 (0.9-2.7) 1.5 (1.1-1.9) 0.9 (0.6-1.5)

1.1 (1.0-1.2) 0.9 (0.9-1.0) 0.9 (0.9-1.1) 1.2 (1.1-1.3) 1.2 (1.1-1.3)

2.3 (1.6-3.2) 2.2 (1.6-3.0) 2.1 (1.5-3.0) 1.2 (0.9-1.4) 1.5 (1.2-1.9)

1.4 (1.0-2.0) 1.6 (1.1-2.2) 1.4 (0.9-2.0) 1.4 (1.1-1.7) 1.3 (1.0-1.7)

N at 14 months = 1708 subjects (Ghislenghien n = 492; Hainaut n = 1216).
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Figure 2 Prevalence of the number of mental disturbances by type of exposition at 5 and 14 months after the disaster as compared
with data of the province of Hainaut (HIS 2001).
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Discussion
Our findings indicate that mental health disturbances
were more prevalent in the population that was closely
involved in the Ghislenghien disaster as compared to the
more distant groups and to the reference population,
who do not differ among each other . This is on the one
hand indicative of a dose–response relationship but on
the other hand of a floor effect. Moreover, the direct
witnesses who had seen human damage (SHD) had signifi-
cantly higher prevalence rates of recent somatization-,
depression-, anxiety- and sleeping disturbances both at
T1 and T2. In addition, the very high percentage of
co-morbidity among the SHD is striking. Significantly
more often they suffered from the four mental problems
together as compared to the reference population and the
other victim groups. Similar results were found at T2, sug-
gesting that, for these victims, the impact of the disaster
on mental health had not been resolved over time. This is
not consistent with some studies showing a decreasing
level of depression, anxiety and PTSD over time [14,15]
while other studies show that certain symptoms continue
to exist many years after [16].
An individual response to a disaster depends on event

factors as well as individual factors. Our results confirm
Table 2 Distribution of cumulative prevalence (%) of having 1
mental disturbance at 5 and 14 months after the disaster

No mental disturbances

Province of Hainaut 71.6

5 months

Direct witness SHD 44.8 44.7

Direct witness NSHD 75.3 74.2

Indirect witness 78.2 72.4

SHD = Seen human damage, NSHD = Not seen human damage.
that physical proximity to the disaster (event factor) was
a predominant criterion for the observed psychological
impact [17,18] because people who have been exposed
to the Ghislenghien disaster in a less drastic way (NSHD
and IW) did not show the above-mentioned mental
health effects. Concerning the eventual effect of individ-
ual factors, we controlled for sex, age and educational
level in our analyses. Our study confirms the impact of
those socio-demographic variables: women are about 1.5
times more prone to adverse health effects than men,
just as younger people are more affected than elder ones
(OR 2) and lower educated subjects more than higher
educated OR. 1.6). Furthermore we could not take into
account the history or the presence of a mental disorder
and any pre-existing psychopathology within the family.
Two other causes may explain the elevated prevalence

rates over time. First, the way in which the Ghislenghien
disaster was managed in the immediate aftermath; for
example, unclear, confusing or inaccurate information
was given at an early stage of the event. This may have
led to increased fear, distrust, anxiety, depression and
anger [16,18]. However, it is known that human-made
disasters often have an unclear endpoint and result in
distrust of authorities [19-21]. Crisis management errors
up to 4 mental disturbances versus persons without

Having 1–4 mental disturbances

28.4

14 months

5 months 14 months

55.2 55.3

24.7 25.8



Table 3 Odds ratios of having 1 up to 4 MHD (mental health disturbances); 1 up to 3 MHD/4 MHD; and odds ratios of
being in a higher numbered category (having 1 MHD more) by exposure type as compared to the province of Hainaut
adjusted for sex, age and educational level at 5 and 14 months after the disaster

1- 4 MHD1 1 - 3 MHD2 4 MHD2 Odds ratios of being in a higher
numbered category3

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

5 months 14 months 5 months 14 months 5 months 14 months 5 months 14 months

Province Hainaut (Ref.) 1 1 1 1 1 1 1 1

Direct witness, SHD 3.6 (2.3-5.9) 3.6 (1.2-6.7) 2.8 (1.7-4.7) 2.5 (1.3-5.2) 12.8 (5.7-28.4) 16.9 (6.2-45.9) 4.7 (2.9-7.4) 4.9 (2.7-9.0)

Direct witness, NSHD 0.9 (0.7-1.1) 0.8 (0.6-1.1) 0.8 (0.7-1.1) 0.8 (0.6-1.1) 0.7 (0.3-1.4) 1.0 (0.4-2.5) 0.9 (0.7-1.1) 0.8 (0.6-1.1)

Indirect witness 0.9 (0.6-1.2) 1.1 (0.8-1.6) 0.7 (0.5-1.0) 1.0 (0.7-1.5) 1.8 (0.9-3.6) 1.8 (0.6-4.9) 0.9 (0.7-1.3) 1.2 (0.8-1.7)

Sex (women vs men) 1.5 (1.2-1.8) 1.7 (1.4-2.1) 1.5 (1.2-1.8) 1.6 (1.3-2.1) 2.6 (1.5-4.6) 2.6 (1.4-5.0) 1.5 (1.2-1.8) 1.6 (1.3-2.0)

Age (by 10 years) 1.2 (1.1-1.2) 1.2 (1.1-1.3) 1.2 (1.1-1.2) 1.2 (1.1-1.3) 1.1 (0.9-1.3) 1.2 (0.9-1.4) 1.2 (1.1-1.2) 1.2 (1.1-1.3)

SHD = Seen human damage, NSHD = Not seen human damage.
1Multivariate logistic regression model.
2Multinomial logistic regression model.
3Proportional odds model (ordinal cumulative logit model).
Use of weighted data for the reference population, the province of Hainaut, weight for the Ghislenghien population =1.
The reference category is ‘having no MHD’.
Quest.1: Ghislenghien n = 966 (direct witness SHD: n = 79, direct witness NSHD: n = 559, indirect witness: n = 328), Province of Hainaut n = 1231.
Quest.2: Ghislenghien n = 499 (direct witness SHD: n = 43, direct witness NSHD: n = 290, indirect witness: n = 166), Province of Hainaut n = 1231.
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and a lack of adequate psychosocial assistance may have
played a role in the detrimental mental health effects.
Second, the fact that the responsibilities in this disaster
were unclear for a long time may have leaded to ongoing
pathogenic processes and to a long-lasting psychological
impact among the SHD. Anecdotic evidence coming
from personal contacts with victims during support
meetings and answers on open-ended questions of the
questionnaire indicated that this was particularly true
for victims who reported exposure to severe human
suffering.

Limitations of the study
In most traumatized populations, risk for traumatic
events is confounded with pre-existing psychosocial fac-
tors [22]. The design of our study does not rule out the
possibility that some participants had histories of mental
health problems before the disaster. We could not docu-
ment the occurrence of symptoms and patterns of com-
plaints prior to the disaster. Nevertheless, a causal
assumption may be generated as the symptoms may be
attributed to the traumatic event [22].
The rather low response rate of 18% at household level

at T1 urges a careful interpretation of the reported
prevalence rates. Indeed some response contagion may
not be excluded. In addition, only 8.2% of the total study
population consisted of SHD showing large confidence
intervals. This suggests that other factors than the
exposure type play a role in disturbing mental health. A
larger number of participants would have been prefera-
ble to stabilize the estimates. The non-response could
have taken place at three levels: first of all, people may
not have been able to respond to the questionnaire
because of hospitalization or recovery, physical or emo-
tional. On the other hand, some may not have responded
to the questionnaire because they felt they were not in-
volved in the disaster or because they were disappointed
about the government’s management of the disaster or did
not feel concerned by this study.
Nevertheless, this group represents about one fourth

of the total number of victims that had been injured in
the disaster (23.5%, 31/132 injured victims participated).
Up till now, there is no systematic investigation of the
mental or physical health of the population after a disas-
ter in Belgium. If this was the case, the chances are high
that more victims would accept to participate in such an
investigation because there would not be the competi-
tion between various research teams. Furthermore, it is
acceptable that a clear official policy followed by a wide-
spread information campaign about the objectives of dis-
aster research would lead to a better response rate
among victims.
The previous discussion points might indicate that the

prevalence rate of PTSD in victims and their families is
underestimated. Due to organizational constraints of this
study, the families of the deceased victims could not be
contacted since their addresses have not been made
available and another study on the health consequences
of this disaster has been implemented in the burn injury
centers. Mental health disturbances might have been
more pronounced in this group.
The somatization disorder is not listed among the

classic responses to a disaster, however, non-diagnostic
“somatization”, “somatization symptoms”, and “somatic
symptoms” have been abundantly described in the litera-
ture [22]. This study used the SCL-90-R to assess people
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for somatic symptoms. The SCL-90-R has been the most
popular symptom scale in post disaster psychiatric
assessment [20]. The scale does not provide diagnostic
information, but identifies cases of somatization through
the establishment of cutoff points for caseness [23].
However, the adoption of symptom scales implies
methodological shortcomings when used in trauma re-
search. A first shortcoming of the SCL-90 is the con-
struct validity whereby it fails to differentiate “somatic”
symptoms (referring to any physical symptom/complaint
with any medical basis) from “somatoform” symptoms
(limited to physical symptoms without a medical basis).
Second, somatization symptoms scales are unable to
detect and correct for response sets and social desirability
[24,25]. Third, it has been found that the use of the SCL-
90-R in trauma research measures global distress and fails
to differentiate somatization from depression and anxiety
[26]. These shortcomings could not be corrected in this
study. Nevertheless, the 4 MHD’s are interwoven. For
example, anxiety can produce upset stomach, shortness
of breath, sleeping difficulty, poor concentration and
general agitation. Depression can also lead for example
to sleep disturbances and difficulty in performing daily
activities [27-30]. This is the reason why a co-morbidity
index was developed and looked at its evolution over
time.

Strengths of the study
A first strength of this study was the availability of a ref-
erence population, serving as a control group. The
adults older than 15 living in the province of Hainaut
were chosen as an unexposed reference population for
reasons of closest comparability with the study popula-
tion (Ghislenghien lies within this province). This prov-
ince took part in the 2001 Belgian National Health
Interview Survey. However, in spite of the use of the
SCL-90-R, people may have answered differently in the
aftermath of a disaster due to the social impact on the
public as a whole, inducing observation bias. For example
a lot of attention was given to the affected population in
the media. Yet, this aspect was taken into account when
collecting the second wave of data by distributing the 2nd
questionnaire 14 months after the disaster instead of
12 months, being a moment in time on which a lot of
attention was given in the media due to the one-year com-
memoration of the disaster.
This study identified a group being at particular risk

for adverse health effects and may help (psychosocial)
crisis managers to better tailor the resources to the
needs. The people directly involved who have seen
human damage (SHD) are most in need for help and
this help should be provided for a longer term period
as the prevalence of 4 MHD does not decrease over
14 months.
Conclusions
We believe that the present study is a valuable contribution
to the disaster research. The use of a reference population,
serving as an ad hoc control group, and the longitudinal de-
sign enabled a scientific measurement and description of
the health effects other than the classic PTSD symptoms or
symptom clusters in a cause-effect perspective. These
results also provided information for policy makers con-
cerning the type and duration of health effects in disaster-
affected adults and calls attention to the fact that mental
health problems are long-lasting among survivors who have
been witnessing human damage. We would like to advise
to re-evaluate the impact of the Ghislenghien disaster on
the longer term.
Consent
Written informed consent was obtained from the pa-
tient’s guardian/parent/next of kin for the publication of
the scientific results of the Ghislenghien study and any
accompanying figures, images or data.
This study was approved by the Ethical Board of the

Scientific Institute of Public Health (Brussels, Belgium).
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
EDS, EZ, AV and HVO participated equally as the core research team in the
conception and the design of the study, interpreted the results and drafted
the preliminary and the end reports for the Federal Public Service for Health,
Food Chain Safety and Environment. HVO was central in the acquisition of
funding and assured the general supervision of the core research team. EZ,
EDS and AV collaborated in the collection of the data. AV statistically
analyzed the data. EDS drafted the manuscript of this article and collected
relevant literature references. RK, OVDH and JM critically reviewed the
document for intellectual content and style, and have given final approval
for this version to be published.
Acknowledgments
The Federal Public Service for Health, Food Chain Safety and Environment
offered support for this longitudinal study on the health impact of the
Ghislenghien disaster on the affected population (Number: D/2006/2505/3).

Author details
1Department of Scientific and Technological Research, Royal Higher Institute
for Defense, Avenue de la Renaissance 30, B-1000 Brussels, Belgium. 2Vaccine
& Infectious Disease Institute (VAXINFECTIO), Faculty of Medicine and Health
Science, Laboratory of Medical Microbiology, University of Antwerp,
Universiteitsplein 1, B-2610 Antwerp, Belgium. 3Faculty of psychology and
educational sciences, Research Center for Health and Psychological
Development, Place du Cardinal Mercier, Université catholique de Louvain,
10, BE-1348 Louvain la Neuve, Belgium. 4Scientific Institute of Public Health,
Direction Public Health and Surveillance, J. Wytsmanstreet 14, B-1050
Brussels, Belgium. 5Department of Behavioral Sciences, Royal Military
Academy, Avenue de la Renaissance 30, B-1000 Brussels, Belgium. 6Faculty of
Social Sciences, Department of Clinical and Health Psychology, Utrecht
University, Utrecht, The Netherlands.

Received: 13 December 2013 Accepted: 3 February 2015



De Soir et al. Archives of Public Health  (2015) 73:20 Page 8 of 8
References
1. Versporten A, De Soir E, Zech E, Van Oyen H. A longitudinal study on the

Ghislenghien disaster in Belgium: strengths and weaknesses of the study
design and influence on response rate. ArchPublic Health. 2009;67(3):116–27.

2. Norris FH, Friedman MJ, Watson PJ, Byrne CM, Diaz E, Kaniasty K. 60,000
disaster victims speak: Part I. An empirical review of the empirical literature,
1981–2001. Psychiatry. 2002;65(3):207–39.

3. Galea S, Nandi A, Vlahov D. The epidemiology of post-traumatic stress
disorder after disasters. Epidemiol Rev. 2005;27:78–91.

4. Yzermans CJ, Gersons BPR. The chaotic aftermath of an airplane crash in
Amsterdam. In: Havenaar JM, Cwikel JC, Bromet EJ, editors. Toxic turmoil:
psychological and societal consequences of ecological disasters. New York:
Kluwer Academic/Plenum Publishers; 2002.

5. Grievink L, VanderVelden P¨, Yzermans CJ, Roorda J, Stellato RK. The
importance of estimating selection bias on prevalence estimates shortly
after disaster. AEP. 2006;16(10):782–6.

6. Dorn T, Yzermans CJ, Kerssens JJ, Spreeuwenberg PMM, Van der Zee J.
Disaster and subsequent healthcare utilization. A longitudinal studyamong
victims, their family, and control subjects. Med Care. 2006;44(6):581–9.

7. Bonanno GA, Galea S, Bucciarelli A, Vlahov D. Psychological resilience after
disaster: New York City in the aftermath of the September 11th terrorist
attack. Psychol Sci. 2006;17(3):181–6.

8. City Health Information - Volume 33 2014 - N 1:1–8. New York City Department
of Health and Mental Hygiene. http://www.nyc.gov/html/doh/downloads/pdf/
chi/chi-33-1.pdf

9. Van Den Berg B, Grievink L, Yzermans J, Lebret E. Medically unexplained
physical symptoms in the aftermath of disasters. Epidemiol Rev.
2005;27:92–106.

10. De Soir E, Zech E, Versporten A, Van Oyen H, Kleber R, Van der Hart O, et al.
Prédiction de l’ESPT lors d’une catastrophe technologique. Revue
Francophone du Stress et du Trauma. 2008;8:211–24.

11. Bayingana K., Demarest S., Gisle L., Hesse E., Miermans PJ., Tafforeau J. et al.
Enquête de Santé par Interview. In: Tableau de bord de la santé. Santé en
Hainaut, Belgique. 2006. D/2006/2505/3.http://www.hainaut.be/sante/osh/
medias_user/TBS2006_CH06_Consommation_de_soins.pdf

12. Norris FH, Friedman MJ, Watson PJ. 60,000 disaster victims speak: Part II.
Summary and implications of the disaster mental health research.
Psychiatry. 2002;65(3):240–60.

13. Derogatis LR. SCL-90-R: Administration, Scoring, and Procedures Manual, I,
for the Revised Version. Baltimore: John Hopkins University, Clinical
Psychometrics Research Unit; 1977.

14. American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders. 4th ed. Washington, DC: American Psychiatric Association
Press; 1994.

15. North CS, Kawasaki A, Spitznagel EL, Hong BA. The course of PTSD, major
depression, substance abuse, and somatization after a natural disaster.
J Nerv Ment Dis. 2004;192(12):823–9.

16. Shore JH, Tatum EL, Vollmer WM. Psychiatric reactions to disaster: the
Mount St. Helens experience. Am J Psychiatry. 1986;143(5):590–5.

17. Ursano RJ, Fullerton CS, Kao TC, Bhartiya VR. Longitudinal assessment of
posttraumatic stress disorder and depression after exposure to traumatic
death. J Nerv Ment Dis. 1995;183(1):36–42.

18. Gatchel RJ, Schaeffer MA, Baum A. A psychophysiological field study of
stress at Three Mile Island. Psychophysiology. 1985;22(2):175–81.

19. Norwood AE, Ursano RJ, Fullerton CS. Disaster psychiatry: principles and
practice. Psychiatr Q. 2000;71(3):207–26.

20. Lonigan CJ, Shannon MP, Taylor CM, Finch Jr AJ, Sallee FR. Children
exposed to disaster: II. Risk factors for the development of post-traumatic
symptomatology. J Am Acad Child Adolesc Psychiatry. 1994;33(1):94–105.

21. Baum A, Fleming I. Implications of psychological research on stress and
technological accidents. Am Psychol. 1993;48(6):665–72.

22. Morrow LA, Kamis H, Hodgson MJ. Psychiatric symptomatology in persons
with organic solvent exposure. J Consult Clin Psychol. 1993;61(1):171–4.

23. Bowler RM, Mergler D, Huel G, Cone JE. Psychological, psychosocial, and
psychophysiological sequelae in a community affected by a railroad
chemical disaster. J Trauma Stress. 1994;7(4):601–24.

24. North CS. Somatization in survivors of catastrophic trauma: a
methodological review. Environ Health Perspect. 2002;110 Suppl 4:637–40.

25. Derogatis LR. SCL-90-R. In: Kevser DJ, Sweetland RC, editors. Test Critiques
Compendium: Reviews of Major Tests from the Test Critiques Series. Kansas
City, MO: test Corporation of America; 1987.
26. Crowne DP, Marlowe D. A new scale of social desirability independent of
psychopathology. J Consult Psychol. 1960;24:349–54.

27. Kass F, Charles E, Klein DF, Cohen P. Discordance between the SCL-90 and
therapists’ psychopathology ratings. Arch Gen Psychiatry. 1983;40(4):389–93.

28. Brophy CJ, Norvell NK, Kiluk DJ. An examination of the factor structure and
convergent and discriminant validity of the SCL-90R in an outpatient clinic
population. J Pers Assess. 1988;52(2):334–40.

29. Kroenke K, Spitzer RL, Williams JB, Linzer M, DeGruy FV, Hahn SR, et al.
Physical symptoms in primary care. Predictors of psychiatric disorders and
functional impairment. Arch Fam Med. 1994;3(9):774–9.

30. Kroenke K. Patients presenting with somatic complaints: epidemiology,
psychiatric comorbidity and management. Int J Methods Psychiatr Res.
2003;12(1):34–43.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.nyc.gov/html/doh/downloads/pdf/chi/chi-33-1.pdf
http://www.nyc.gov/html/doh/downloads/pdf/chi/chi-33-1.pdf
http://www.hainaut.be/sante/osh/medias_user/TBS2006_CH06_Consommation_de_soins.pdf
http://www.hainaut.be/sante/osh/medias_user/TBS2006_CH06_Consommation_de_soins.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Procedures
	Study population
	Study design
	Reference population
	Exposure classification of victims
	Mental health assessment

	Data analysis

	Results
	Discussion
	Limitations of the study
	Strengths of the study

	Conclusions
	Consent

	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

