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Role of family susceptibility, occupational and family
histories and individuals' blood groups in the
development of silicosis*
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ABSTRACT A previous investigation has shown that family susceptibility and occupational and
family histories have a decisive role in the development of byssinosis among workers exposed to
flax dust. Results of investigation of silicosis in 814 male workers exposed to silica-bearing dust
showed that family susceptibility has an important role in the development of silicosis among exam-

ined workers, and workers whose fathers had an occupational history of exposure to silica-bearing
dust were more resistant to the development of the disease than those with non-exposed fathers.
The degree of consanguinity of parents and individuals' blood groups, also, have a role. Workers
with cousin parents were relatively highly susceptible to the development of silicosis as well as

workers with blood groups "O" or "AB." It has been concluded that the investigated factors might
have a role in the development of other occupational diseases and further investigations are indicated.

Individual susceptibility has been suggested as a
factor that may have a role in the development of
silicosis among workers exposed to silica dust. The
individual's idiosyncrasy and the immunological
reactivity of the subject are important factors in
determining the character and severity of reaction of
the subject to inhaled particles,' and susceptibility
may be inherited within the family. For example,
family susceptibility is known to have an impact on
the incidence of tuberculosis, gout, rheumatic fever,
diabetes mellitus, and epilepsy.23 A previous com-
munication4 has indicated that family susceptibility
has a role in the incidence of byssinosis among
workers exposed to flax dust.
Another factor known to affect the prevalence of

some diseases is the degree of parental consan-
guinity.5 In the Egyptian rural areas consanguineous
marriages are prevalent for historic, geographic, and
social reasons. This results in an extended family
pattern that has been reported to constitute 31 2% of
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rural families.6 The harmfulness of consanguineous
marriages rests on the increase of genetic effects
since it reactivates recessive hereditary factors.7 Rare
recessive diseases such as albinism, phenylketonuria,
amaurotic idiocy, ichthyosis congenita, congenital
total colour blindness, and xeroderma pigmentosa
show a pronounced increase among offspring of
consanguineous parents.8 On the other hand, the
incidence of erythroblastosis fetalis was reduced by
13 % as a result of cousin marriages.9
A factor that contributes to the reduced prevalence

of byssinosis is the father's history of exposure to
flax dust.4 Workers whose fathers had a history of
exposure to flax dust were relatively resistant to the
development of the disease. Within such groups
subjects whose fathers had had byssinosis were more
resistant to the development of the disease than
workers whose fathers had not.
The incidence of some diseases, especially those

with known hereditary factors, is also affected by the
distribution of the individuals' ABO blood groups.
For example, bronchiectasis, portal cirrhosis,'0
hypercholesterolaemia," coronary heart diseases,'2
carcinoma of the stomach,'3 and schizophrenia14
have been associated with group A. Chronic peptic
ulcer, especially duodenal,15 rheumatic heart, and
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bilharzial hepatic fibrosis16 17 have been associated
with group 0. Other diseases with a known inherited
tendency-for instance, hypertension-have no
significant difference in the ABO blood group
distribution.'8
The present study was intended to investigate the

role of family hereditary characteristics, con-
sanguinity, family occupational history, and the
ABO blood group distribution on the development of
silicosis among workers exposed to silica-bearing
dust. It was expected that data developed from this
investigation, together with those of the previous
investigation,4 would help to determine the role of
the investigated parameters on the development of
some occupational diseases.

Methodology

A group of 814 male workers exposed to silica-
bearing dust in a plant producing refractories
located in a village 70 km south of Cairo was
investigated. The plant has been in operation for
about 75 years, and workers belonging to different
generations from the same families of the village have
been employed in it ever since.
Each workers was interviewed for his social,

personal, familial, occupational, and past and

present medical histories and smoking habits, as well
as for the occupational and medical histories of his
father, grandfather, sons, and other relatives who
had been employed in the same plant, with emphasis
on the history of respiratory diseases, allergy, and
smoking. Workers were also questioned about the
degree of consanguinity of their parents. This was
followed by a medical examination and chest radio-
graphy. The interview and the medical examination
were conducted without knowledge of the results of
the examination of his relatives or fellow workers.
Workers of the same family were grouped together
and further interviewed to double check the degree
of consanguinity between the different members of
the family and their occupational history.

Silicosis was diagnosed among examined workers
according to UICC/Cincinnati classification.'9 The
blood group of each worker was obtained from his
identification card or from his personal record in the
plant or both.

Results

Table 1 illustrates the prevalence of silicosis among
some of the families included in the study. Families
with four or more workers employed in the plant and
exposed to dust are included in the same table. The

Table 1 Prevalence of silicosis in different families

Family No No of subjects Age (yr) Duration of exposure (yr) Silicotic subjects
exposed to silica (mean ± SD) (mean ± SD)
dust No %

1 8 37-1 7-6 12-0 2-8 0 0
2 5 44-0 18-6 20-3 9-9 0 0
3 4 36-5 6-3 14-7 3-6 0 0
4 5 38-0 7-3 17-2 4-0 0 0
5 5 48-1 15-5 21-1 12-6 0 0
6 8 33-4 6-6 14-9 8-7 0 0
7 4 43-2 ± 9-7 18-5 ± 9-9 0 0
8 5 33-9 12-1 16-3 7-2 1 20-0
9 4 30-8 5-5 11-7 8-2 1 25-0
10 4 43-7 12-6 18-1 12-2 1 25-0
11 5 36-9 8-4 15-3 6-9 2 40-0
12 5 48-2 11-3 17-5 5-7 2 40-0
13 5 40-2 7-2 13-4 6-3 2 40-0
14 7 35-3 4-7 14-9 8-7 3 42-9
15 7 48-0 9-9 17-8 10-1 3 42-9
16 4 33-7 11-6 12-2 5-6 2 50-0
17 4 30-3 4-2 12-3 2-1 2 50-0
18 4 46-2 22-21 11-8 ± 11-0 2 50-0
19 5 44-4 7-3 23-2 9-9 3 60-0
20 6 43-2 8-1 20-0 7-8 4 66-7
21 6 35-8 11-7 13-2 ± 5-9 4 66-7
22 6 41-7 7-3 19-5 ± 7-9 4 66-7
23 7 37-7 8-21 15-7 ± 7-3 5 71-4
24 4 44-5 12-7 21-4 9-2 3 75-0
25 4 33-7 5-1 13-0 3-7 3 75-0
26 4 33-8 6-8 9-8 4-7 3 75-0
27 5 35-8 ± 127 16-4 11-3 4 80-0
28 6 47-2 13-5 23-5 8-7 5 83-7
29 7 43-3 8-4 22-8 ± 15-0 6 85-7
30 8 47-1 5-4 22-8 8-5 7 87-5
31 4 47-0 14-8 23-0 11-3 4 100-0
32 6 47-3 + 8-4 28-4 15-2 6 100-0
33 4 42-5 10-7 17-6 10-6 4 100-0
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Table 2 Subjects with silicosis in some families

Family

1*

6

15

Subject

2

3

4
5

6

7
8

2
3
4
5
6
7
8
I
2
3
4
5
6
I

1
2
3
4
5

6
I
2
3
4

28

33

Position in family

Brother (a)
Brother (a)
Brother (b)
Brother (b)
Cousin
Cousin
Cousin
Cousin
Brother (a)
Brother (a)
Brother (a)
Cousin
Cousin
Cousin
Cousin
Cousin
Brother (a)
Brother (a)
Brother (b)
Brother (b)
Cousin
Cousin
Cousin
Cotusin
Cousin
Cousin
Cousin
Cousin
Cousin
Brother (a)
Brother (a)
Cousin
Cousin

Duration oj exposure SilicosisAge

38
37
46
45
40
39
27
25
50
43
30
45
40
38
36
33
40
35
32
30
40
40
A.

53
49
47
45
33
33
52
50
39
29

14
12
15
14
14
l l
7
9
34
12
4
19
12
12
13
13
19
16
15
14
18
1 2

16
40
32
31
25
4
5

33
16
13
9

4-

±1

+4

4+

*Family I (as an example) includes the sons of six fathers-(a), (b). and four other fathers-who are all brothers. Both fathers ta) and (b) have
two sons working in the plant and each of the other four fathers has only one son in the plant; all the sons of the different fathers are
cousins to each other.

members of some families (Nos 1-7) did not develop
silicosis despite their prolonged duration of exposure
to dust (mean 12-0-21 1 years). On the other hand,
all members of other families (31-33) had developed
silicosis (mean duration of exposure 17-6-28 4 years).
The prevalence of the disease varied among other
families to different extents. The mean age and
duration of exposure of several families were nearly
similar, while the prevalence of silicosis was drasti-
cally different-for example, families 1, 2, 4, and 5
versus families 22, 25, 27, and 33. In a few families-
for instance, family 26-the mean duration of
exposure was low (9-8 years) while the prevalence of
silicosis was high (75 %).

Table 2 presents examples of the data of some
selected families (1, 6, 15, 28, and 33). Silicosis did
not occur in any of the eight members of each of the
families I or 6, although their duration of exposure
varied from seven to 15 years and four to 34 years for
the two families respectively. On the other hand, five
out of the six members of family 28 and all members
of family 33 developed silicosis, although the
duration of exposure of some of their members was
as low as five years. All these families included
brothers and cousins. In other words, the members
4*

of some families were highly susceptible to develop-
ment of silicosis, while the members of other
families were resistant. Again, the importance of the
duration of exposure in the development of the
disease seems to be masked by the family suscepti-
bility among investigated workers. The significance
of this susceptibility was further tested and illustrated
(table 3). The brothers, cousins, and far relative
members in the different families were grouped into
pairs (older and younger) and classified as either

Table 3 Prevalence of silicosis among examined
workers versus their degree of consanguinity

Silicotic Free Total

Older brothers*
Younger* Silicotic 56 15 71
brothers Free 9 58 67

Total 65 73 138
Older cousins*

Younger* Silicotic 67 29 96
cousins Free 25 73 98

Total 92 102 194
Olderfar relatives

Younger far Silicotic 65 5 70
relatives Free 1 20 21

Total 66 25 91

*Marginal X2 not significant.
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Table 4 Mean age and duration of exposure of examined workers

Degree of No Age (yr) t p Duratiort of t p
consanguinity (mean ± SD) exposure (yr)

(mean ± SD)

Brothers Older 138 47-6 6-8 13-5700 <001 21-5 ± 8-2 7-5288 <001
Younger 138 35-4 8-1 148 ± 6-5

Cousins Older 194 48-9 X 53 21-8867 <0(01 22-7 ± 7-3 10-2520 <001
Younger 194 37-3 + 6-1 15-8 ± 59

Far relatives Older 91 48-1 ± 93 8-0503 <0 01 22-9 ±i 1-3 6-1578 <0 01
Younger 91 36-2 10-2 13-3 ± 9 7

silicotic or free. The figures in the table represent
these pairs. The cousins listed in the table represent
those whose parents are brothers. The significance of
the difference between the subgroups was tested
using the marginal x2 test. In many families there
were more than two brothers, cousins, or far
relatives, and so the middle one might be counted
once as an older subject and again as a younger

subject. Also, the same subject might be counted
once as brother or cousin, or both, and again as

cousin or far relative, or both, according to the
degree of consanguinity with the other family
member with whom he was matched. Comparisons
of age and duration of exposure of the older and
younger family members-that is, brothers, cousins,
or far relatives-are also presented in table 4.
Although the older family members were exposed to
silica-bearing dust for significantly longer durations
than the younger ones (table 4), the prevalence of
silicosis in both groups-that is, older and younger-
was not statistically different (table 3).

Table 5 presents the prevalence of silicosis among
examined workers in relation to the degree of
consanguinity of their parents. When the parents
were cousins, the sons were more susceptible to the
development of silicosis than if the parents were

either far relatives or not related. The prevalence of
silicosis in the first group was 52-9 %, which was

statistically higher than the 36-1 % and 400% of the
other two groups respectively. The prevalence rates
of the disease in the latter two groups were not
statistically different. The mean age and duration of
exposure and the ratio of the smokers were com-

parable among the three different groups.

Table 6 shows the prevalence of silicosis among

examined workers versus history of fathers' exposure

to silica-bearing dust. With the exception of the
group of workers with exposure duration of less than
10 years, the prevalence of silicosis was higher
between those with fathers who have had no history
of exposure than those with exposed fathers. The
difference was significant after exposure to dust for
periods longer than 20 years, where the difference
was further magnified with prolongation of the
duration of exposure. For the group of workers with
duration of exposure of less than 10 years, however,
the prevalence of silicosis was significantly lower
among workers with non-exposed fathers than in
those with exposed fathers. No significant differences
were observed in the mean age and percentage
smokers among examined workers in the matched
subgroups.

Table 7 illustrates the prevalence of silicosis among
examined workers relative to their blood groups.
Despite the close similarity in age, duration of
exposure, and the percentage smokers among
workers of different blood groups, the results suggest
that the outcome of exposure to silica dust was

somehow related to the workers' blood groups.
Workers with blood groups 0 or AB were the most
susceptible to the development of the disease, since
the prevalence of silicosis was 49.7% and 49.2% in
these two groups respectively. The prevalence of the
disease was less among workers with blood groups B
(43 2%) and was least among workers with blood
group A (36-2 %). Visual inspection of the data of the
individual families further supported this observa-
tion. Prevalence of silicosis was lower in families with
a predominant blood group A among their members
than in other families. The relatively few number of
members in the different families, however, did not
allow testing the association of blood groups and the

Table 5 Prevalence of silicosis among examined workers versus degree of consanguinity of their parents

Parents' No Age (yr) Duration of Smokers Silicotics
consanguinity examined (X ± SD) exposure (yr) (%)

(X ± SD) No %

Cousins 261 38 5 ± 9 9 15-6 ± 7-3 61-7 138 52-9a
Far relatives 83 38-5 ± 9 4 14-7 ± 7 0 68-7 30 36-1b
No relation 470 39 9 ± 9-9 16 6 ± 6-9 73-8 188 40.0b

.bAIl percentages for a given class of parent's consanguinity without common superscript differ significantly at p < 0 05.
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Table 6 Prevalence of silicosis among examined workers versus exposure history offathers to silica-bearing dust

Duration of Father exposeda Father not exposedb
exposure (yr)

No Age (yr) Smokers Silicosis No Age (yr) Smokers Silicosis
examined (mean ± SD) (%) examined (mean ± SD) (%)

No % No %

<10 28 27-9 + 50 714 14 500 71 32-8 i 100 67-7 20* 28-2
10- 137 36-1 ± 67 70-8 52 400 339 39-1 7-7 78-2 158 44-6
20- 45 46-2 6-4 71-1 10 22-2 108 46-1 7-3 66-7 52t 48-1

>30 20 499 6-8 650 6 300 66 525 i 65 71-2 44t 66-7
Total 230 40-0 ± 99 70 4 82 35 7 584 42-6 8-3 74 0 274t 46-9

*b lower than a p 0 05.
tb higher than a p 0 01.

Table 7 Prevalence of silicosis among examined workers versus their blood groups

Blood group No examined Age (yr) Duration of Smokers Silicotics
(mean ± SD) exposure (yr) (%)

(mean ± SD) No %

O 296 39 5 ± 100 15 9 7-3 67-2 147 49 7a
A 268 39 4 ± 101 16-2 ± 70 80-0 97 36.2b
B 185 37-6 10-2 16-0 7-2 72-4 80 43 2a,b
AB 65 41-5 8-6 16-9 6-2 72-3 32 49.2a,b

a,bAll percentages for a given class of parent's consanguinity without common superscript differ significantly at p < 0 05.

development of silicosis in these families.

Discussion

The finding of silicosis in some families and not in
others (table 1) suggests that there may be an

inherited factor of resistance or susceptibility.
Within each family this factor was so decisive in the
development of the disease that it overshadowed the
effect of duration of exposure to the dust (table 2).
For example, there was no significant difference in
the prevalence of the disease between older and
younger brothers, cousins, and even far relatives
(table 3) despite the significant difference in age and
duration of exposure between older and younger

family members (table 4). Little is known about
family susceptibility to disease,2 and the influence of
family genetics on the occurrence of silicosis has
been little explored.' A survey of many fluorspar
miners and their families in Sardinia, however,
showed evidence that family genetics might have
determined a predisposition for some people to
develop silicosis and for others to resist it.20 Further-
more, family susceptibility may have a role in the
incidence of some respiratory diseases-for instance,
tuberculosis.2
The degree of consanguinity of parents has also

been shown, in the present investigation, to deter-
mine the predisposition to the occurrence of silicosis.
Present data showed that the highest prevalence of
silicosis was observed among sons whose parents
were cousins. This close consanguinity probably
rendered the sons more susceptible to the disease than
when the parents were far relatives or not related

(table 5). Previous reports have indicated that con-
sanguineous marriages give a chance for the reces-
sive characters that are pathological to be homo-
zygous and express themselves.2'
Another factor shown in the present study to

contribute to resistance to silicosis is the father's
history of exposure to silica dust. Workers whose
fathers had a history of exposure to silica dust were
more resistant to the development of the disease than
those whose fathers had no such history, despite the
similarity of the duration of exposure to dust and
smoking habits between both groups (table 6).
Many fathers had a history of exposure to dust
before their marriage. For example, the means of the
average age at the beginning of exposure among
many of the examined families (1, 4, 6, 8, 9, 14, 17, 25,
27, 29, 32, 33) were below 21 (table 1). The
"apparently" lower prevalence of silicosis among
workers with fathers with no history of exposure to
silica-bearing dust than those from fathers with a
history of exposure (less than 10 years) (table 6)
might be because some of the workers in the first
group who develop respiratory ailments leave the
work and change their jobs, while fewer workers in
the latter group would do so because of their family
ties with their occupation. It may thus be concluded
that the father's exposure to silica dust bears some
relation to the tolerance of their sons to such
exposure and may, consequently, increase their
resistance to development of silicosis. This observa-
tion supports the similar observation noted among
workers exposed to flax dust.4
The blood group of exposed workers seems to be

associated with the development of silicosis. The
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prevalence of the disease was higher in workers with
blood group 0 or AB than in those with blood group
B and least in workers with blood group A. Among
the many disorders reported to be affected by the
individual's blood group, however, bronchiectasis has
been reported to be associated with group A.10 No
further data could be obtained from published
reports.
Thus it may be concluded from the results of this

and our previous study4 that family susceptibility and
occupational and family histories may have an
important role in the development of occupational
diseases in general. Also the fathers' occupational
exposure may increase the tolerance of their sons to
such exposure. Further studies are necessary, how-
ever, to elucidate this apparent tolerance, as well as the
role of individuals' blood groups in the develop-
ment of silicosis and other occupational diseases.
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