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AbsTrACT
Objectives Occupational exposures to metal fumes 
have been associated with increased pneumonia risk, but 
the risk of invasive pneumococcal disease (iPD) has not 
been characterised previously.
Methods We studied 4438 cases aged 20–65 from 
a swedish registry of invasive infection caused by 
Streptococcus pneumoniae. The case index date was 
the date the infection was diagnosed. six controls 
for each case, matched for gender, age and region of 
residency, were selected from the swedish population 
registry. each control was assigned the index date of 
their corresponding case to define the study observation 
period. We linked cases and controls to the swedish 
registries for socioeconomic status (ses), occupational 
history and hospital discharge. We applied a job–
exposure matrix to characterise occupational exposures. 
We used conditional logistic analyses, adjusted for 
comorbidities and ses, to estimate the Or of iPD and 
the subgroup pneumonia–iPD, associated with selected 
occupations and exposures in the year preceding the 
index date.
results Welders manifested increased risk of iPD (Or 
2.99, 95% ci 2.09 to 4.30). Occupational exposures 
to fumes and silica dust were associated with elevated 
odds of iPD (Or 1.11, 95% ci 1.01 to 1.21 and Or 1.33, 
95% ci 1.11 to 1.58, respectively). risk associated with 
iPD with pneumonia followed a similar pattern with the 
highest occupational odds observed among welders and 
among silica dust exposed.
Conclusion Work specifically as a welder, but also 
occupational exposures more broadly, increase the odds 
for iPD. Welders, and potentially others with relevant 
exposures, should be offered pneumococcal vaccination.

InTrOduCTIOn
In 1994, a British study reported increased risk of 
fatal lobar pneumonia among welders.1 Increased 
mortality risk was restricted to men of working age; 
in the over 65 age group, there was no increased 
mortality. In additional studies, the same research 
group later confirmed increased risk of lobar pneu-
monia in welders, as well as observing a similar 
phenomenon in other occupations with possible 
exposure to metal fumes, such as foundry workers. 
The observed risk was highest following fume 
exposure that had occurred in the year preceding 
disease onset.2 3 A large cohort study of construc-
tion workers in Sweden also found an increased 
risk of lobar pneumonia in men of working age 
occupationally exposed to metal fumes or inorganic 

dust.4 A recent comprehensive review summarised 
additional studies identifying an increased risk of 
pneumonia (although not specified as lobar) among 
workers occupationally exposed to ‘inorganic dusts’ 
which may include metal particulates.5

Streptococcus pneumoniae, an encapsulated 
Gram- positive diplococcus, causes a wide spectrum 
of human disease, ranging from sinusitis and otitis 
media to more severe pathologies, in particular 
lobar pneumonia.6 7 Lobar pneumonia and other 
serious infections from this organism typically are 
characterised by invasive pneumococcal disease 
(IPD), defined as pneumococcal bacterial growth 
cultured from a normally sterile site such as blood, 
cerebrospinal fluid or joint fluid. Exposure to irri-
tants such as direct and secondhand tobacco smoke 
independently increase the risk of pneumonia 
caused by S. pneumoniae, as do ethanol abuse and 
certain comorbidities.8

Whether occupational exposure to metal fumes 
or fumes more broadly defined increase the risk 
for IPD warrants further investigation. A single 
study from Alberta, Canada, addressed this ques-
tion using a provincial disease registry comprising 
863 working- age patients with IPD.9 Using census 
data to define population at risk, the incidence of 

Key messages

What is already known about this subject?
 ► Occupational exposures to metal fumes have 
been associated with increased pneumonia risk.

What are the new findings?
 ► This population- based case–control study 
provides evidence that work as a welder as 
well as occupational exposure to fumes more 
broadly and to silica dust confer increased risk 
for invasive pneumococcal disease, supporting 
and clarifying relationships observed in relation 
to pneumonia generally but not defined 
previously by invasive pneumococcal disease.

How might this impact on policy or clinical 
practice in the foreseeable future?

 ► Workers exposed to fumes, especially metal 
fumes, may be at increased risk for invasive 
pneumococcal disease. Strategies for risk 
reduction should be considered, including 
targeted pneumococcal vaccination for workers 
being exposed.
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IPD was assessed for four occupations: welders, farmers, elec-
tricians and daycare workers. In that analysis, which was unad-
justed, only welders manifested statistically significant increased 
odds of IPD (OR 2.7, 95% CI 1.7 to 4.2). In a descriptive study 
of working patients with IPD using the same registry, construc-
tion workers were over- represented compared with the general 
Alberta population, 25.3% (n=147) versus 11.0%. Of note, 
welders accounted for 36% of the construction workers.10

We hypothesised that welders, as well as other occupations 
with potential metal fume exposures, are at increased risk of 
IPD, especially IPD with underlying pneumonia. Second, we 
also hypothesised that occupational exposures to fumes more 
broadly defined and inorganic dust may increase the risk of IPD.

MATerIAls And MeTHOds
Ascertainment of cases
Since 1 July 2004, IPD cases have been included in the manda-
tory reporting scheme of communicable diseases in Sweden. This 
mandatory reporting applies to laboratories which reports to a 
central database, SmiNet. The reports from the laboratories are 
generated automatically, based on types of specimens (normally 
sterile specimens, eg, blood) and isolation of pneumococci, 
and sent automatically to the central database. The mandatory 
inclusion of all laboratories and the automated reporting of 
data ensures nearly complete coverage of incident cases in the 
Swedish population.

We defined cases with IPD as those reported through the 
Swedish reporting system as detailed above. Results from urine 
antigen tests were not considered to define a case. Case eligibility 
was limited to those aged 20 to 65 years (ie, of working age). We 
limited this analysis to cases reported from 1 July 2006 through 
31 December 2014. We extracted data for Swedish personal 
identity number, type of sample (blood, joint fluid etc) and the 
date (index date) when the sample was obtained.

Ascertainment of controls
Controls without IPD were randomly selected from the Swedish 
National Population Registry. We selected six living controls 
for each case, matched for gender, age (case year of birth) and 
region of residency (four urban areas and three rural areas). We 
assigned each control the index date of their corresponding case 
to define the study observation period.

Matching with national registries
We used the Swedish National Hospital Discharge Registry to 
identify the following comorbid conditions based on ICD-10 
coding present at any time within the 5 years preceding the index 
date: chronic obstructive pulmonary disease (COPD) (J43–J44), 
asthma (J45) and diabetes mellitus (E10–E14). We also used this 
registry to identify hospitalisation for any pneumonia (J10–J18), 
including any hospital stay that at least included the index date 
±7 days.

We extracted information from the Swedish national socio-
economic database (Longitudinal integration database for health 
insurance and labour market studies, LISA) on the highest 
educational level obtained, categorised as pre- high school (up 
to 9 years), high school or university examination. We used this 
as a surrogate for socioeconomic status (SES). From LISA, we 
also obtained information about the occupation held as of 1 
November of the year preceding the index date for both cases 
and controls.

We defined ethanol abuse as either hospitalisation for alcohol 
abuse disorder (ICD-10 F10) or prescriptions dispensed for 

drugs used in the treatment of alcohol dependence (from the 
Swedish Prescribed Drug Registry) at any time within 5 years 
before index date. From the same registry, we also extracted 
information about pneumococcal vaccinations at any time within 
5 years before index date. The exact drug code that we used is 
listed in online supplementary material table A.

Classification of occupational exposures
The occupation the year preceding the index date, considered as 
the current occupation, was classified at four- digit level according 
to ISCO-88.11 To assess occupational exposures, we both consid-
ered specific occupations of inherent risk of metal fume exposure 
and used a previously published Nordic job–exposure matrix, 
N- JEM, to assign exposure risks more broadly.12 This JEM was 
originally developed and validated based on information from 
large Swedish population studies in randomly selected subjects 
aged 25 to 74 years.12

For this analysis, all occupations in the JEM were re- assessed 
by two senior occupational hygienists as being occupationally 
exposed or not to fumes, inorganic dust including silica dust, 
silica dust, vapour and gas, and organic dust. Fumes were 
defined as smoke from various combustion processes, such as 
welding, fires and from tobacco smoke. Vapour and gas was 
defined as substances in aerosol or gas phase. In the JEM, occu-
pations can be classified as exposed to more than one of these 
categories of agents. The exposure assessments for the JEM were 
further reviewed by three specialists in occupational medicine 
and adjudicated until consensus was achieved. An exposed occu-
pation was defined based on the assumption that at least half 
of the subjects with these specific codes should have a strong 
probability of being exposed to the critical agents. In addition, 
all exposures originally were graded into low and high (or no 
exposure). All expert assessments were carried out blind to case 
status.

In addition to the separate categories, we also merged all expo-
sures into an ‘any exposure’ versus none as another exposure 
metric. Occupations (ISCO codes) classified as high exposed in 
each subgroup in the JEM are presented in online supplementary 
material tables B–F.

statistical methods
The unique personal identity number given to all Swedish citi-
zens allowed for linkage among all registries used in this study. 
Based on these linkages, we identified a ‘pneumonia’ subset of 
IPD cases with a hospitalisation or death with any ICD-10 bacte-
rial pneumonia code (J10 through J18). Hence, two main disease 
outcomes were defined: IPD and, as a subset of the former, IPD 
with pneumonia. In an additional analysis, we also analysed IPD 
without pneumonia as an outcome.

We used conditional logistic regression to calculate OR of IPD 
or IPD with pneumonia associated with selected occupations and 
also based on JEM- defined exposures across all occupations. We 
selected a priori four occupations that we considered character-
ised by exposure to metal fumes: welders, foundry workers, steel 
mill workers and blacksmiths. We also merged these four occu-
pations to the group categorised as metalworkers. We initially 
performed unadjusted models (although with referents matched 
for age, gender and region of residence, as noted). We performed 
additional analyses including the following covariates: comorbid 
conditions (COPD, asthma and diabetes, based on hospitalisa-
tion within 5 years of the index date), SES (educational level 
defined dichotomously as university graduate vs less education) 
and ethanol abuse. All models with multiple JEM classifications 
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Table 1 Characteristics of cases with invasive pneumococcal disease (IPD) and matched controls from the general population of Sweden

All IPd (n=4438)
Controls
(n=21 080)

IPd with pneumonia
(n=3143)

Controls
(n=14 979)

Men 52.9% 53.1% 54.0% 54.3%

Age, years (SD) 51.5 (11.5) 50.9 (11.2) 51.2 (11.5) 50.7 (11.3)

Completed university 31.9% 37.2% 31.0% 37.3%

Chronic obstructive pulmonary disease 4.8% 0.5% 5.5% 0.4%

Bronchial asthma 6.8% 2.0% 7.5% 2.0%

Diabetes mellitus 9.8% 1.5% 10.0% 1.5%

Ethanol abuse 3.7% 0.9% 3.8% 1.0%

Pneumococcal vaccination 0.2% <0.1% 0.1% <0.1%

Occupations

  Welders and flame- cutters 1.1% 0.4% 1.4% 0.5%

  Foundry workers 0.1% <0.1% <0.1% <0.1%

  Steel mill workers 0.4% 0.4% 0.5% 0.3%

  Blacksmiths 0.4% 0.2% 0.5% 0.2%

  All metalworkers* 2.1% 1.0% 2.4% 1.1%

Occupational exposures based on job–exposure matrix

  Fumes 18.8% 16.6% 19.4% 16.5%

  All inorganic dust 23.1% 19.7% 23.4% 19.8%

  Silica dust 4.7% 3.2% 4.6% 3.2%

  Vapours and gases 21.7% 20.1% 22.0% 20.1%

  Organic dust 8.2% 8.3% 7.8% 8.4%

  Any exposure† 39.8% 36.0% 40.4% 36.2%

*A merger of welders (and flame- cutters), foundry workers, steel mill workers and blacksmiths.
†All five job–exposure matrix categories combined.

Table 2 Logistic regression models of risks of invasive pneumococcal 
disease (IPD) and IPD with pneumonia in relation to work as welder, 
foundry worker, steel mill worker or blacksmith the year preceding the 
index date (onset of IPD)

Occupation

All IPd (n=4438)
IPd with pneumonia 
(n=3143)

Or 95% Or 95% 

Welder (n=136)

  Simple model* 2.8 1.97 to 3.99 3.09 2.12 to 4.51

  Adjusted model† 2.99 2.09 to 4.30 3.28 2.22 to 4.84

Foundry worker (n=6)‡ NA NA NA NA

Steel mill worker (n=98)

  Simple model* 1.16 0.70 to 1.92 1.44 0.80 to 2.57

  Adjusted model† 1.1 0.65 to 1.86 1.43 0.78 to 2.60

Blacksmiths (n=69)

  Simple model* 1.93 1.14 to 3.27 2.12 1.16 to 3.87

  Adjusted model† 1.96 1.13 to 3.39 2.22 1.89 to 4.16

All metalworkers (n=309)

  Simple model* 2.1 1.58 to 2.77 2.41 1.76 to 3.29

  Adjusted model† 2.12 1.58 to 2.83 2.48 1.80 to 3.43

*Matched for gender, age and place of residency.
†1+adjusted for educational level (university graduate vs other), chronic obstructive 
pulmonary disease, asthma, diabetes and ethanol abuse.
‡Not analysed due to too few cases; three foundry workers and three controls.
NA, not applicable.

exposures were adjusted for the all other exposures. The models 
including the JEM- based ‘Any exposure’ category were not 
adjusted for other occupational exposures. We repeated all main 
models in gender- stratified analyses. We also performed addi-
tional JEM- based analyses excluding those workers in the occu-
pational category ‘metalworkers’. We also performed analyses 
restricted to persons >50 years up to 65 years of age.

We calculated the attributable fraction (AF) within selected 
occupations and categories of JEM exposures as OR−1/OR.13 
CIs (95%) were calculated using exact methods. All analyses 
were performed using SAS V.9.4 M5 (SAS Institute, Cary, NC, 
USA).

resulTs
We initially identified 6565 IPD cases and 39 390 matched 
controls. We excluded cases who did not have a current occu-
pation and controls matched to an excluded case or a control 
who also had no current occupation. After these exclusions, 
there were 4438 eligible IPD cases and 21 080 matched refer-
ents. Among the IPD cases, 3143 (70.8%) were diagnosed with 
concomitant pneumonia while 1295 (29.2%) did not have this 
concurrent diagnosis. Demographics, comorbid conditions, 
occupational exposures and pneumococcal vaccination rates 
(notably low in both cases and controls) are shown in table 1.

Table 2 shows the estimated ORs for IPD and IPD with pneu-
monia associated with the a priori selected occupations involving 
metal fume exposure. In adjusted models, welders (including 
flame- cutters) manifested increased odds of both IPD (OR 
2.99, 95% CI 2.09 to 4.30) and IPD with pneumonia (OR 3.28, 
95% CI 2.22 to 4.84). Two of the specific occupations were asso-
ciated with elevated point estimates of IPD and IPD with pneu-
monia tested, but only for blacksmiths did the 95% CI exclude 
1.0. When combined together, metal fume–exposed occupations 
were associated with more than doubled odds for both IPD and 

IPD with pneumonia (OR 2.12, 95% CI 1.58 to 2.83 and OR 
2.48, 95% CI 1.80 to 3.43, respectively). The AF of IPD among 
welders was 0.67 (95% CI 0.52 to 0.77), and for IPD with pneu-
monia it was 0.70 (95% CI 0.55 to 0.79). The AF among all four 
metalworking trades combined was 0.53 (95% CI 0.37 to 0.65), 
and for IPD with pneumonia it was 0.60 (95% CI 0.44 to 0.71).
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Table 3 Logistic regression models of invasive pneumococcal disease (IPD) risk and IPD with pneumonia in relation to occupational exposure to 
vapours and gases, inorganic dust, silica dust, fumes, silica dust and organic dust during the year preceding the index date (onset of IPD)

Occupational exposures

IPd

All IPd
(n=4438)

IPd with pneumonia
(n=3143)

n Or 95% n Or 95% 

Fumes

  Any exposure 836 1.11 1.01 to 1.21 611 1.17 1.06 to 1.30

   Low* 780 1.07 0.97 to 1.17 560 1.1 0.98 to 1.23

   High* 56 2.4 1.72 to 3.36 51 2.71 1.89 to 3.89

Inorganic dust

  Any exposure* 1024 1.1 0.99 to 1.21 735 1.26 1.14 to 1.39

   Low* 990 1.09 0.98 to 1.20 710 1.08 0.96 to 1.22

   High* 34 1.46 0.96 to 2.21 25 1.51 0.93 to 2.44

Silica dust

  Any exposure* 208 1.33 1.11 to 1.58 144 1.33 1.08 to 1.64

   Low* 186 1.3 1.08 to 1.56 128 1.32 1.05 to 1.65

   High* 22 1.55 0.93 to 2.57 16 1.41 0.78 to 2.54

Vapours and gases

  Any exposure* 963 0.96 0.87 to 1.06 693 1.07 0.97 to 1.18

   Low* 886 0.92 0.83 to 1.02 628 0.91 0.80 to 1.03

   High* 77 1.93 1.44 to 2.57 65 2.19 1.59 to 3.03

Organic dust

  Any exposure* 362 0.93 0.81 to 1.05 246 0.92 0.80 to 1.06

   Low* 347 0.92 0.81 to 1.05 237 0.85 0.73 to 1.00

   High* 15 1.12 0.60 to 2.09 9 1.02 0.47 to 2.21

Any exposure† 1765 1.09 1.01 to 1.18 1269 1.08 0.99 to 1.19

The exposure is defined by job–exposure matrix.
*Matched for gender, age and place of residency, and adjusted for educational level, ethanol abuse, and diagnoses of chronic obstructive pulmonary disease (COPD), asthma and 
diabetes and any other occupational exposures.
†Matched for gender, age and place of residency, and adjusted for educational level, ethanol abuse, and diagnoses of COPD, asthma and diabetes.

Table 4 Logistic regression models of invasive pneumococcal disease (IPD) risk among men and women in relation to occupational exposure to 
vapours and gases, inorganic dust, silica dust, fumes, silica dust and organic dust during the year preceding the index date (onset of IPD)

Occupational exposures

IPd

All IPd (n=4438) IPd with pneumonia (n=3143)

Men (n=2347) Women (n=2091) Men (n=1698) Women (n=1445)

Or 95% Or 95% Or 95% Or 95% 

Fumes 1.16 1.03 to 1.31 1.08 0.93 to 1.25 1.22 1.06 to 1.41 1.09 0.91 to 1.30

(n=465) (n=371) (n=345) (n=266)

Inorganic dust 1.13 1.00 to 1.27 0.98 0.81 to 1.19 1.16 1.00 to 1.33 0.92 0.72 to 1.16

(n=794) (n=230) (n=575) (n=160)

Silica dust 1.33 1.10 to 1.61 1.27 0.81 to 2.00 1.33 1.06 to 1.67 1.3 0.73 to 2.32

(n=174) (n=34) (n=121) (n=23)

Vapours and gases 0.99 0.87 to 1.12 0.91 0.76 to 1.08 0.99 0.85 to 1.14 0.91 0.74 to 1.12

(n=660) (n=303) (n=476) (n=217)

Organic dust 0.92 0.80 to 1.07 0.93 0.70 to 1.24 0.86 0.72 to 1.02 0.88 0.62 to 1.25

(n=298) (n=64) (n=204) (n=42)

The exposure is defined by job–exposure matrix. The models are matched for age and residency and adjusted for educational level, ethanol abuse, and diagnoses of chronic 
obstructive pulmonary disease, asthma and diabetes and any other occupational exposures.

Occupational exposure to fumes defined more broadly by 
JEM (table 3) was associated with increased odds of IPD (OR 
1.11, 95% CI 1.01 to 1.21) and for IPD with pneumonia (OR 
1.17, 95% CI 1.06 to 1.30). Moreover, fume also demonstrated 
a step- up in effect, with high JEM exposure associated with a 
more than doubling of the odds for IPD and IPD with pneu-
monia (OR 2.40, 95% CI 1.72 to 3.36 and OR 2.71, 95% CI 
1.89 to 3.89, respectively).

Only one other JEM category of exposure, that of silica, 
exhibited a similar pattern of statistically increased risk of IPD 
and IPD with pneumonia and a step- up in statistically signifi-
cant risk with high exposure (table 3). Merging all JEM- defined 
occupational exposures together into an ‘any exposure’ cate-
gory yielded minimally increased odds for both IPD (OR 1.09, 
95% CI 1.01 to 1.37) and for IPD with pneumonia (OR 1.08, 
95% CI 0.99 to 1.18).
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Table 5 Logistic regression models for invasive pneumococcal disease (IPD) risk and IPD with pneumonia in relation to occupation and to 
occupational exposure defined by job–exposure matrix restricted to cases and controls 50–65 years of age

Occupational exposures

IPd

All IPd
(n=2679)

IPd with pneumonia
(n=1855)

n Or 95% n Or 95% 

Welder* 27 3.79 2.27 to 6.32 24 3.87 2.23 to 6.72

Foundry worker 2 NA NA 1 NA NA

Steel mill worker* 12 0.92 0.83 to 1.02 9 1.47 0.66 to 3.24

Blacksmith* 11 1.93 1.44 to 2.57 8 2.94 1.25 to 6.99

All metalworkers* 52 2.34 1.64 to 3.32 42 2.77 1.87 to 4.10

Fumes†           

  All 491 1.04 0.89 to 1.21 352 1.08 0.91 to 1.30

   Low 459 0.98 0.84 to 1.14 323 1.00 0.84 to 1.21

   High 32 3.13 1.95 to 5.04 29 3.29 1.98 to 5.47

Inorganic dust†           

  All 621 1.14 0.97 to 1.33 443 1.16 0.96 to 1.40

   Low 601 1.12 0.96 to 1.31 428 1.14 0.95 to 1.38

   High 20 1.77 0.99 to 3.15 15 1.83 0.95 to 3.52

Silica dust†           

  All 123 1.41 1.11 to 1.78 84 1.46 1.10 to 1.94

   Low 112 1.37 1.07 to 1.73 75 1.43 1.05 to 1.93

   High 11 1.81 0.86 to 3.81 9 1.79 0.78 to 4.11

Vapours and gases†           

  All 579 0.96 0.82 to 1.12 419 1.02 0.85 to 1.22

   Low 535 0.91 0.78 to 1.06 383 0.95 0.79 to 1.15

   High 44 2.38 1.58 to 3.57 36 2.65 1.67 to 4.18

Organic dust† 224 0.93 0.79 to 1.10 156 0.93 0.76 to 1.14

  All 215 0.93 0.78 to 1.10 150 0.92 0.74 to 1.13

   Low 9 1.21 0.50 to 2.94 6 1.57 0.55 to 4.48

   High           

Any exposure‡ 1061 1.13 1.02 to 1.24 752 1.12 1.00 to 1.27

*Matched for gender, age and place of residency and adjusted for educational level, chronic obstructive pulmonary disease (COPD), asthma, diabetes and ethanol abuse.
†Matched for gender, age and place of residency, and adjusted for educational level, ethanol abuse, and diagnoses of COPD, asthma and diabetes and other occupational 
exposures.
‡Matched for gender, age and place of residency, and adjusted for educational level, ethanol abuse, and diagnosis of COPD, asthma and diabetes.
NA, not applicable.

Stratified by gender, exposure to fumes, inorganic dust and 
silica remained statistically associated with IPD and IPD with 
pneumonia among men, while the risk was attenuated and no 
longer statistically significant among women (table 4).

For IPD without pneumonia (n=1295), there was no clear 
relation of exposure to fumes or for any other of the JEM- 
based exposure categories (online supplementary material 
table G).

We also performed an additional analysis excluding all 
metalworkers (online supplementary material table H). In 
that analysis, occupational exposure to fumes was no longer 
statistically associated with IPD or IPD with pneumonia. 
Occupational exposure to silica dust remained associated with 
increased risk for IPD (OR 1.35, 95% CI 1.12 to 1.61) and for 
IPD with pneumonia (OR 1.33, 95% CI 1.07 to 1.66).

When restricting the analyses to persons older than 50 years, 
the results were similar, as compared with the results from the 
whole study population, although some risk estimates were 
somewhat higher (table 5). Welders (including flame- cutters) 
showed increased odds of both IPD (OR 3.79, 95% CI 2.22 
to 6.32) and IPD with pneumonia (OR 3.87, 95% CI 2.23 to 
6.72).

dIsCussIOn
This case–control study provides new and powerful population- 
based evidence supporting the contention that occupational 
exposure to metal fumes defined by selected occupations is a 
potent risk factor for pneumonia. By defining this as a microbi-
ologically confirmed severe disease, either as IPD or IPD with 
pneumonia, our study also sharpens the focus of this associa-
tion. The estimated odds of disease take into account age, sex 
and geographical matching and are robust after adjustment for 
comorbid conditions, including airway disease and ethanolism. 
These findings extend previous observations by showing that 
severe infection, defined by IPD rather than simply broadly 
characterised community- acquired pneumonia, is an outcome 
of concern. We also found elevated odds of IPD associated 
with other categories of JEM- defined exposures beyond fumes, 
especially exposure to silica dust, although less consistently so, 
suggesting that other inhalants also may be potential risk factors 
for pneumococcal infection in working- age adults.

A major strength of our study is that we have been able to 
use national registry data with broad capture to assess the 
outcomes of interest: IPD and IPD with pneumonia. The registry 
we used provides a highly valid measure of disease, although 
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we acknowledge that all cases of IPD may not be captured. In 
general, Swedish patient registers have high quality in effective 
case detection and classification.14 Another strength of our study 
is that we also used random controls from the same national 
population. Furthermore, we were able to consider a number 
of key potential confounders using Swedish registry data. 
These include both level of education (as a proxy for SES) and 
comorbidities that may modify pneumonia risk. Comorbidities 
included ethanolism (using a composite variable comprising 
ICD-10 coded ethanol abuse disorder or use of drugs treating 
alcohol dependence, mainly disulfiram aversion therapy), 
diabetes, asthma and COPD. The latter is also a marker, in part, 
for cumulative cigarette smoking. A possible limit is the lack 
of data on immunocompromising conditions beyond diabetes. 
The prevalence of such conditions, however, is relatively low in 
the general population.15 Further, it is very unlikely that those 
with immunocompromise were more selectively employed in 
at- risk occupations rather than to have been among the controls. 
Although ascertainment bias is always a theoretical concern, as 
noted above, the registry source is likely to be reliable and with 
minimal ascertainment bias imparting substantive bias.

Another notable weakness of our analysis is the lack of direct 
data on smoking habits, in particular current tobacco use. Active 
current smoking has been associated with an increased risk for 
IPD, with as high as a fivefold increased risk among current 
smokers.8 16 In Sweden, the prevalence of current smoking in the 
age group 50 to 65 is approximately 17%,17 making smoking a 
potential confounder sufficiently common to explain the asso-
ciations that we observed, if compared with others, current 
smokers were substantially more likely than never- smokers to 
work in metal fume–exposed occupations. Of note, however, 
in addition to COPD as noted previously, we also adjusted for 
educational level which is known to be linked to smoking status 
in northern Europe, as well as in Sweden.18 Nonetheless, residual 
confounding due to smoking cannot be excluded.

The occupational exposures, as well, were based on registry 
data (ie, occupational titles) and formed basis for inferred expo-
sure. Therefore, exposure was not assessed, case by case, either 
through interview or through industrial hygiene assessment of 
workplaces. Job titles were further transformed to capture expo-
sure likelihood both by job categories that clearly entailed metal-
work and through application of an established JEM. The JEM 
we used was based on exposure assessments from the 1980s and 
1990s, and several experienced occupational hygienists were 
involved in the development of this JEM.12 We only considered 
occupational exposure based on employment the year before the 
disease onset. This was predicated on the assumption that recent 
exposure is more important than cumulative exposure as a risk 
factor for IPD.2 Hence, the study population was restricted to 
the age range 20 to 65 years of age. A limitation of the JEM, 
however, is that it does not have a category that is exclusive to 
metal fumes. To the extent that the JEM misclassifies exposure, 
it would likely bias towards the null and would not explain the 
associations that we did observe.

Our results strongly support the hypothesis that exposure to 
fumes, especially metal fumes, is associated with increased risk 
of pneumococcal infection. In the additional analysis, where 
all potentially metal fume–exposed occupations were excluded 
from the analysis, only exposure to silica dust remained signifi-
cantly increased. This further supports that the increased risks 
for fumes and vapours and gases are driven by exposure to 
metal fumes. In addition to the other epidemiological evidence 
cited previously,1–4 other clinical data are also relevant to this 
question. A case series from Norway reported three lethal 

cases of pneumonia with septicaemia.19 Two of the cases were 
shipyard welders and the third was a helper in a workshop for 
heavy trucks, occasionally assisting welders. Nine cases (four 
confirmed and five probable) of invasive pneumococcal disease 
were described at a shipyard in Northern Ireland.20 All were 
men 20 to 50 years of age and isolation of S. pneumoniae sero-
types 3 and 4 was confirmed. Three of them were welders and 
the others had occupations described as potentially involving 
exposure to welding fumes. A case series from Sweden reported 
four cases of pneumonia and confirmed isolation of S. pneu-
moniae.21 The workplace was a large construction site and two 
workers were grinding, one was an electrician and a fourth was 
a welder.

Beyond metal fumes, our JEM analysis suggests that expo-
sure to silica dust, adjusted for other exposures and potential 
confounders, may be an independent risk factor for IPD, and 
especially IPD with pneumonia although the estimated odds for 
high exposure were not statistically significant. Previous studies 
have noted an increased risk of pneumonia among workers 
exposed to inorganic dust.4 22 We are not aware of any study 
specifically implicating silica dust as a risk factor for IPD or IPD 
with pneumonia.

The results also indicate that it is especially IPD with pneu-
monia that is the main outcome at risk, as IPD without pneu-
monia did not show any increased risk estimates. The mechanism 
for metal fumes and potentially other occupational inhalants to 
increase the risk of IPD and IPD with pneumonia is not estab-
lished. Inhalation of metal fumes, inorganic and silica dust may 
suppress alveolar macrophages, causing impaired pulmonary 
clearance of pathogens and impaired host defence in the respi-
ratory tract.23–25 It has also been shown that ultrafine particles 
present in welding fumes increase the adherence of S. pneumo-
niae to the respiratory epithelium.26 Iron particulates present in 
welding and other metal fumes may facilitate infections by acting 
as a virulence factor for certain siderophilic micro- organisms, 
especially S. pneumoniae.23 26

The seminal 1994 British publication was accompanied by 
an editorial concluding that lobar pneumonia should be clas-
sified as an occupational disease in welders.1 27 We can now 
extend this statement to also include IPD, which also should be 
regarded as an occupational disease among welders. Given that 
the attributable fraction is greater than 0.5 among welders and, 
indeed, among all four of the metal fume–exposed occupations 
we considered, this means that in any such worker with IPD, it 
is more likely than not that the condition can be attributed to 
work- related exposure.

In Sweden, at the time of the present study, pneumococcal 
vaccination was recommended for all persons over 65 years, but 
only for certain other risk groups at a younger age.28 Our data 
(table 1) show that the prevalence of vaccination in the popula-
tion we studied was very low. Importantly, the findings of this 
study support the suggestion that work as welder or in other 
occupations with heavy metal fume exposure may be an indica-
tion for pneumococcal vaccination. This intervention has been 
debated in the UK, but has not been instituted.29 The first line of 
prevention, however, has to be reduction of workplace exposure 
to welding fumes and other metal fumes, as well as gases and 
inorganic dusts.

In conclusion, we found that selected jobs involving metal 
fume exposure carried increased odds for invasive pneumo-
coccal infection, as well as invasive pneumococcal infection with 
concomitant pneumonia. These results support interventions to 
reduce these exposures and to provide pneumococcal vaccina-
tion to such workers.
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