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Serial measurements of fractional exhaled nitric oxide at
home and at work: A useful tool for monitoring workers
with platinum salt allergy after exposure reduction
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In a recent publication, we have shown that serial FeNO measure-

ments off and at work provide complementary information for the

diagnosis of occupational asthma (OA).1 This result prompted us to

assess whether this method is particularly suitable for tertiary preven-

tion, that is, to monitor workers in platinum (Pt) industry with diag-

nosed OA to Pt salts after exposure reduction.

Pt salt allergy is a major health problem in precious metals refiner-

ies and catalyst productions. Skin prick test with Pt salts (SPTPt) is a

useful tool for early detection of Pt salt sensitization.2 Medical

surveillance programs have a long tradition in these industries,

and it is known that immediate removal from exposure after SPTPt

conversion from negative to positive results in an excellent prog-

nosis and reversion of positive SPTPt to negative.3 Whereas a

large number of sensitized workers are transferred from their

workplace where they acquired allergy (“high exposure”; air con-
centrations of soluble Pt greater than about 200 ng/m3) to areas

within the plants with at most negligible exposure (“very low

exposure”; air concentrations of soluble Pt below 20 ng/m3) or

leave the company (“no exposure”), it is common practice to

perform other preventive measures, for example, working with an

airstream helmet or transfer especially highly qualified operators

to adjacent departments (“low exposure,” air concentrations of

soluble Pt about 20-200 ng/m3).4

The exact exposures in “(very) low-exposure” areas are unknown;

the above-mentioned exposure ranges were provided by industry. In

addition, so far no data are available on a tolerable Pt air concentra-

tion for sensitized workers.

A sensitive and objective method could allow to monitor the

effects of persistent low occupational allergen exposure. It is known

that increased levels of fractional exhaled nitric oxide (FeNO) repre-

sent a marker of eosinophilic airway inflammation which is a feature

of OA.5,6 In a recent study, serial FeNO measurements in subjects

with suspected OA, but a negative result in specific inhalation chal-

lenge (SIC) resulted in about a quarter of cases in significant FeNO

increases at work providing complementary information for the diag-

nosis of OA.1 Therefore, the aim of the present study was to examine

whether serial FeNO measurements are also suitable for monitoring

workers with known OA after interventions.

The study was approved by the ethic's committee of the Ruhr Uni-

versity, Bochum. Workers were referred to our institute by the plant

physician of one single precious metals refinery and catalyst production.

In this plant, yearly examinations including SPTPt were performed.

A pilot study was performed in three workers with Pt salt allergy who

had been transferred to “very low-exposure” areas (subjects D and E in

Table 1; very-low-exposure areas in this study were defined as work-

places within the plant that were not in the vicinity of high exposure

areas, and all available air concentrations of soluble Pt were measured

below 20 ng/m3) or to “low-exposure” areas (subject A in Table 1).

After the successful pilot study workers with a new diagnosis of

Pt salt allergy (which was made by our institute) were transferred pro-

spectively from 2014 onwards as soon as possible to “low-exposure”
areas. These workers were offered to participate in this study which

included serial daily FeNO measurements for 2 weeks at home and at

work as described in detail earlier.1 Workers who agreed to
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TABLE 1 Characteristics, symptoms, and test results of subjects with a diagnosis of occupational asthma due to platinum at the time of serial
FeNO measurements which was performed after exposure reduction (intervention)

Subject Kind of Intervention

Time since

Intervention
(month) Symptoms Age Sex Smoking

Total
IgE (kU/L) Atopy SPTPt

a FEV1% pred FEV1/FVC BHR

A Transfer to “low” 77 R, C, A 57 m Ex 15.8 neg. neg.b 113.6 79.8% pos.

B Transfer to “low” 2 R, C, A, skin 20 f 7/day 74.0 neg. 10�4 105.7 89.4% pos.

C “airstream-helmet” 6 R 49 m Never 122.0 pos. 10�4 115.2 81.0% neg.

D Transfer to “very low” 45 None 45 m Ex 62.8 neg. 10�3 91.1 81.4% neg.

E Transfer to “very low” 12 None 29 m 10/day 121.0 neg. 10�3 96.2 84.4% pos.

Abbreviations: A, asthmatic symptoms; BHR, bronchial hyperresponsiveness; C, conjunctivitis; FEV1, forced expiratory volume in 1 second; FVC, forced

vital capacity; R, rhinitis; SIC, specific inhalation challenge (with platinum); SPTPt, skin prick test with platinum salt.
aIf SPT pos.: lowest Pt concentration (g/ml) inducing wheal diameter ≥4 mm is mentioned.
bSPT conversion from pos. to neg, occurred 65 month after intervention.

F IGURE 1 Serial daily
measurements of FeNO in five
subjects with diagnosed allergy
due to Pt salts at work (gray
areas) and off work after
interventions. The interventions
are marked below each figure
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participate were taught how to perform the FeNO measurements

with a portable device (NioxMino, Aerocrine, Solna, Sweden) which

they had to perform for 2 weeks once daily about 1 hour after work

or at about the same time during periods off work.

During the prospective study, 10 workers showed SPTPt conver-

sion. In eight of these subjects, FeNO was measured before and

24 hours after SICPt. With the exception of one smoker in whom

FeNO was not measurable before and after SICPt (<5 ppm), there

was an increase in FeNO after SICPt (ΔFeNO median: 36 ppb

[9-127 ppb]). One subject had to be hospitalized after an asthma

attack at work and was excluded. Only two of nine eligible workers

agreed to participate. Thus, in total, five subjects completed the

study protocol. The subjects were told to use inhaled short-acting

beta agonists (SABA) on demand, but no further asthma medication.

Actually, only two subjects used SABA during the study period (sub-

jects A and B, Figure 1).

Three of the five subjects reported ongoing work-related symp-

toms after the intervention (two workers had been transferred into

“low-exposure” areas and one worker was equipped with an airstream

helmet; Table 1). In accordance with this, these subjects exhibited

work-congruent differences in serial FeNO (Figure 1A-C). In particular,

subjects A and C needed approximately 14 days until the FeNO

level—which was elevated from the previous work period—decreased

to normal. In all three cases, the grouped FeNO values were signifi-

cantly higher at work than during periods off work (data not shown),

indicating an ongoing exposure to Pt salts at the workplace. There-

fore, further interventions (exposure cessation) were recommended

to the three workers. In contrast to this, both workers who had been

transferred to “very-low-exposure” areas and who reported a disap-

pearance of symptoms after intervention showed no higher FeNO

values at than off work (Figure 1D,E).

There is a weak epidemiological evidence that ongoing tasks in

low-exposure areas cannot be advocated as an alternative to the ces-

sation of exposure.7 In line with this, only the two subjects who had

been transferred to “very-low-exposure” areas showed no symptoms

and no increases in FeNO. Due to the fact that all three subjects with

ongoing symptoms after exposure reduction showed significant FeNO

increases at work, serial FeNO measurements seem to be a particu-

larly suitable objective tool to monitor subjects with OA after inter-

ventions at work. In particular, the fact that subject A became

negative in SPTPt 4 years after transfer to “low”-exposure area, but

still showed symptoms and increased FeNO levels at the workplace,

indicates high sensitivity of the method.

Limitations of the study are the small number of participants,

the inter- and intraindividual variation of FeNO values and the fact

that FeNO measurements in current smokers are still under debate

as the cigarette smoke itself may influence the results. With regard

to the last two points; however, it must be kept in mind that per-

forming serial FeNO measurements allows each subject to act as

his/her own control. The high number of subjects who did not

agree to participate may be explained by the paucity of symptoms

during the early stages of Pt salt allergy in these workers and the

fear of social disadvantages and income loss.

Although only five subjects agreed to participate, this study sug-

gests that transfer to “low-exposure” areas or intensified respiratory

protection are actually not an option. This view is strengthened by the

case of a worker who had to be hospitalized after an asthma attack at

his workplace after transferal to a “low-exposure” area. In contrast,

transfer to “very-low exposure”, that is, to areas outside the metal

refining building, was associated with cessation of work-related symp-

toms and a lack of FeNO increases in both workers.

In conclusion, serial measurements of FeNO off and at work rep-

resent an obviously sensitive, and, unlike the declaration of symptoms,

an objective tool to assess the efficacy of tertiary prevention mea-

sures in workers with Pt salt allergy.
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