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Objective   This study assessed the short-term associations between in-vehicle ultrafine particles (UFP) and black 
carbon (BC) concentrations and irritation symptoms and lung parameters of taxi drivers, pre- and post-lockdown.
Methods   As part of PUF-TAXI project, 33 taxi drivers were followed up during two typical working days. In-
vehicle UFP and BC were continuously measured by monitoring instruments. Irritation symptoms during the 
working day were reported via an auto-questionnaire and lung function was assessed by a portable spirometer, 
pre- and post- work shift. Generalized estimating equations, adjusted for potential confounders, were used to 
study the association between air pollutants and health outcomes. Effect modification by measurement period 
(pre- and post-lockdown) was investigated.
Results   UFP and BC concentrations inside taxi vehicles decreased significantly post- compared to pre-lockdown. 
Incidence of nose irritation was positively associated with in-vehicle UFP and BC levels pre-lockdown, when 
pollutant levels were higher, whereas no significant association was found post-lockdown. The decrease in the 
FEF25–75% (forced expiratory flow at 25–75% of the forced vital capacity) during the working day was significantly 
associated with in-taxi UFP levels before but not after lockdown. No association was found with BC. By contrast, 
incidence of eye irritation was significantly inversely associated with in-vehicle humidity, regardless of pollutant 
concentrations and the measurement period.
Conclusions   Our findings indicate that an upgrade in in-vehicle air quality could improve respiratory health. 
This study showed that the magnitude of the incidence of nasal irritation and decrease in lung function depends 
on UFP concentrations the commuters are exposed to.
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During the current coronavirus disease (COVID-19) 
pandemic (1), national lockdown was imposed by many 
governments to prevent the spread of the virus. This 
intervention led to a substantial decrease in human 
activities and thus in anthropogenic emissions (2, 3). 
As a result, a remarkable decrease in outdoor air pol-
lutant concentrations [nitrogen dioxide (NO2), carbon 
monoxide (CO), sulfur dioxide (SO2), particulate matter 
(PM2.5, PM10)] was observed (4–7). Hachem et al (8) 
also reported a significant (31–32%) reduction in ultra-
fine particle (UFP, <100 nanometers) and black carbon 
(BC) concentrations inside taxi vehicles after the first 
lockdown in the Paris area. This was mainly due to the 
decrease in traffic flow following the restrictions imple-
mented during COVID-19 lockdown (8).

Short-term health effects of exposure to fine particu-
late pollutants (PM2.5 and PM10) have been extensively 
documented (9–11). However, less is known about the 
adverse health effects of UFP and BC (12). Hachem et al 
(13) found that an increase in interquartile range (IQR) 
of in-taxi UFP (20×103 particles/cm3) and BC (1.75 
µg/m3) was significantly associated with an increase 
in incident nasal irritation. Moreover, in-taxi UFP was 
associated with a decrease in the forced expiratory vol-
ume in one second (FEV1, the volume of air exhaled in 
the first second under force after a maximal inhalation), 
in the forced vital capacity (FVC, the total volume of 
air that can be exhaled during a maximal forced expira-
tion effort) and in the forced expiratory flow at 25–75% 
of the FVC (FEF25–75%) (13, 14). Lammers et al (15) 
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reported that a short-term exposure (5 hours) to UFP 
near a major airport in Amsterdam was associated with 
a decrease in FVC among healthy subjects (15). Further-
more, a significant association between 24-hour expo-
sure to BC and a decrease in FVC was observed among 
schoolchildren with persistent respiratory symptoms. 
However, no such association was found with 24-hour 
UFP exposure (16). Although recent studies suggested 
short-term respiratory health effects of UFP and BC, 
evidence is still inconclusive due to the heterogeneity 
across studies regarding methods: study design and 
exposure/health assessment (17–19).

To address this gap in knowledge, we took advan-
tage of the implementation of the first lockdown in the 
Paris area (from 17 March to 11 May 2020) to inves-
tigate whether the association between air pollutant 
concentrations and respiratory effects changed pre- and 
post-lockdown. In this respect, the PUF-TAXI project 
(Particules Ultrafines - TAXI), a repeated measurement 
study (2019–2020) aiming to (i) measure in-taxi traffic-
related air pollutants (TRAP) (20) and (ii) evaluate the 
impact of this in-vehicle TRAP exposure on Parisian taxi 
drivers’ respiratory health (13), has provided a unique 
opportunity to address this issue. Hence, the aim of 
this study was to evaluate the short-term associations 
between in-vehicle UFP and BC concentrations and 
irritation symptoms and lung function, in the pre- and 
post-lockdown periods.

Methods

Study design and population

The present study was carried out among 33 Parisian 
taxi drivers who participated in the PUF-TAXI study 
during two working days: one before the lockdown 
(from 14vFebruary to 12 December in 2019; excluding 
July and August) and one after the COVID-19 pandemic 
lockdown (from 2 July to 9 December 2020) (supple-
mentary material, www.sjweh.fi/article/4089, figure S1 
and table S1). Some restrictions remained after lock-
down such as teleworking and curfew to 21:00 hours. 
The inclusion and exclusion criteria were described else-
where (13). On the sampling days, UFP and BC were 
measured inside taxi vehicles with no restrictions given 
to the drivers (ventilation settings, vehicle speed, areas 
covered by trips, opening/closing windows). Along-
side the exposure assessment, taxi drivers reported the 
occurrence of irritation symptoms before and during 
the working days and respiratory lung parameters were 
measured pre- and post-work shifts. Each subject acted 
as his own control.

Health assessment

An occupational physician conducted a standardized 
physical examination of taxi drivers at Hôtel-Dieu Hos-
pital (Paris, France) to evaluate their general health. The 
taxi drivers’ weight and height were noted, and a skin 
prick test (SPT) was performed. The participants also 
filled out a questionnaire on their sociodemographic 
characteristics (age, sex); smoking status (smokers/
ex-smokers/never smokers); comorbidities (respiratory 
and allergic diseases, hypertension, diabetes, etc.); and 
their work characteristics (job tenure, working hours 
per day, etc.).

After the medical consultation, the drivers partici-
pated in the field study on two working days. On the 
sampling days, taxi drivers underwent a spirometry 
test according to the European Respiratory Society and 
the American Thoracic Society guidelines (21), pre- 
and post- the work shift. The following lung function 
parameters were measured: FEV1, FVC and FEF25–75%. 
Participants also reported the occurrence and the sever-
ity of eye and nose irritations before and during the 
working days. Details regarding the health assessment 
are presented in Hachem et al (13).

Exposure assessment

On sampling days, each taxi driver was equipped with 
a Diffusion Size Classifier Miniature (DiSCmini®; 
Wohlen, Switzerland, and commercialized by Testo SE 
& Co. KGaA, Titisee-Neustadt, Germany) and a micro-
Aeth® Model AE51 (AethLabs, San Francisco, Califor-
nia, USA) – linked to a GPS – to continuously monitor 
in-vehicle UFP and BC concentrations respectively on 
a 1-minute timebase. Temperature, humidity, and CO2 
levels were measured by CP11® (Michel Instruments, 
Lyon, France). The measurement devices were placed 
inside a carry case on the shelf under the rear window 
of the vehicles (supplementary figure S2).

The taxi drivers self-reported characteristics of each 
trip (duration, the time when windows were open, the 
activation of air conditioning and air recirculation, and 
smoking inside the vehicle). Furthermore, the Atmo 
index from Airparif website (www.airparif.asso.fr) 
was used to estimate the global ambient air quality. The 
Atmo index – from 1 (very good) to 10 (very bad) – is 
based on four air pollutant levels: SO2, NO2, ozone (O3) 
and PM10. For each of these pollutants, a sub-index is 
calculated, and the daily Atmo index is equal to the 
highest. Data from the Paris Data Platform (opendata.
paris.fr) was used to calculate average traffic flow for 
24 hours during each working day.

Details of the exposure assessment protocol and the 
instrument calibration have been published previously 
(20) and are presented in the supplementary material.

https://www.sjweh.fi/article/4089
http://www.airparif.asso.fr
http://opendata.paris.fr
http://opendata.paris.fr
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Statistical analysis

In-vehicle pollutant concentrations, measurement cam-
paign characteristics, irritation symptoms (nose, eye), 
and lung function parameters (FEV1, FVC, FEF25–75%) 
of the taxi drivers pre- and post-lockdown were com-
pared using the paired sample T-tests/Wilcoxon tests or 
McNemar’s paired sample test according to the type of 
variables and their distributions.

Since measurements were repeated (pre- and post-
lockdown), the associations of in-vehicle UFP and BC 
exposure with (i) the incidence of irritation symptoms 
and (ii) the changes in lung function parameters (FEV1, 
FVC, FEF25–75%), during the working day, were assessed 
using generalized estimating equations (GEE) logistic 
and linear regressions, respectively. The dependent 
variables for each measurement period (pre- and post-
lockdown) were defined as follows (i): an “incident irri-
tation” is having nasal/eye problems during the working 
day or becoming worse compared to the start of the day 
(the symptom intensity scale during the working day > 
the symptom intensity scale at the start of the working 
day); and (ii) a “change in a lung function parameter” 
is the percent difference in the parameter at the end of 
the measurement day compared to the beginning of the 
day. All models were adjusted for relevant variables: age 
(years), body mass index (kg/m2), respiratory/allergic 
diseases (asthma or eczema or allergic rhinitis or a posi-
tive skin prick test), ambient temperature (°C), outdoor 
air quality (Atmo index), trip duration, in-taxi tempera-
ture (%) and/or humidity (%), time of air conditioning 
activation relative to trip duration (%). The selection of 
the covariates was based on the literature, the directed 
acyclic graph (DAG) built using DAGitty version 3.0 
(22) and on the bivariate analysis.

Results were expressed as adjusted odds ratios 
(ORadj) for the logistic regressions and as adjusted beta 
coefficient (βadj) for the linear regression models with 
their 95% confidence intervals (CI).

Using an alpha of 0.15, multiplicative interactions  
were tested to explore potential modification effect 
by the period measurement (pre- and post-lockdown). 
When interactions were significant, we conducted a 
stratified analysis.

Results

Supplementary table S2 shows the baseline characteris-
tics of the participants.

Change in working conditions

After lockdown, while some restrictions remained such 

as teleworking and a curfew of 21:00 hours, the working 
conditions of taxi drivers changed. A significant decrease 
in traffic flow occurred (P<0.0001, Wilcoxon test for 
paired sample) and taxi drivers made shorter trips both 
in time (P=0.001, paired T-test) and distance (P=0.004, 
Wilcoxon test for paired sample). They opened their cab 
windows more frequently to meet the French Ministry 
of Employment, Labor, and Social Inclusion's recom-
mendations (P=0.039) (supplementary table S3).

Change in UFP and BC concentrations inside taxis

In-taxi UFP concentrations decreased significantly post-
lockdown (median: 29.2×103 versus 16.9×103 particles/
cm3) as well as in-taxi BC levels (median: 3.1 versus 
2.2 µg/m3) (figure 1).

Change in the associations between in-taxi UFP and BC 
concentrations and the incidence of irritation pre- and 
post-lockdown

Overall, the incidence of nose irritation was significantly 
associated with in-taxi UFP concentration (ORad 1.13 
(95% CI 1.01‒1.25); P=0.03) and tended to be related 
to in-taxi BC concentration (ORadj 2.13 (95% CI 0.89‒ 
5.04); P=0.08). However, these associations appeared 
to be modified by the measurement period (interac-
tion P≤0.15) (figure 2). The incidence of nose irrita-
tion was positively associated with UFP concentration 
inside taxi vehicles before lockdown [ORadj=1.17 (95% 
CI 1.01‒1.35); P=0.03], whereas no association was 
found after lockdown [ORadj=0.86 (95% CI 0.63‒1.19); 
P=0.380]. The incidence of nose irritation and in-taxi 
BC concentration followed the same trend but did not 
reach the statistical significance (figure 2).

Figure 1. Distribution of ultrafine particles (UFP) and black carbon (BC) 
inside Parisian taxi vehicles pre- and post-lockdown, in the PUF-TAXI study
In each box, the thick middle line with the X symbol, top and bottom repre-
sent the median value, upper and lower quartile (75th and 25th percentile), 
respectively. In each box, the thick middle line with the X symbol, top and 
bottom represent the median value, upper and lower quartile (75th and 25th 
percentile), respectively. [BC= black carbon ; UFP=ultrafine particles]. ** P ≤ 
0.01 (Wilcoxon test for paired sample); *** P ≤ 0.001 (paired T-test).



370	 Scand J Work Environ Health 2023, vol 49, no 6

COVID restrictions and taxi drivers’ exposure and respiratory health

There was no association between the incidence of 
eye irritation and in-taxi particle concentrations. Nev-
ertheless, the incidence of eye irritation appeared to be 
negatively associated with in-taxi humidity regardless of 
the measurement period (pre- or post-lockdown) (table 1).

Changes in the associations between in-taxi UFP and BC 
concentrations and the relative change in lung function 
parameters

No association was observed between in-taxi particle 
concentrations and changes in lung parameters during 
the working day (table 2). However, the association of 
in-taxi UFP and the change in FEF25–75% tended to be 
significant [βadj 0.46 (95% CI-0.93‒0.01); P=0.054] 
and differed according to the measurement period (P 
for interaction <0.15). Indeed, during the pre-lockdown 
period a 1% decrease in FEF25–75% pre- and post-working 
shift was significantly associated with each 103 particles/
cm3 increase in UFP inside taxi vehicles. No such asso-
ciation was found in the post-lockdown period (figure 3).

Discussion

Key results

This study adds new knowledge about the occupational 
exposure and health among taxi drivers, an understud-
ied occupational group. The improvement in air quality 

inside vehicles, following the restrictions adopted during 
lockdown, changed the associations between in-vehicle 
pollutants and the respiratory health of taxi drivers. The 
incidence of nose irritation was positively associated 
with in-vehicle UFP and BC levels before lockdown, 
when pollutant levels were higher, whereas no signifi-
cant association was found post-lockdown. Regarding 

Figure 2. Associations between in-taxi (1) UFP (x103 particles/cm3) and 
(2) BC (µg/m3) concentrations and the incidence of nose irritation, in the 
PUF-TAXI study. [BC=black carbon; GEE=generalized estimating equations; 
UFP=ultrafine particles]. The odd ratios adjusted in models 1 & 2 were cal-
culated for 1000 particles/cm3 increase in UFP and 1 μg/m³ increase in BC, 
respectively. Models in A were adjusted for the measurement period (before 
versus after the 1st lockdown), ambient temperature (°C), outdoor air quality 
(Atmo index), trip duration, in-taxis temperature (%), time of air conditioning 
activation relative to the trip duration (%). Models in B were adjusted for the 
same variables as A except for the stratification variable (pre- versus post-
lockdown). An incident nose irritation is defined as having nasal problems 
(sneezing, stuffy or runny nose, itchy nose) during the working day or getting 
worse compared to the start of the day (the symptom intensity scale during 
the working day > the symptom intensity scale at the start of the working 
day). a Interaction by the measurement period (pre- versus post-lockdown).

Table 1. Associations between in-taxi UFP (×103 pt/cm3) and BC (μg/
m3) concentrations and the incidence of eye irritation in the PUF-TAXI 
project. [BC=black carbon; CI=confidence interval; ORadj=adjusted 
odds ratio; UFP=ultrafine particles]

Eye irritation a Generalized estimating 
equations

ORadj b (95% CI)

Model 1 UFP (×103 pt/cm3) 1.08 (0.96‒1.20)
In-taxi relative humidity (%) 0.73 (0.57‒0.93) c

Model 2 BC (μg/m³) 1.51 (0.43‒5.30)
In-taxi relative humidity (%) 0.79 (0.65‒0.95) c

a  Eye problems (redness, watery or itchy eyes) during the working day or get-
ting worse as the day progresses (the symptom intensity scale during the 
working day > the symptom intensity scale at the start of the working day).

b  Odd ratios in models 1 & 2 were calculated for 1000 particles/cm3 increase 
of UFP and 1 μg/m³ increase of BC, respectively. Models in A were adjusted 
for the measurement period (pre- vs post-lockdown), body mass index (kg/
m2), outdoor air quality (Atmo index), trip duration, temperature inside taxi 
vehicles (°C). 

c P≤0.05.

Table 2. Associations between the relative change in FVC, FEV1 and 
FEF25-75 and in-taxi UFP and BC concentrations measured throughout 
the working day, in the PUF-TAXI project. The continuous outcomes 
(difference in percentage between lung function parameters at the 
end and the beginning of the first measurement day compared to 
the measurement at the beginning of the day) were modeled using 
the generalized estimating equation. Adjusted beta coefficients (ßadj) 
were calculated for 1000 particles/cm3 increase in average of UFP and 
1 μg/m³ increase in average of BC, respectively.  [BC=black carbon; 
CI=confidence interval; FEV1= forced expiratory volume in one second; 
FEF25-75=forced expiratory flow at 25–75% of the FVC; FVC=forced vital 
capacity; UFP=ultrafine particles]

Dependent 
variable 

Predictors Generalized estimating  
equations

ßadj (95% CI) P for interaction a

Δ FVC (%) Model 1b 
UFP (×103 pt/cm3) 0.07 (-0.08‒0.22) 0.787
Model 2b

BC (μg/m³) 1.43 (0.003‒2.85) 0.744
Δ FEV1 (%) Model 1b

UFP (×103 pt/cm3) - 0.05 (-0.22‒0.11) 0.654
Model 2b

BC (μg/m³) 0.23 (-1.34‒1.79) 0.612
Δ FEF25-75 (%) Model 1b

UFP (×103 pt/cm3) - 0.46 (-0.93‒0.01) 0.143
Model 2b

BC (μg/m³) -2.49 (-6.99‒2.02) 0.117
a Interaction by the measurement period (pre- vs post-lockdown).
b Adjusted for age (years), body mass index, having respiratory/allergic dis-

eases (asthma or eczema or allergic rhinitis or a positive skin prick test), the 
measurement period (pre- vs post-lockdown), ambient temperature (°C), 
outdoor air quality (Atmo index), trip duration and temperature inside taxi 
vehicles (°C).
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restrictions implemented during COVID-19 lockdown 
(23–25). The reduction of in-vehicle UFP was also due 
to the variation of ventilation settings (8) as opening/
closing windows and activating air recirculation are 
known determinants of in-vehicle UFP (12, 20, 26–28).

Association between respiratory health and in-vehicle 
pollutants

Our findings show that the occurrence of nasal irritation 
in the overall sample during working days was signifi-
cantly associated with in-vehicle UFP and BC concen-
trations while taking into account the repeated measure-
ments. This result is consistent with our previous study, 
where an increase in the IQR of in-taxi UFP (20×103 
particles/cm3) and BC (1.75 µg/m3) was significantly 
associated with an increase in the incidence of nasal irri-
tation [ORadj 8.32 (95% CI 1.31‒52.6); ORadj 7.97 (95% 
CI 1.11‒57.03)] during the working day, respectively 
(13). Interestingly, our results suggest that this relation-
ship was modified by the measurement period (pre- and 
post-lockdown). This association remains significant 
for UFP, while BC tended to be significant before but 
not after the lockdown. One possible explanation is 
that the relatively low concentrations of in-vehicle UFP 
(17 versus 29×103 particles/cm3; P<0.01) and BC (2.2 
versus 3.2 µg/m3; P<0.001) post- compared to pre-
lockdown were not sufficient to lead to nasal irritation. 
These results are in favor of dose–response relation-
ships between in-vehicle short-term exposure to UFP 
and BC and nasal symptom. This supports a threshold 
hypothesis, where the threshold could be above 20×103 
particles/cm3 of UFP. Indeed, we should note when in-
vehicle UFP were 13–21×103 particles/cm3, no signifi-
cant association was found with incident nasal irritation. 
However, the occurrence of nasal irritation in relation 
with in-vehicle UFP exposure was significant when UFP 
concentrations were 15–37×103 particles/cm3. In addi-
tion, it has been found that when Australian participants 
commuted by bicycle using a route with low proximity 
to traffic, they were less exposed to UFP (19.1 versus 
29.5×103 particles/cm3; P≤0.001) and reported less nasal 
irritation mean 1.5 (SD 0.3) versus mean 1.9 (SD 0.2); 
P=0.007) compared to when they commuted using a 
route with higher proximity to traffic (29). Regarding 
BC, Guilbert et al (30) evaluated individual exposure 
to BC during four consecutive days and the respiratory 
health of 48 green space workers in Belgium. They 
found no significant association between BC levels and 
the reported respiratory symptoms, which is consistent 
with our results (30).

Moreover, the relationship between particle pollut-
ants and nasal irritation could also be explained by their 
ability to deposit in the respiratory tract according to 
their physical properties (UFP <100 nm and BC com-

Figure 3. Associations between the relative change in FEF25-75 (forced expira-
tory flow at 25-75% of the forced vital capacity) and in-taxi ultrafine particles 
(UFP) concentration measured throughout the working day in the whole 
sample (A) and according to (B) the measurement period, in the PUF-TAXI 
project.  ßa=adjusted coefficient; GEE=generalized estimating equations].
The continuous outcome was the difference in percentage between FEF25-75% 
measured at the end and the beginning of the first measurement day com-
pared to the measurement at the beginning of the day). In A, the outcome 
was modeled using the GEE and in B using linear regression stratified by 
the measurement period (pre- versus pandemic period). ßa were calculated 
for 1000 particles/cm3 increase in average of UFP and 1 μg/m³ increase in 
average of BC, respectively. Model A was adjusted for age (years), having 
respiratory/allergic diseases (asthma or eczema or allergic rhinitis or a 
positive skin prick test) body mass index, the measurement period (before vs 
after the first lockdown), ambient temperature (°C), outdoor air quality (Atmo 
index), trip duration and temperature inside taxi vehicles (°C). Model B was 
adjusted for the same variables as A except for the stratification variable.

lung function parameters, the decrease in FEF25–75% 
during the working day was significantly associated 
with in-taxi UFP before, but not after lockdown. No 
such association was found with BC. By contrast, the 
incidence of eye irritation was significantly negatively 
associated with in-vehicle humidity, regardless of the 
pollutant concentrations and the measurement period.

Variation in UFP and BC inside vehicles pre- and post-
lockdown

As previously published (8), the mean concentrations of 
in-vehicle UFP and BC during working days decreased 
1.7 times and 1.4 times post- compared to pre-lock-
down, respectively. These results may be explained by 
the sudden decline in anthropogenic emissions during 
lockdown and remaining post-lockdown, in particular 
traffic flow (pre-lockdown: mean 778 (SD 44) versus 
post-lockdown: mean 703 (SD 90) vehicles per work-
ing hours; P<0.0001, Wilcoxon test for paired sample) 
(8). Indeed, since outdoor air pollutants enter vehi-
cles, the decrease in particulate matter concentrations 
inside taxi vehicles can be partially attributable to the 
clear enhancement in ambient air quality as a result of 
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ponent of PM2.5 with a diameter ≤2.5 µm). Experimental 
studies showed that fine particles (≤ 2.5 µm) and a large 
fraction of UFP (1–15 nm) are predicted to deposit in 
the extra thoracic airways, including nose. It is also 
reported that UFP appeared to be cleared less rapidly 
and completely from the respiratory tract than larger 
particles (31–33). This may explain why the associa-
tion between nasal irritation and UFP concentrations is 
stronger than with BC.

Furthermore, UFP of 20–100 nm have the highest 
deposition efficiency in the alveolar region accord-
ing to the International Commission on Radiological 
Protection (IRCP) models (31, 33). It is therefore not 
surprising that the increase in UFP concentrations inside 
vehicles was associated with a decrease in FEF25–75% 
(only before lockdown, when pollutant levels were 
higher). No such associations were found with BC. 
These results are in line with our previous PUF-TAXI 
study (13) where the reduction in FEF25–75% was asso-
ciated with UFP but not with BC. By contrast, in this 
latter article, significant negative associations between 
in-vehicle UFP and FVC and FEV1 were also found. 
Several explanations can be proposed. First, with a small 
sample size of 33 taxi drivers, we suppose that the lack 
of statistical power made it difficult to detect the effect 
of in-vehicle UFP on FEV1 and FVC changes. Second, 
FEF25–75% reflects the first change associated with airflow 
obstruction in small airways (34, 35). It should be noted 
that no taxi driver has reported changing in his smoking 
behavior between pre- and post-lockdown. The same 
pattern of associations between respiratory health and 
in-vehicle pollutants were observed when only compar-
ing non- and ex-smokers.

Studies exploring the association between changes in 
lung function parameters and in-transit TRAP exposure, 
particularly to UFP and BC, remain few and their results 
are unclear (12, 36, 37). Future research is needed to 
confirm our results.

Furthermore, while there was no association between 
in-vehicle UFP/BC and eye irritation, as expected, the 
decrease in humidity inside taxi vehicles was significantly 
related to the occurrence of eye irritation. This result 
supports the findings of our previous study (13). Indeed, 
a recent review reported that the increase in indoor air 
humidity improves eye irritation symptoms (38).

Strengths and limitations

This study supports the hypothesis of the short-term 
respiratory health impact of UFP. An important strength 
is the standardized method to assess exposure and health. 
Measurements were repeated by the same investigator, 
using the same robust devices, and following the same 
protocol, pre-and post-lockdown. The small sample size 
is a shortcoming of our study, however balanced by 

our study design including repeated measurements to 
increase the statistical power. It cannot be excluded that 
the high prevalence of atopy in these taxi drivers, could 
have influenced the results. Another limitation is that 
seasonal variation was not considered in the multivari-
able model, but we adjusted for the ambient temperature 
and in-taxi temperature.

Concluding remarks

To our knowledge, this is the first study to investigate the 
effect of lockdown restrictions on in-vehicle air quality 
and respiratory health during the COVID-19 pandemic. 
Despite the relatively small sample size, the findings 
presented here support our previous results and show 
that the magnitude of the incidence of nasal irritation and 
decrease in lung function depends on the UFP concentra-
tions the population is exposed to, suggesting a threshold 
hypothesis. This hypothesis needs further investigation.
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