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ABSTRACT
Introduction: Pollution and climate have an 
impact on pediatric respiratory diseases; few 
studies have assessed this in the Autonomous 
City of Buenos Aires.
Objective: To assess the impact of the interaction 
between air pollutants and climate on the 
Emergency Department visits for acute lower 
respiratory tract infection (ALRTI) in a children’s 
hospital.
Methods: Ecological, time-series study with 
generalized additive models that included total 
visits and visits for ALRTI to the Emergency 
Department between 2012 and 2016. A series 
with 7-day moving averages for ALRTI 
visits was founded as a bias control measure. 
Predictors were daily levels of air pollutants 
(carbon monoxide, nitrous dioxide, particulate 
matter < 10 μ) and meteorological variables 
(temperature, humidity). Pollutants were 
measured at three monitoring stations. Temporal 
variables (day of the week, warm/cold semester) 
were controlled.
Results: There were 455 256 total visits; 17 298 
accounted for visits for ALRTI. A correlation was 
established only between total visits and day of 
the week (Mondays and Saturdays, more visits; 
Thursdays, less visits). Less visits for ALRTI 
were recorded in the warm semester compared 
to the cold semester (relative risk = 0.23; 95 % 
confidence interval: 0.29-0.18; p < 0.001). 
One monitoring station did not show any 
correlation; the other two stations showed a 
weak correlation between carbon monoxide and 
particulate matter < 10 μ and visits for ALRTI. 
Conclusion: The season accurately accounts for 
the increased number of total visits and visits for 
ALRTI. Although there was a correlation between 
the level of certain pollutants and the number of 
visits, its impact was irrelevant. 
Key words: air pollution, climate, respiratory tract 
infections, child.
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INTRODUCTION
Acute lower respiratory tract 

infections (ALRTIs) are a major cause 
of pediatric morbidity and mortality 
and the most common reason for 
visits to the Emergency Department 
in pediatrics.1

In recent years, two threats have 
emerged worldwide: air pollution 
and climate change.2 The relation 
between pollution, climate, and visits 
for respiratory diseases in children, 
especially in urban areas, is well 
known.3,4 An association has been 
established between the season and 
respiratory syncytial virus (RSV) 
circulation at a local level.5

The World Health Organization 
(WHO) has estimated that urban 
pollution caused 3 700 000 premature 
deaths in 2012 (80 %, in middle- and 
low-income countries). The pediatric 
population is a vulnerable group to 
climate factors.7

Few studies have assessed the 
interaction among environmental 
pollution, climatic variations, and 
respiratory disease in the Autonomous 
Ci ty  o f  Buenos  Aires  (CABA) . 
Most studies have been conducted 
in Europe or the United States of 
America (USA), but their results may 
not be extrapolated to our setting due 
to differences in pollutants, climatic 
aspects, and the health status of the 
exposed population.8,9

There is local evidence that air 
pollutants, in combination with 
climate, may constitute a health 
hazard in the adult population.10 It 
is necessary to assess the impact of 
these outcome measures on the health 
of particularly vulnerable subgroups.

The data of a recent study that 
assessed the relationship between 
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environmental pollutants, climate, and visits 
to the Emergency Department (some of which 
are included in this report) indicate that climate 
was the main determinant of the number of total 
visits.11 However, due to the influence of air 
pollution and climate on respiratory health,12 it 
is possible that visits for such specific condition 
develope a different pattern.

The objective of this study was to assess if 
there was a correlation among air pollution levels 
in the CABA, climatic variables, and the number 
of visits for ALRTI to the Emergency Department 
of a children’s hospital.

METHODS
Design: Ecological, time-series study with 

generalized additive models (GAMs). 
Population :  Pat ients  who vis i ted the 

Emergency Department of Hospital General de 
Niños “Pedro de Elizalde” (HGNPE) in the study 
period (2012-2016).

Climate data: These were obtained from the 
National Weather Service, Central Station (“Villa 
Ortúzar”).

Pollution data: These were obtained from 
the Environmental Protection Agency of the 
Autonomous City of Buenos Aires, as recorded 
by three automatic monitoring stations located in 
different areas of the CABA: “Parque Centenario” 
(residential area), “Avenida Córdoba” (high-
traffic area), and “La Boca” (urban industrial 
area).13 Twenty-four-hour averages were used.14

Visit  data:  These were obtained from 
the record books of visits to the Emergency 
Department and the registry of visits for ALRTI 
to the Emergency Department of HGNPE.

Study outcome measures:
• Carbon monoxide (CO): CO levels in outside 

air, in parts per billion (ppb)/parts per million 
(ppm). Daily average.

• Nitrous dioxide (NO2): NO2 levels in outside 
air, in parts per million (ppm). Daily average.

• Particulate matter < 10 µ (PM10): Solid or 
liquid particles with a diameter of less than 
10 microns, expressed as µg/m3. Daily 
average.

• Mean temperature: Average temperatures 
recorded in the 24 hours of each day, in 
degrees Celsius (°C).

• Maximum temperature: Highest temperature 
value recoded in the 24 hours of each day. In 
degrees Celsius (°C).

• Minimum temperature: Lowest temperature 

value recorded in the 24 hours of each day. In 
degrees Celsius (°C).

• Relative humidity: Percentage of water vapor 
in the air relative to the amount of water vapor 
in the air that is required to saturate the air in 
the same pressure and temperature conditions.

• Cold/warm semester: The National Weather 
Service definition was used. For the CABA, 
April, May, June, July, August, and September 
make up the cold semester, and the rest of the 
months, the warm semester.

Outcome variables:
Visits for ALRTI: Number of unscheduled 

visits to the Emergency Department of HGNPE 
recorded as ALRTI each day. In addition, a 
series with moving averages was developed; 
this procedure is used in time-series analysis to 
smooth potential biases, considering the average 
of a specific period as the value for each moment. 
In this case, a 7-day moving mean was used, 
considering a potential load bias related to the 
days of the week.

Total visits: Number of unscheduled visits to 
the Emergency Department of HGNPE each day, 
regardless of diagnosis.

Analysis: A time-series analysis was done 
based on the regression analysis between 
temporal variables (pollution, climate), taken 
as independent variables, and number of visits, 
as dependent variables.15 Lags of up to 7 days 
were considered (a lag was defined as the period 
between the change in a variable and its effects 
on other variables; in this case, between a change 
in pollutants or temperature and the change in 
the number of visits). GAMs16 were used for non-
parametric as well as parametric smoothing. 
Different models were tested and GAMs with 
a quasi-Poisson distribution showed the best 
results.

Ethical aspects: Approval was requested and 
obtained from the Research Ethics Committee of 
HGNPE. The study was registered in the Central 
Registry of Research Projects of the Ministry of 
Health of the Autonomous City of Buenos Aires 
(199/2017).

RESULTS
Complete series of visits to the Emergency 

Department were used, total and for ALRTI. 
Series of 1697 records were established (Table 1).

The series of primary outcome measures (total 
visits and visits for ALRTI) displayed different 
behaviors in relation to temporal variables (day, 
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was confirmed. NO2 levels measured at “La Boca” 
station also showed a correlation with the total 
visits: 2 days after a 10-ppb NO2 increase, the 
number of visits increased 3.5 %. PM10 showed 
negative correlations with the total visits for all 
the lags analyzed at “Avenida Córdoba” and “La 
Boca” stations.

In relation to visits for ALRTI, the series 
showed correlations with CO, which increased 
5.2 % 3 days after the 10-ppb increase measured 
at “Avenida Córdoba” station and 9.5 % after 
6 days. The 10-ppb CO increase at “La Boca” 
station correlated with the 13 % increase in visits 
for ALRTI after 5 days, but this was not consistent 
over the days. NO2 exhibited negative correlations 
at “Avenida Córdoba” station and not significant 
correlations at “La Boca” station. Finally, PM10 
showed a weak but consistent correlation in the 
same and the following day, with a 5.5 % increase 
in the same day and a mildly lower increase the 
following day after an increase of 10 μg/m in 
PM10 levels at “Avenida Córdoba” station.

DISCUSSION
Our study has verified that the season 

accurately accounts for the increased number 
of total visits to the Emergency Department of 
a children’s hospital, specifically for ALRTI, 
whereas, although air CO and NO2 levels show a 

month, station, and warm/cold semester). The 
series of total visits showed a correlation with the 
day of the week; Mondays and Saturdays with a 
higher average of visits (relative risk [RR] = 1.13; 
95 % confidence interval [CI]: 1.09-1.18; and 
RR = 1.13; 95 % CI: 1.09-1.17, respectively), and 
Thursdays with a lower average (RR = 0.94; 
95 % CI: 0.98-0.90). No variation was observed 
in relation to the visits for ALRTI and the day of 
the week.

Fewer visits were recorded in the warm 
semester than in the cold semester, both total 
(RR = 0.79; 95 % CI: 0.77-0.81; p < 0.001) and for 
ALRTI (RR = 0.23; 95 % CI: 0.29-0.18; p < 0.001).

The series of pollutants (Tables 2 and 3) 
measured at “Parque Centenario” station did 
not show significant correlations with any of the 
outcome variables. The analysis of the other two 
stations showed a correlation between increased 
CO and NO2 and total visits, with different lags 
by station and compound. The most important 
effect was related to CO: a 10-ppb CO increase 
at “Avenida Córdoba” station correlated with a 
more than 2 % increase in the number of visits 
between the following day and day 7, which 
peaked on day 6 with a 2.5 % increase in the 
number of visits. The increase in CO levels 
measured at “La Boca” station peaked on day 3, 
when a 2.3 % increase in the number of total visits 

Table 1. General characteristics of primary variables (daily values)

 Minimum Mean Maximum SD
Visits 60 249.58 527 63.93
ALRTI 0 4.44 40 7.31
ALRTI mm7 0 4.46 21.29 5.01
Minimum temp. (°C) 0.1 13.8 28.2 5.72
Mean temp. (°C) 3.7 18.06 32.7 5.86
Maximum temp. (°C) 7.4 23.06 39 6.29
Relative humidity (%) 39 72.56 100 12.24
P. Centenario, CO (ppb) 10 540 2600 220
Av. Córdoba, CO (ppb) 10 560 1800 280
La Boca, CO (ppb) 10 220 1300 160
P. Centenario, PM10 (μg/m3) 4 29.61 134 12.84
Av. Córdoba, PM10 (μg/m3) 7 27.51 140 10.43
La Boca, PM10 (μg/m3) 7 25.1 126 11.02
P. Centenario, NO2 (ppb) 5 17.88 50 5.82
Av. Córdoba, NO2 (ppb) 2 34.67 103 19.85
La Boca, NO2 (ppb) 2 15.59 75 8.36

SD: standard deviation. 
ALRTI: acute lower respiratory tract infection.
ALRTI mm7: visits for acute lower respiratory tract infection, 7-day moving mean. 
ppb: parts per billion.
CO: carbon monoxide.
PM10: particulate matter < 10 μ.
NO2: nitrous dioxide.
P. Centenario, Av. Córdoba, La Boca: automatic environmental monitoring stations.
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Table 2. Risk for general visits and visits for acute lower respiratory tract infection based on pollutant increase, considering 
each monitoring station (same day and 1-, 2-, and 3-day lags)

Empty cells correspond to assessments that did not show a correlation. 
RR: relative risk.
Significance codes: ***≤ 0.001, **≤ 0.01, *≤ 0.05.
Visits for ALRTI mm7: visits for acute lower respiratory tract infection, 7-day moving mean.
ppb: parts per billion. 
ppm: parts per million. 
CO: carbon monoxide.
PM10: particulate matter < 10 μ.
NO2: nitrous dioxide.

correlation with the number of visits, their impact 
on this factor is not relevant.

There is evidence that air pollution may affect 
children’s health, particularly respiratory tract 
diseases. A study conducted in São Paulo (Brazil) 
observed that exposure to air pollutants increased 
the number of visits to an emergency department 
for asthma and bronchiolitis in children, both on 
the same day and with some lags.17 However, 
a previous study carried out in Buenos Aires 

observed that the increase in the studied pollutant 
levels did not have a significant impact on 
the number of total visits to the emergency 
department of a children’s hospital.11 In this case, 
it was also verified that this did not occur when 
considering visits for ALRTI specifically.

The CABA automatic monitoring network 
includes three stations, which are strategically 
located in three areas with distinct characteristics 
that reflect different environmental scenarios: 
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residential, urban industrial, and high-traffic 
areas.13 The circulation of pollutants in the city 
and their dispersion to the surrounding areas 
is influenced by the wind and conditioned by 
the height of the temperature inversion layer, 
and varies from day to day. However, the data 
obtained from the stations, both in average and 
separately, provide information about the quality 
of the air to which the city and surrounding area 
populations are exposed.

More accurate studies should be done, which 
would require pollutant dispersion models and/
or specific monitoring, but this is beyond the 
scope of this study. It is worth noting that, in an 
ecological study of this type, the research subject 
is the population as a whole, so it bears the 
limitations entailed by it.18

Although it was not possible to verify it in 
our study, it does not mean that air quality does 

Table 3. Risk for general visits and visits for acute lower respiratory tract infection based on pollutant increase, 
considering each monitoring station (4-, 5-, 6-, and 7-day lags)

Empty cells correspond to assessments that did not show a correlation. 
RR: relative risk.
Significance codes: ***≤ 0.001, **≤ 0.01, *≤ 0.05.
ALRTI mm7: visits for acute lower respiratory tract infection, 7-day moving mean.
ppb: parts per billion. 
ppm: parts per million. 
CO: carbon monoxide.
PM10: particulate matter < 10 μ.
NO2: nitrous dioxide.
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not affect patients’ health, but that the impact of 
daily variations is not reflected on the number of 
visits. Most likely, it is influenced by the size of 
the studied population.

I t  should  be  noted  that  the  l eve ls  o f 
environmental pollutants in the CABA are usually 
within acceptable ranges: as mentioned before, in 
the study period, very few times, pollutant levels 
exceeded the limits established by the national 
legislation (9 ppm in 8-hour averages and 35 ppm 
in 1-hour averages for CO, 220 ppb in 1-hour 
averages for NO2, and 150 µg/m in 24-hour 
averages for PM10).19

In addition, on the one side, the geographic 
and wind characteristics of this region restrict 
the accumulation of air components; on the other 
side, the impact of climate (winter) on pediatric 
medical visits is so big that it may mask any 
other consideration.20 A study that analyzed 
the information about patient’s exact place of 
residence would provide additional elements to 
describe the relationship between air pollution 
and health in the area.

It is clear that visits for ALRTI increase 
significantly in the winter. This is consistent with 
the fact that, in a city with temperate climate 
like Buenos Aires, the main causative agents of 
ALRTI in children (RSV and influenza virus) 
circulate in the winter.21 Such seasonal variation 
for different diseases (pneumonia, acute otitis 
media, upper respiratory tract infections) has also 
been described recently in a study carried out in 
the USA.22

The difference observed in total visits per 
day of the week may be influenced by social 
dynamics.23,24 The fact that visits for ALRTI do not 
follow the same pattern supports this.

The establishment of a series with 7-day 
moving averages for the visits for ALRTI helped 
to mitigate the impact of the poor quality of 
certain data.25 However, the study evidenced 
the weakness of the current recording system 
for its implementation in this type of research. 
Possibly, the ongoing transition to electronic 
clinical records26 taking place in health facilities 
run by the Government of the Autonomous City 
of Buenos Aires will remarkably improve this.27

Our results confirm, once more, the evidence 
of the association between the winter season and 
the increase in the number of pediatric medical 
visits, and its implications for the management 
of health resources.

CONCLUSION
Although a correlation was observed between 

the level of certain pollutants and the number 
of visits, its impact is not relevant. The number 
of visits to the Emergency Department of a 
children’s hospital for acute respiratory infections 
increased significantly in the winter. n
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