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Abstract 

An increased risk of community-acquired pneumonia has been shown in residents of rural livestock farming areas 
in the Netherlands and United States, probably due to air pollution exposure or zoonotic infections. Spatial epide-
miological analyses have particularly implicated poultry and goat farms in the increased risk—an observation that 
warrants further research. Studying the viral or bacterial etiology of community-acquired pneumonia using traditional 
microbiological methods or metagenomic sequencing could help to fathom to what extent environmental factors 
and causative pathogens contribute to spatial differences in the incidence of severe acute respiratory infections.
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Main text
When the World Health Organization (WHO) pre-
sented the new Global Air Quality Guidelines in Sep-
tember 2021, they emphasized “the clear evidence of the 
damage air pollution inflicts on human health, at even 
lower concentrations than previously understood” [1]. 
Although associations with lower respiratory infection 
risk are generally small, outdoor and indoor air pollution 
are ubiquitous and therefore contribute to a substantial 
burden of pneumonia and bronchiolitis worldwide [2]. 
Agriculture is a major—but often overlooked—source 
of air pollution due to atmospheric emissions of coarse 
and fine particulate matter and reactive nitrogen [3, 4]. 
An increased risk of pneumonia in residents of rural live-
stock farming areas has been shown in several studies in 
the Netherlands and United States [5–8], probably due to 
air pollution exposure or zoonotic infections, although 
there is limited evidence to support a zoonotic etiology 
apart from outbreak situations [9]. Spatial epidemiologi-
cal analyses have particularly implicated poultry and goat 

farms in the increased risk of pneumonia, an observation 
that warrants further research.

In a recent article in Pneumonia [10] Roof et  al. have 
attempted to shed more light on the viral or bacterial 
etiology of hospitalized community-acquired pneumo-
nia (CAP) patients living in a livestock farming area in 
the Netherlands. Analysis of routine laboratory results 
of two hospitals did not reveal clear differences in iden-
tified micro-organisms between patients living within 
two kilometers of goat or poultry farms and patients liv-
ing further away from those farms. The percentage of 
positive urine antigen tests for Streptococcus pneumoniae 
was slightly higher in patients living close to goat farms 
(15.2% vs. 11.3%; p = 0.10) and poultry farms (14.4% vs. 
11.3%; p = 0.14). When laboratory data from the Jeroen 
Bosch Hospital—the hospital with the higher livestock 
farm density in its catchment area—alone were analyzed, 
a larger percentage of positive pneumococcal urine anti-
gen tests in patients living close to poultry farms was 
found (15.6% vs. 10.1%; p = 0.03).

Identification of pathogens was carried out in accord-
ance with normal clinical practice, and not as part of a 
systematic research initiative aiming to detect causative 
micro-organisms in a large proportion of CAP patients. 
While convenient, the use of routine diagnostic data 
for CAP research has shortcomings. The low pathogen 
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detection rate, 25%, is consistent with previous studies 
on ‘real-life’ testing practices in adults hospitalized with 
CAP [11], but test results available from both hospitals 
participating in this retrospective study only allowed spa-
tial comparisons for S. pneumoniae and Legionella pneu-
mophila (urinary antigen tests), and Influenza A and B 
(PCR). A nationwide severe acute respiratory infections 
surveillance system—including a broad range of viral, 
bacterial, and fungal test results—is currently not avail-
able, but would be of great value for preparedness and 
emergency response, and for early detection of signals 
that require further investigation [12]. Such surveillance 
data could also be advantageous for studying various 
environmental risk factors of pneumonia. For example, 
use of antibiotics possibly prescribed for pneumonia 
(amoxicillin, doxycycline, and co-amoxiclav) was 5–10% 
higher among people living close to poultry farms in a 
nationwide Dutch study [13]. However, the presence of 
poultry farms explained only a limited amount of the 
total variation in antibiotic use, while remarkable regional 
differences were observed with high use patterns in areas 
with a generally low socio-economic status. Availability 
of detailed surveillance data could help to fathom to what 
extent environmental factors and causative pathogens 
contribute to spatial and temporal differences in the inci-
dence of severe acute respiratory infections.

Despite the abovementioned limitations in data quality, 
the slightly higher percentage of positive urine antigen 
tests for S. pneumoniae in CAP patients living near poul-
try [10] is supportive of a previous Dutch hospital-based 
study that used 16S rRNA gene sequencing to analyze 
the oropharyngeal microbiota composition of 126 CAP 
patients [5]. At the time of hospital admission and before 
taking antibiotics, a higher relative abundance of S. pneu-
moniae and overrepresentation of a microbiota compo-
sition cluster dominated by S. pneumoniae was found 
in CAP patients living near a poultry farm [5]. Comple-
mentary to the traditional microbiological methods used 
in the study by Roof et al. [10], next generation sequenc-
ing has emerged as a powerful tool to study whether 
imbalance of microbial communities is predictive of 
respiratory infections. In line with animal and in  vitro 
experiments, the increased abundance of S. pneumo-
niae in CAP patients living close to a poultry farm sug-
gests that farm emissions such as particulate matter and 
endotoxin may be involved in alterations of the upper 
respiratory tract microbiota composition, possibly lead-
ing to increased risk of infection [5]. In future research, 
metagenomic sequencing methods also have the poten-
tial to identify pathogens in the large proportion of CAP 
patients with unknown etiology, which may reveal new 
leads to understanding how the environment contributes 
to pneumonia development.

While researchers must continue to investigate the 
impact of the living environment on pneumonia risk, 
the revised WHO Air Quality Guidelines underscore 
that action is needed to mitigate adverse health effects of 
air pollution. In response to public health concerns, the 
Dutch government has announced ambitions to reduce 
the high particulate matter emissions from poultry farms 
[3]. The emission reduction targets have already stimu-
lated initiatives in the sector to develop poultry dust 
reduction techniques which if effective, should ultimately 
lead to improved air quality in livestock farming areas.

Abbreviations
CAP: Community-acquired pneumonia; WHO: World Health Organization.

Acknowledgements
Not applicable

Author’s contributions
LAMS conceived and wrote the manuscript. The author(s) read and approved 
the final manuscript.

Funding
No external funding was used for this work.

Availability of data and materials
Not applicable

Declarations

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
LAMS is the PhD thesis supervisor of Inge Roof, the first author of the article 
that is central in this comment.

Received: 1 December 2021   Accepted: 11 January 2022

References
	1.	 World Health Organization. New WHO Global Air Quality Guidelines aim 

to save millions of lives from air pollution. https://​www.​who.​int/​news/​
item/​22-​09-​2021-​new-​who-​global-​air-​quali​ty-​guide​lines-​aim-​to-​save-​
milli​ons-​of-​lives-​from-​air-​pollu​tion. Accessed 1 Dec  2021.

	2.	 GBD 2016 Lower Respiratory Infections Collaborators. Estimates of the 
global, regional, and national morbidity, mortality, and aetiologies of 
lower respiratory infections in 195 countries, 1990–2016: a systematic 
analysis for the Global Burden of Disease Study 2016. Lancet Infect Dis. 
2018;18(11):1191–210.

	3.	 Smit LAM, Heederik D. Impacts of intensive livestock production on 
human health in densely populated regions. GeoHealth. 2017;1(7):272–7.

	4.	 Gu B, Zhang L, Van Dingenen R, Vieno M, Van Grinsven HJ, Zhang X, 
Zhang S, Chen Y, Wang S, Ren C, Rao S, Holland M, Winiwarter W, Chen D, 
Xu J, Sutton MA. Abating ammonia is more cost-effective than nitrogen 
oxides for mitigating PM2.5 air pollution. Science. 2021;374(6568):758–62.

	5.	 Smit LAM, Boender GJ, de Steenhuijsen Piters WAA, Hagenaars TJ, 
Huijskens EGW, Rossen JWA, Koopmans M, Nodelijk G, Sanders EAM, Yzer-
mans J, Bogaert D, Heederik D. Increased risk of pneumonia in residents 

https://www.who.int/news/item/22-09-2021-new-who-global-air-quality-guidelines-aim-to-save-millions-of-lives-from-air-pollution
https://www.who.int/news/item/22-09-2021-new-who-global-air-quality-guidelines-aim-to-save-millions-of-lives-from-air-pollution
https://www.who.int/news/item/22-09-2021-new-who-global-air-quality-guidelines-aim-to-save-millions-of-lives-from-air-pollution


Page 3 of 3Smit ﻿Pneumonia            (2022) 14:2 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

living near poultry farms: does the upper respiratory tract microbiota play 
a role? Pneumonia. 2017;9:3.

	6.	 Kalkowska DA, Boender GJ, Smit LAM, Baliatsas C, Yzermans J, Heederik 
DJJ, Hagenaars TJ. Associations between pneumonia and residential 
distance to livestock farms over a five-year period in a large population-
based study. PLoS ONE. 2018;13(7):e0200813.

	7.	 Post PM, Hogerwerf L, Huss A, Petie R, Boender GJ, Baliatsas C, Lebret E, 
Heederik D, Hagenaars TJ, IJzermans CJ, Smit LAM. Risk of pneumonia 
among residents living near goat and poultry farms during 2014–2016. 
PLoS ONE. 2019;14(10):e0223601.

	8.	 Poulsen MN, Pollak J, Sills DL, Casey JA, Nachman KE, Cosgrove SE, Stew-
art D, Schwartz BS. High-density poultry operations and community-
acquired pneumonia in Pennsylvania. Environ Epidemiol. 2018;2(2):e013.

	9.	 Huijskens EG, Smit LA, Rossen JW, Heederik D, Koopmans M. Evaluation 
of patients with community-acquired pneumonia caused by zoonotic 
pathogens in an area with a high density of animal farms. Zoonoses 
Public Health. 2016;63(2):160–6.

	10.	 Roof I, van Gageldonk-Lafeber AB, Zomer TP, Vermeeren YM, Wever PC, 
van der Hoek W. Identified micro-organisms in hospitalized community-
acquired pneumonia patients living near goat and poultry farms. Pneu-
monia. 2021;13:13.

	11.	 Carugati M, Aliberti S, Reyes LF, Franco Sadud R, Irfan M, Prat C, Soni NJ, 
Faverio P, Gori A, Blasi F, Restrepo MI. Microbiological testing of adults 
hospitalised with community-acquired pneumonia: an international 
study. ERJ Open Res. 2018;4(4):00096–2018.

	12.	 Marbus SD, Groeneveld GH, van Asten L, van der Hoek W, de Lange MMA, 
Donker GA, Schneeberger PM, van Dissel JT, van Gageldonk-Lafeber AB. 
Severe acute respiratory infections surveillance for early signals in the 
community. Neth J Med. 2020;78(6):315–24.

	13.	 Roof I, van der Hoek W, Oude Boerrigter L, Wielders CCH, Smit LAM. Use 
of antibiotics among residents living close to poultry or goat farms: a 
nationwide analysis in the Netherlands. Antibiotics. 2021;10(11):1346.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The air we breathe: understanding the impact of the environment on pneumonia
	Abstract 
	Main text
	Acknowledgements
	References


