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Abstract

Background

Previous studies, performed between 2009–2019, in the Netherlands observed an until now

still unexplained increased risk for pneumonia among residents living close to goat farms.

Since data were collected in the provinces Noord-Brabant and Limburg (NB-L), an area with

relatively high air pollution levels and proximity to large industrial areas in Europe, the ques-

tion remains whether the results are generalizable to other regions. In this study, a different

region, covering the provinces Utrecht, Gelderland, and Overijssel (UGO) with a similar den-

sity of goat farms, was included to assess whether the association between goat farm prox-

imity and pneumonia is consistently observed across the Netherlands.

Methods

Data for this study were derived from the Electronic Health Records (EHR) of 21 rural gen-

eral practices (GPs) in UGO, for 2014–2017. Multi-level analyses were used to compare

annual pneumonia prevalence between UGO and data derived from rural reference prac-

tices (‘control area’). Random-effects meta-analysis (per GP practice) and kernel analyses

were performed to study associations of pneumonia with the distance between goat farms

and patients’ home addresses.

Results

GP diagnoses of pneumonia occurred 40% more often in UGO compared to the control

area. Meta-analysis showed an association at a distance of less than 500m (~70% more

pneumonia compared to >500m) and 1000m (~20% more pneumonia compared to

>1000m). The kernel-analysis for three of the four individual years showed an increased risk

up to a distance of one or two kilometers (2–36% more pneumonia; 10–50 avoidable cases

per 100,000 inhabitants per year).
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Conclusions

The positive association between living in the proximity of goat farms and pneumonia in

UGO is similar to the previously found association in NB-L. Therefore, we concluded that

the observed associations are relevant for regions with goat farms in the entire country.

Introduction

In the recent past, an increasing body of research in The Netherlands and elsewhere has been

devoted to studying the potential health risks of living in close proximity to intensive livestock

farms. So far, multiple effects of exposure to livestock farming, and/or livestock related air pol-

lution, have been reported [1–5]. These effects range from adverse effects such as an increased

risk for zoonotic infections, decreased lung function and increased COPD exacerbations, to

protective effects such as lower prevalence of certain immunological disorders e.g. asthma and

allergies [1,2,4–13].

Previous epidemiological studies performed in the primary study area in the Netherlands, a

livestock-dense area located in the southeast of the country, observed a currently unexplained

increased risk for pneumonia among residents living close to goat farms between 2009–2019

[2,14–19]. Kalkowska et al. reported that the percentage of pneumonia cases attributable to

proximity to goat farms (population attributable risk) was approximately 5% in the years

2009–2013. In a more recent analysis for the years 2014–2016, the population attributable risk

for pneumonia of living within 2km of a goat farm was approximately 7% [20].

Q-fever, a zoonotic disease caused by Coxiella burnetii, is likely to explain the increased risk

of pneumonia among neighboring residents of goat farms during and sometime after the epi-

demic that took place from 2007 until 2010. However, the Q-fever epidemic could not explain

the increased risk of pneumonia in the period thereafter. As of 2011, Q-fever has been under

control in both goats and humans as a result of preventive vaccination of goats and sheep and

strict monitoring [21]. With reported incidence in humans having returned to pre-epidemic

levels Q-fever is no longer a likely causative agent for increased pneumonia [22].

Given that the association of increased pneumonia incidence near goat farms is robust and

consistent over an extended period of time in the southeastern region of the Netherlands, the

question remains whether results are generalizable to other regions where people live close to

goat farms [22]. This question was considered a key question that should be answered before

the question of causality could be considered.

Therefore, in the present study, a new study region was included to assess whether the asso-

ciation between goat farm proximity and pneumonia was consistent across the Netherlands.

Compared to the primary study area, this new study region has on average a lower background

concentration of particulate matter air pollution but a similar density of goat farms. Results of

this study will provide insights into potential influential regional differences regarding the

prevalence of pneumonia among goat farms’ neighboring residents. This study is part of the

Livestock Farming and the Health of Local Residents program (in Dutch: Veehouderij en

Gezondheid Omwonenden—VGO).

Materials and methods

Study design and study population

An observational study was conducted in the Netherlands, based on longitudinal health data

from electronic health records (EHR) in the Primary Care Database (PCD) of Netherlands
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Institute for Health Services Research (NIVEL) [23]. Every resident is obligated to be regis-

tered at just one practice, and general practitioners act as gatekeepers to secondary care. The

EHR data used in this study comprised 68,000 patients on average per year (2014–2017), from

21 rural general practices (GPs) in the current study area located in the central and eastern

part of the Netherlands. The study area included parts of the provinces of Utrecht, Gelderland

and Overijssel (i.e. the current research area, hereafter referred to as UGO). The same proce-

dure in collecting EHR data has been followed as described by previous research focusing on

the province of Noord-Brabant and Limburg (i.e. the primary research area, hereafter referred

to as NB-L) [2,16–18].

To enable comparisons between the current study area (UGO) and control areas, EHR data

was derived from 66,000 patients per year from reference practices (the ‘control area’) located

throughout the country (EHR of 22 GPs in rural areas with few intensive livestock farms). See

Fig 1 for an overview of all participating GPs’ locations throughout the Netherlands. The

recruitment of GPs to participate in the NB-L study has been described in detail by Kalkowska

et al. 2018 [20].

In primary care in the Netherlands diagnosed health problems are registered based on the

International Classification of Primary Care (ICPC) (Pneumonia is code R81) [24]. Annual

prevalence of pneumonia was based on “care episodes”; every care episode includes all patient

encounters for the same health problem, within an ICPC code. In addition, the yearly preva-

lence of herpes zoster (ICPC code S70) has been included as a control diagnosis, considering

the lack of a theoretically expected association with exposure to farming.

For studying associations between residential distance to a goat farm and pneumonia diag-

noses, patients registered at all 21 GP’s in UGO were included. Because the study focused on

environmental exposure to livestock farms, patients living at a livestock farm were excluded

from these analyses (because of the potential of occupational exposure). Patients were also

excluded when they were registered at more than one residential address.

Ethical approval

The NIVEL Primary Care Database (PCD) complies with the regulations of the Dutch Data

Protection Authority and the Dutch law regarding use of health data for epidemiological

research (Dutch Civil Law, Article 7:458). Medical information and address records were kept

separated with the support of a Trusted Third Party (“Stichting Informatie Voorziening Zorg:

IVZ”, Houten, The Netherlands).

Exposure assessment

The presence of livestock farms in UGO has been determined using “Bestand Agrarische Bed-

rijfssituatie (BAB)”. Farm-level data from 2016 were used. BAB is a national inventory, com-

piled by the Netherlands Enterprise Agency (Dutch acronym: RVO). This database provides

information on animal species and number, geographic coordinates of farms and associated

emissions per year. All patients’ home addresses were geo-coded based on Dutch cadastral

data, and ArcGisPro (version 2.5) and R (version 3.6.1) was used to determine the shortest dis-

tance between residences and farms. A goat farm was defined as a location where a minimum

of 50 goats were being kept.

Data analyses

This study evaluates associations between pneumonia and the proximity of goat farming by

using complementary data analysis approaches: i) Multi-level analysis taking into account the

hierarchical structure of the data (registered patients nested in GP) to compare the annual
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prevalence of pneumonia between UGO and the control area; ii) random-effects meta-analysis

to study associations between pneumonia and pre-defined distances between goat farms and

patients’ home addresses for each GP practice and summarizing associations, and iii) a spatial

kernel analysis that assumes a hazard of developing pneumonia that is dependent on the dis-

tance of the residence of each patient to every individual goat farm.

Multi-level analysis. The prevalence of pneumonia between 2014–2017 is compared

between study areas using (multi-level) logistic regression analyses, adjusting for age, sex, the

Fig 1. Overview of all participating GPs’ locations throughout the Netherlands, 2014–2017.

https://doi.org/10.1371/journal.pone.0286972.g001
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number of days a patient was registered with the GP, and clustering of patients in GP’s [25].

Four-year prevalence, yearly prevalence for 2014–2017 and Odds ratio’s (OR) and 95% confi-

dence intervals (95%CI) were calculated. Two-sided testing was conducted considering the

interest in differences between study areas.

Random effects meta-analysis. Associations between presence of a goat farm within a

radius of 500m, 1000m and 2000m from the residential address and pneumonia were deter-

mined using logistic regression, and expressed as OR and 95%CI. People with one or more

pneumonia episode(s) over the years 2014–2016 were compared to people who had no pneu-

monia in these years. For a comparison of UGO and NB-L we restricted the analysis to 2014–

2016. The year 2017 has been left out of this specific analysis, because there was no complete

dataset available for NB-L for 2017. All associations have been adjusted for age, sex and the

presence of a poultry farm within 2000m. The latter adjustment was considered because earlier

publications showed an increased risk of pneumonia for people living in the proximity (up to

2000m) of poultry farms [14,20]. The associations were first calculated for all individual GPs

after which results were combined in a random-effects meta-analysis. GPs were excluded from

the meta-analysis when there were too few registered patients living within a certain radius of

a goat farm to calculate a GP-specific association. In the meta-analysis combined effect esti-

mates were calculated for 1) all GP’s in UGO, 2) all GP’s in NB-L (for comparison, these previ-

ously estimated effects were also displayed) [25], and 3) all GP’s of both study areas combined.

I2 was calculated as a measure of heterogeneity in associations between GPs or research areas

underlying the meta-analysis effect-estimates. The size of the study population is somewhat

smaller in UGO compared to NB-L therefor some results might not prove statistically signifi-

cant, but are given to evaluate similarity in outcomes with NB-L.

Spatial kernel model. Associations between pneumonia and residential distance to goat

farms (as well as to other types of farms) in UGO were determined using kernel-analysis

[17,20,22]. The kernel model calculates the average added risk of pneumonia per goat farm

within a certain radius of the patient’s home address. The kernel hazard function assumes that

the potential additional pneumonia hazard is equal for all individuals living within a particular

distance/radius d from a livestock farm of a specific type and 0 for all individuals living further

away. In addition, the model includes a spatially uniform background pneumonia hazard

(independent of residential distance to any type of livestock farm). In the univariate analyses

the radius d was varied between 500 and 2000 m with steps of 500 m. For further technical

details we refer to Kalkowska et al. [20]. The combined univariate and multivariate analyses

are also used to calculate the population-attributable Risk (PAR), defined as the percentage of

pneumonia cases that could be, or would be, prevented if no one was living within that radius

of a goat farm, when you assume a causal relationship [6,20,22]. In the calculation of the PAR

we used the estimated background pneumonia hazard to estimate the percentage of pneumo-

nia cases that would remain if no one was living within the given distance(s) of farms.

Splines. Associations between pneumonia or herpes zoster (control diagnosis) and dis-

tance to a farm were visualized using spline plots according to Post et al. [22]. This allows com-

parisons of the shape of these associations.

Effect of weighing the number of goats. Finally, the effect of farm size (i.e. number of

animals) on top of presence of a goat farm (yes/ no) was explored as previously described by

Huijskens et al. [26]. The OR (95%CI) for an interquartile range increase in the number of

goats were calculated. Additionally, the number of goats present in the different radii of peo-

ples’ homes was assessed as a categorical variable (e.g. no goats,�median number of goats, >

median number of goats).

Sensitivity analyses. We adjusted for several additional potential confounding factors

that could influence the association between goat farming and pneumonia; the presence of
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other farm types, residential concentrations of ambient NO2 (as a proxy for annual average

concentrations of traffic related air pollution at the residential address, determined with previ-

ously developed and validated models from the EU ELAPSE project [27], and age as a squared

term (because of the non-linear association between age and pneumonia).

Analyses were performed in R version 4.0.3 in SAS, version 9.4 (SAS Institute, Inc., Cary,

North Carolina, USA, 2016) and in STATA versions 12.1 and 14.0 (StataCorp LP, College Sta-

tion, TX, USA). The kernel-analysis was programmed in Wolfram Mathematica v.10.4 and

executed in v11.3 (Wolfram Research, Inc., Mathematica, Version 11.3, Champaign, IL, 2018).

The program-code for the kernel-analysis has been previously published [20]. Statistical signif-

icance was set at p< 0.05.

Results

Descriptive of study population

In total, 21 GPs were included in UGO, with 68.000 patients on average per year. For the con-

trol area 22 GPs were included with 66,000 patients on average per year (Table 1). The two

groups were comparable for age and sex, although the proportion of children was somewhat

lower in the control area. The national prevalence of pneumonia in primary care, including all

urban and rural residents, was 1.63% per year in 2017 and 1.61% in 2019 [23,28].

In total 65,251 patients were included for analysis (50,696 adults (>18 years of age in 2016)

and 14,555 children), see Table 2. Depending on the availability of address information not all

patients could be included. For studying the associations between residential distance to a goat

farm and pneumonia 2,905 patients were excluded because they lived at a livestock farm and

nine patients were excluded because they were registered at more than one residential address.

Over the period of 2014–2017, 2,591 patients were diagnosed with pneumonia leading to a

four-year-prevalence of 4.0%; 4.2% among adults and 3.1% among children. Table 2 also

shows that approximately 30% of patients live within 2000m of one or more goat farms (infor-

mation on other types of livestock farming are shown in S1 Table in S1 File).

Comparing UGO to control area. Pneumonia was diagnosed roughly 40% more often in

UGO compared to the control region. The differences in prevalence between UGO and the

control area for four consecutive years are listed in Table 1. The differences in prevalence are

adjusted for age, sex, and duration of registration at GP. Differences in risk of pneumonia for

Table 1. Comparing UGO and control area for pneumonia prevalence and differences in risk per year.

2014 2015 2016 2017

NO. PATIENTS IN UGO (N PRACTICES) 58,291 (20) 68,698 (21) 71,396 (21) 74,093 (21)

PREVALENCE (%) OF PNEUMONIA 1.61 1.81 1.64 1.92

NO. PATIENTS IN CONTROL AREA (N PRACTICES) 72,469 (22) 71,908 (22) 69,806 (21) 50,139 (18)

PREVALENCE (%) OF PNEUMONIA 1.27 1.43 1.37 1.41

OR (95%CI) PNEUMONIA 1.41 (1.02–1.95)*** 1.44 (0.99–2.09)** 1.38 (0.98–1.95)*** 1.40 (1.01–1.93)**
OR (95%CI) HERPES ZOSTER 1.05(0.90–1.22)* 0.93(0.78–1.12)* 0.97(0.80–1.17)* 1.12(0.92–1.36)*

UGO (2014; 2017): Percentage women: 49.8%; 49.8%. Average age: 41.3 (SD 23.9); 41.3 (SD 24.2). Percentage children (0–14 year): 18.3%; 18.5%. Percentage elderly (65

+): 19.8%; 20.4%.

Control area (2014; 2017): Percentage women: 49.7%; 49.4%. Average age: 41.9 (SD 23.5); 42.0 (SD 23.5). Percentage children (0–14 year): 16.6%; 15.9%. Percentage

elderly (65+): 19.8%; 20.0%.

* not significant.

** p<0.10.

*** p<0.05.

https://doi.org/10.1371/journal.pone.0286972.t001
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UGO and the control area were statistically significant and the OR’s range from 1.38 to 1.44.

For the control diagnosis herpes zoster no statistically significant differences were detected

between UGO and the control area.

Meta-analysis residential distance to goat farms

Meta-analysis showed an association at a distance of less than 500m (~70% more pneumonia

compared to>500m) and 1000m (~20% more pneumonia compared to>1000m), with no

evidence for heterogeneity between GPs or study areas (overall I2<20%) (Fig 2). For other

farm types the results from the meta-analysis did not show any consistent associations with

pneumonia (S2 and S3 Tables in S1 File).

Table 2. Demographic characteristics of research population in the provinces of Utrecht, Gelderland and

Overijssel.

CHARACTERISTIC UGO

NUMBER (%)

TOTAL POPULATION 65,251 (100)

POPULATION IN 2014 50,577 (78)

POPULATION IN 2015 59,377 (91)

POPULATION IN 2016 61,577 (94)

POPULATION IN 2017 64,041 (98)

BORN BETWEEN 2014 AND 2017 2,287 (3.5)

BORN BETWEEN 2014 AND 2016 1,913 (2.9)

MEN 32,696 (50.1)

WOMEN 32,555 (49.9)

AGE CATEGORY*
< = 19 14,555 (22.3)

19< = < 37 13,100 (20.1)

37< = < 52 11,945 (18.3)

52< = < 66 12,679 (19.4)

66< = < 106 12,972 (19.9)

URBANIZATION

1 (MOST URBAN) 450 (0.7)

2 4,202 (6.4)

3 4,028 (6.2)

4 29,289 (44.9)

5 (LEAST URBAN) 27,282 (41.8)

MINIMUM OF 4 YEAR ** REGISTRATION AT THIS GP 38,524 (59.0)

GP PATIENT IN GELDERLAND 31,777 (48.7)

GP PATIENT IN OVERIJSSEL 29,427 (45.1)

GP PATIENT IN UTRECHT 4,047 (6.2)

AGE (MEAN, SD)* 42.11 (24.03)

YEAR OF BIRTH (RANGE) 1911–2017

PERCENTAGE LOW INCOME (N = 64.670 AV, STD; RANGE) 40.67 (4.19; 17–69)

GOAT FARMS WITHIN XM RADIUS OF HOME

>2000m 46,356 (71.0)

1000-2000M 15,575 (23.9)

500-1000M 2,796 (4.3)

<500M 524 (0.8)

* age in 2017 for UGO.

https://doi.org/10.1371/journal.pone.0286972.t002
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See for the meta-analysis for NB-L Post et al. in 2019 [22].

Kernel analysis

The multivariate kernel analysis for 2014, 2016 and 2017 showed an increased risk of pneumo-

nia up to a residential distance to goat farms of 2 km, 1 km and 1.5 km respectively. For 2015

no statistically significant distance-dependent association was found (i.e. add pneumonia risk

was not significantly different from zero for any of the distance radii considered in the analy-

sis). A 1.9–36.1% increase in pneumonia prevalence, resulting in 10 to 50 avoidable cases per

100,000 inhabitants per year was seen among residents living in the proximity of a goat farm.

Results of the kernel analysis are shown in the (S4 Table in S1 File). No statistically significant

risk increase in relation to residential distance to poultry farms was found. However, for all

four consecutive years the kernel analysis, in contrast to the other methods used in this study,

also detected significant pneumonia risk increases for residents in the vicinity of sheep farms.

For the control condition herpes zoster, no increased risk was found in the vicinity of any of

the farm types for any of the years.

Spline plots

Spline plots were created to compare the shapes of associations between residential distance to

nearest goat farm and with pneumonia diagnosis or control diagnosis (herpes zoster) (Fig 3).

Fig 2. Results of the meta-analysis of the logistic regression expressed in odds ratios for individual GPs in

Utrecht, Gelderland and Overijssel and the overall odds ratio. The associations between the presence of a goat farm

within a radius of A) 500m, B) 1000m and C) 2000m from the home address and pneumonia are shown for the whole

study population for the years 2014–2016 (OR (95%CI)). All associations have been adjusted for age, sex and the

presence of a poultry farm within 2000m. The window-shape reflects the 95% CI from the combined effect estimations.

The size of the square-shapes around the individual effect estimations reflects to which extent this contributes to the

combined effect and is dependent on the accuracy of the estimation.

https://doi.org/10.1371/journal.pone.0286972.g002

Fig 3. Spline plots showing the associations between residential distance to nearest goat farm and being diagnosed with (A) pneumonia or (B) herpes

zoster in the period 2014–2017. A Association between residential distance to nearest goat farm and being diagnosed with pneumonia in the period

2014–2017 with a spline for all ages in the provinces of Utrecht, Gelderland and Overijssel (n = 65,251; adjusted for age, sex, presence of pig farm within

500m, a sheep- or mink farm within 1000m and presence of a poultry farm within a 2000m radius. The p-values of the spline is<0.001, while a linear

model shows a p-value of 0.06. The spline plot shows an increased prevalence of 3–4%, after which the prevalence decreases to 1–2%. B Association

between residential distance to nearest goat farm and being diagnosed with the control diagnosis herpes zoster in the period 2014–2017 with a spline for

all ages in the provinces of Utrecht, Gelderland and Overijssel (n = 65,251; adjusted for age, sex, presence of pig farm within 500m, a sheep- or mink

farm within 1000m and presence of a poultry farm within a2000m radius.

https://doi.org/10.1371/journal.pone.0286972.g003
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Plots show that pneumonia prevalence tends to decline with increasing distance to nearest

goat farm. In contrast, herpes zoster diagnosis prevalence was not related to distance.

Sensitivity analysis

The association between distance to goat farms and pneumonia was not influenced by other

possible relevant sources within the surroundings (traffic-related air pollution and living in the

proximity of other types of livestock farms than goats or poultry), nor by the functions of age

(age*age). The influence of these additional corrections has been assessed by meta-analysis (S2

Table in S1 File).

Fixed effect modelling was performed as a sensitivity analysis, the same results were

obtained as with random effect modelling. Goat density around the home address did not

show a significant effect on the risk of pneumonia on top of presence of a goat farm (S5

Table in S1 File), also not when analyzed as a categorical variable (no goats, equal or less than

median number of goats, more than median number of goats (S6 Table in S1 File).

Discussion and conclusions

This study shows a statistically significant positive association between living in the proximity

of goat farms and pneumonia. This is in line with earlier findings in a different region. Several

complementary methods of analysis have been applied. They all supported the association of

goat farming and pneumonia. This study highlights the previously identified epidemiological

association between goat farming and increased pneumonia risk to also be apparent for other

livestock-dense areas in the Netherlands.

Main findings

In UGO, on average 40% more pneumonia cases are diagnosed annually compared to the con-

trol area. In NB-L, 50–60% more pneumonia cases are diagnosed, as previously published by

Baliatsas et al. in 2020 [25], showing an average prevalence of about 2% in the primary study

area for the period 2014–2016. This is slightly higher than the average prevalence observed in

UGO, which was around 1.7%. Associations between residential distance to goat farms and the

occurrence of pneumonia found in UGO are in line with associations identified in NB-L.

The consistency of the associations is shown through similar findings for comparable study

areas. Both the study and control groups were selected on the basis of the same criteria as in

previous VGO-studies and both of them consisted of similar areas in terms of urbanicity (rural

areas). The positive association between living in the proximity of goat farms and pneumonia

in UGO is similar to the previously found association in NB-L and therefor strengthens the

conclusions from previous VGO-studies.

The presence of goat farming in the vicinity of communities cannot be the only explanation

of the relatively large increase of pneumonia diagnoses in livestock dense rural areas. Other

risk factors such as regional air pollution by fine dust (primary particulate matter and second-

ary inorganic aerosols) and endotoxin emission from other livestock farms may play a role as

well. The increased prevalence of pneumonia in UGO confirms the previously found increased

prevalence in a livestock dense region. Slight differences in the prevalence of pneumonia

between the study areas versus the control area could be caused by livestock farming but also

by other unknown factors. Since the UGO area was selected based on similar density of goat

farms and population, but less industry present, the results support a causal association with

goat farm exposures.

As a result of the Q-fever outbreak people could have developed a more negative attitude

towards livestock farming and an increased alertness for respiratory symptoms. However, the
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epicenter of the Q-fever outbreak was located in NB-L and the number of cases in UGO was

limited [29]. There has been debate whether attitude towards livestock farming could influence

people’s care seeking behavior. It was previously found that, in NB-L, residential exposure to

livestock was associated with fewer GP visits and self-reported symptoms for respiratory and

other conditions [29]. Effects of attitude towards livestock farming on pneumonia for the

NB-L GP patient population led to nondifferential misclassification of self-reported pneumo-

nia with regard to participants’ attitude. No indication was found that the association between

proximity to goat farms and pneumonia was modified by attitude [30].

Our interpretation that goat farming is associated with an increased pneumonia risk is

strengthened by the observations that herpes zoster, considered as a control diagnosis, was not

clearly associated with goat farming: the prevalence appeared not to be different between study

areas and the control area, and also no association with distances to goat farms or other live-

stock farms was found.

Strengths

GP diagnoses were used in this study, based on a large and reliable health care database [23].

Advantages to this approach are that a sufficiently large sample size from the general public is

obtained relatively easily, which is not biased by selection since the whole GP-registered popu-

lation is included in the analyses and each Dutch inhabitant is registered with only one GP in

the same residential area. Moreover all GP’s in the Netherlands register pneumonia on the

basis of the same classification system and diagnostic code. The quality of registration has been

checked and approved by a previously set standard [18]. However, misclassification, to some

extent, of the diagnosis pneumonia cannot be ruled out. Pneumonia is an infection of the

lower respiratory tract with inflammation of the alveoli and surrounding lung tissue. GP diag-

nosis of pneumonia is mostly based on clinical presentation only [23], since in the case of a

bacterial pneumonia there is a need for early antibiotic treatment and waiting for the results of

a thoracic X-ray (the golden standard for definitive diagnosis) takes too long. Therefore, in the

Netherlands, for uncomplicated cases of pneumonia confirmation by X-ray is not common

practice. Among participating GPs in both NB-L and UGO it was explored whether physicians

would unambiguously distinguish between pneumonia and acute bronchitis [31]. Providing

sufficient information, pneumonia was recognized as such by almost all participating GPs,

while the distinction with acute bronchitis seemed more difficult when provided with less

information or with an ambiguous C-reactive Protein (CRP) test result. Distinguishing bacte-

rial from viral pneumonia is not always clear cut and the causative agent remains almost

always unknown. These limitations, however, weigh the same for all participating GP’s in the

research areas and the control area.

For analyzing associations between residential distance to goat farms and pneumonia, a

random-effects meta-analysis was performed in which associations per GP are analyzed and

subsequently combined. Benefits of this method are that results per GP are presented and can

thus be interpreted, and absolute differences in prevalence of pneumonia between GP’s have

probably less impact on the found associations compared to analyzing all GPs together. A limi-

tation of this method is that GPs with relatively few goat farms in their proximity cannot be

included, because this limits the power to detect associations for those GPs, resulting in an

overall reduction of statistical power.

Therefore, in addition to the meta-analysis, a kernel analysis was used. In the kernel-analy-

sis the full study population is included. The advantage of this method is that the residential

distance to each individual livestock farm is included to model the probability of pneumonia,

with no pre-defined distances, while the meta-analysis looks at a number of pre-set buffers (i.e.

PLOS ONE Increased risk of pneumonia amongst residents living near goat farms in different livestock-dense regions

PLOS ONE | https://doi.org/10.1371/journal.pone.0286972 July 5, 2023 11 / 15

https://doi.org/10.1371/journal.pone.0286972


minimum of one goat farm within a 500m, 1000m or 2000m radius). A limitation of the ker-

nel-analysis is that the method requires considerable computing power. Overall, both methods

showed similar findings, except when zooming in on the distances defined at risk. But this was

not unexpected considering the higher level of precision that can be acquired with kernel-

analyses.

There is not one preferred method for these analyses. Comparable results between the anal-

ysis methods strengthen the separate analyses’ results and show the results are robust for the

underlying assumptions of the used models. Inconsistencies in results can occur due to a lack

of distinguishing abilities, choice in cut-off points for distances or the presence of multiple

livestock farms within a certain distance.

Limitations

Usage of GP data is limited by the amount of information available regarding possible con-

founding variables. Although the demography of UGO and control area are similar for main

characteristics such as age and sex. Previous research has shown that the influence of variables

such as smoking habits and socio-economic status on the associations between pneumonia

(among other outcomes) and residential distance to livestock farms (including goat farms) is

very limited [8,14,15]. Additional analysis showed that the association between residential dis-

tance to goat farms and pneumonia is not influenced by other possibly relevant local sources

of air pollution in UGO, specifically traffic related air pollution and living in the proximity of

other farms.

An additional source of uncertainty in the risk estimations is the exact location and size of

the farms. Any deviations in animal numbers from the BAB-data would result in non-differen-

tial misclassification of the exposure, leading to underestimation of the true risk for pneumo-

nia among neighboring residents of goat farms [32].

Future research

More insight into the mechanisms behind these observed epidemiological associations is

needed, in particular the cause of the excess risk needs to be identified. New research has

already been initiated and focuses on discovering what is causing these pneumonia cases

related to residential goat farm exposure [33]. This research includes patients with residential

goat farm exposure related pneumonia and compares them with a) patients with pneumonia

without residential goat farm exposure, b) healthy people with and without residential goat

farm exposure.

Also the effect of specific goat farm characteristics and goat farm management information

is considered to help explain the association. In our study there was no added effect measur-

able of farm size (i.e. number of goats). This might be due to a lack of power. The goat farming

industry is a relatively small livestock farming sector within the Netherlands compared to

other types of livestock farming (e.g. dairy cows, pig or poultry). Other explanations may be

differences between larger and smaller farms in for example farm management, herd health,

type of stable or compost management.

Possible temporal effects on the prevalence of pneumonia should also be further assessed. A

recent study showed no clear effect of season on the odds ratio of pneumonia amongst neigh-

boring residents of goat farms. Although pneumonia prevalence varies throughout the year,

the association between goat farm exposure and pneumonia seems to be not season-specific

[19]. Specific recurring events on goat farms, such as cleaning out the stables, handling com-

post or large animal movements, remain understudied and are analyzed as possible determi-

nants in ongoing research.
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Further findings that require more detailed research to fully understand are the associa-

tions, previously found, between pneumonia and poultry farms and, from this study (in the

kernel analysis), sheep farms. In previous studies the increased risk of pneumonia for people

living close to poultry farms was limited compared to goat farms and fluctuated over the years

[18]. Possible health effects remain a topic of interest in regions with a high density of poultry

farms, due to the relative high rates of particulate matter emission [34].

Conclusions

In the current study, we established that the increased risk for pneumonia when living in close

proximity to goat farms is consistent, not only throughout eleven consecutive years (2009–

2019), but also across different regions in the Netherlands. Therefore, we assume that the

observed associations are relevant for regions within the country. There seems to be an

unknown factor related to goat farming, that is associated with the risk of pneumonia. The

findings described previously and in our current analysis have led to a moratorium for new

goat farms and limited possibilities to expand for existing goat farms across the country. How-

ever, there is still no clear lead on what is causing this increased risk for pneumonia in relation

to residential exposure to goat farming. Follow up studies will address underlying causal fac-

tors or mechanisms are involved in the increased risk for pneumonia among people living in

close proximity to goat farms.
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nenden: onderzoek naar potentiële blootstelling en gezondheidsproblemen [Potentialeffects of

PLOS ONE Increased risk of pneumonia amongst residents living near goat farms in different livestock-dense regions

PLOS ONE | https://doi.org/10.1371/journal.pone.0286972 July 5, 2023 14 / 15

https://doi.org/10.1002/2017GH000103
http://www.ncbi.nlm.nih.gov/pubmed/32158992
https://doi.org/10.1016/j.envpol.2016.12.023
http://www.ncbi.nlm.nih.gov/pubmed/28043740
https://doi.org/10.1007/s40572-015-0061-0
http://www.ncbi.nlm.nih.gov/pubmed/26231503
https://doi.org/10.1016/j.ijheh.2017.10.019
http://www.ncbi.nlm.nih.gov/pubmed/29133137
https://doi.org/10.1164/rccm.201701-0021OC
https://doi.org/10.1164/rccm.201701-0021OC
http://www.ncbi.nlm.nih.gov/pubmed/28489427
https://doi.org/10.1136/oemed-2017-104769
http://www.ncbi.nlm.nih.gov/pubmed/29712724
https://doi.org/10.1097/EE9.0000000000000013
https://doi.org/10.1016/j.ijheh.2017.12.005
http://www.ncbi.nlm.nih.gov/pubmed/29268955
https://doi.org/10.1016/j.envint.2019.104911
https://doi.org/10.1016/j.envint.2019.104911
http://www.ncbi.nlm.nih.gov/pubmed/31238264
https://doi.org/10.1136/oemed-2013-101485
http://www.ncbi.nlm.nih.gov/pubmed/24142990
https://doi.org/10.1016/j.envint.2019.105426
http://www.ncbi.nlm.nih.gov/pubmed/31881422
https://doi.org/10.1371/journal.pone.0038843
http://www.ncbi.nlm.nih.gov/pubmed/22685612
https://doi.org/10.1371/journal.pone.0174796
http://www.ncbi.nlm.nih.gov/pubmed/28362816
https://doi.org/10.1371/journal.pone.0286972


intensive livestock farming on health of local residents: research into potentialexposures and health

problems]. Utrecht: IRAS UU, Nivel & RIVM. 2011. https://doi.org/10.21945/RIVM-2017-0062

17. Hagenaars T, Hoeksma P, de Roda Husman AM, Swart A, Wouters I. Veehouderij en Gezondheid

Omwonenden (aanvullende studies): Analyse van gezondheidseffecten, risicofactoren en uitstoot van

bio-aerosolen. Livestock Farming and the Health of Local Residents (supplementary studies): Analysis

of health effects, risk factors and emissions of bioaerosols. 2017.

18. IJzermans C.J., Smit L.A.M., Heederik D.J.J., Hagenaars T.J. Veehouderij en gezondheid omwonen-

den III: longontsteking in de nabijheid van geiten- en pluimveehouderijen in Brabant en Limburg; actuali-

sering 2014–2016. 2018.

19. Yzermans CJ, Spreeuwenberg P, Moleman YP, Nielen M, Dückers M, Smit L, et al. Risk of pneumonia

in the vicinity of goat farms: a longitudinal assessment of temporal variation. [Manuscript submitted for

publication].

20. Kalkowska DA, Boender GJ, Smit LAM, Baliatsas C, Yzermans J, Heederik DJJ, et al. Associations

between pneumonia and residential distance to livestock farms over a five-year period in a large popula-

tion-based study. PLoS One. 2018; 13: e0200813. https://doi.org/10.1371/journal.pone.0200813 PMID:

30016348

21. Hoek Wvd, Dijkstra F, Schimmer B, Schneeberger PM, Vellema P, Wijkmans C, et al. Q fever in the

Netherlands: an update on the epidemiology and control measures. Eurosurveillance. 2010; 15: 19520.

https://doi.org/10.2807/ese.15.12.19520-en PMID: 20350500

22. Post PM, Hogerwerf L, Huss A, Petie R, Boender GJ, Baliatsas C, et al. Risk of pneumonia among resi-

dents living near goat and poultry farms during 2014–2016. PLoS One. 2019; 14: e0223601. https://doi.

org/10.1371/journal.pone.0223601 PMID: 31609989

23. Verheij RA. NIVEL Zorgregistraties Eerste Lijn: Huisarts. [Netherlands Primary Care Database: General

Practitioners]. Utrecht: NIVEL. Available: https://www.nivel.nl/en/nivel-primary-care-database.

24. Lamberts H, Wood M. International Classification of Primary Care. Oxford: Oxford University Press.;

1987.

25. Baliatsas C, Dückers M, Smit LAM, Heederik D, Yzermans J. Morbidity Rates in an Area with High Live-

stock Density: A Registry-Based Study Including Different Groups of Patients with Respiratory Health

Problems. International Journal of Environmental Research and Public Health. 2020;17. https://doi.org/

10.3390/ijerph17051591 PMID: 32121551

26. Huijskens EGW, Smit LAM, Rossen JWA, Heederik D, Koopmans M. Evaluation of Patients with Com-

munity-Acquired Pneumonia Caused by Zoonotic Pathogens in an Area with a High Density of Animal

Farms. Zoonoses Public Health. 2015; 63: 160. https://doi.org/10.1111/zph.12218 PMID: 26214299

27. de Hoogh K, Chen J, Gulliver J, Hoffmann B, Hertel O, Ketzel M, et al. Spatial PM2.5, NO2, O3 and BC

models for Western Europe—Evaluation of spatiotemporal stability. Environ Int. 2018; 120: 81–92.

https://doi.org/10.1016/j.envint.2018.07.036 PMID: 30075373

28. [Anonymous]. Vanhommerig, J.. Jaarcijfers aandoeningen—Huisartsenregistraties. Uit: www.nivel.nl

[Laatst gewijzigd op 21-12-2022; geraadpleegd op 23-12-2022]. URL: https://www.nivel.nl/nl/nivel-

zorgregistraties-eerste-lijn/jaarcijfers-aandoeningen-huisartsenregistraties.

29. Roest HIJ, Tilburg JJHC, Hoek WVD, Vellema P, Zijderveld FGV, Klaassen CHW, et al. The Q fever

epidemic in The Netherlands: history, onset, response and reflection. Epidemiology & Infection. 2011;

139: 1–12. https://doi.org/10.1017/S0950268810002268 PMID: 20920383

30. Borlée F, Yzermans J, Oostwegel F, Schellevis F, Heederik D, Smit L. Attitude toward livestock farming

does not influence the earlier observed association between proximity to goat farms and self-reported

pneumonia. Epidemiology. 2019; 3: 1. https://doi.org/10.1097/EE9.0000000000000041 PMID:

33778336

31. Smit L, Huss A, Jacobs J, Baliatsas C, Dückers M, Boender GJ, McCarthy C, Hagenaars T, Yzermans

J, Heederik D. VGO III | Longontsteking in de nabijheid van veehouderijen in Gelderland, Overijssel en

Utrecht [pneumonia in the proximity of goat and poultry farms in the provinces of Gelderland, Overijssel

and Urecht in The Netherlands]. IRAS nov 2019.

32. Armstrong BG. Effect of measurement error on epidemiological studies of environmental and occupa-

tional exposures. Occup Environ Med 1998; 55:651–656. 1998. https://doi.org/10.1136/oem.55.10.651

PMID: 9930084

33. [Anonymous]. Livestock farming and residential health | RIVM. Available: https://www.rivm.nl/en/

livestock-farming-and-health/livestock-farming-and-residential-health.

34. de Steenhuijsen Piters WAA, Sanders EAM, Bogaert D. The role of the local microbial ecosystem in

respiratory health and disease. Philos Trans R Soc Lond B Biol Sci. 2015; 370: 20140294. https://doi.

org/10.1098/rstb.2014.0294 PMID: 26150660

PLOS ONE Increased risk of pneumonia amongst residents living near goat farms in different livestock-dense regions

PLOS ONE | https://doi.org/10.1371/journal.pone.0286972 July 5, 2023 15 / 15

https://doi.org/10.21945/RIVM-2017-0062
https://doi.org/10.1371/journal.pone.0200813
http://www.ncbi.nlm.nih.gov/pubmed/30016348
https://doi.org/10.2807/ese.15.12.19520-en
http://www.ncbi.nlm.nih.gov/pubmed/20350500
https://doi.org/10.1371/journal.pone.0223601
https://doi.org/10.1371/journal.pone.0223601
http://www.ncbi.nlm.nih.gov/pubmed/31609989
https://www.nivel.nl/en/nivel-primary-care-database
https://doi.org/10.3390/ijerph17051591
https://doi.org/10.3390/ijerph17051591
http://www.ncbi.nlm.nih.gov/pubmed/32121551
https://doi.org/10.1111/zph.12218
http://www.ncbi.nlm.nih.gov/pubmed/26214299
https://doi.org/10.1016/j.envint.2018.07.036
http://www.ncbi.nlm.nih.gov/pubmed/30075373
http://www.nivel.nl
https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/jaarcijfers-aandoeningen-huisartsenregistraties
https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/jaarcijfers-aandoeningen-huisartsenregistraties
https://doi.org/10.1017/S0950268810002268
http://www.ncbi.nlm.nih.gov/pubmed/20920383
https://doi.org/10.1097/EE9.0000000000000041
http://www.ncbi.nlm.nih.gov/pubmed/33778336
https://doi.org/10.1136/oem.55.10.651
http://www.ncbi.nlm.nih.gov/pubmed/9930084
https://www.rivm.nl/en/livestock-farming-and-health/livestock-farming-and-residential-health
https://www.rivm.nl/en/livestock-farming-and-health/livestock-farming-and-residential-health
https://doi.org/10.1098/rstb.2014.0294
https://doi.org/10.1098/rstb.2014.0294
http://www.ncbi.nlm.nih.gov/pubmed/26150660
https://doi.org/10.1371/journal.pone.0286972

