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A B S T R A C T

We previously observed an increased incidence of pneumonia in persons living near goat and poultry farms,
using animal presence around the home to define exposure. However, it is unclear to what extent individual
mobility and time spent outdoors close to home contributes to this increased risk. Therefore, the aim of the
current study was to investigate the role of mobility patterns and time spent outdoors in the vicinity of goat or
poultry farms in relation to pneumonia risk.

In a rural Dutch cohort, 941 members logged their mobility using GPS trackers for 7 days. Pneumonia was
diagnosed in 83 subjects (participants reported that pneumonia had been diagnosed by a medical doctor, or
recorded in EMR from general practitioners, 2011–2014). We used logistic regression to evaluate pneumonia-
risk by presence of goat farms within 500 and 1000m around the home and around GPS-tracks (only non-
motorised mobility), also we evaluated whether more time spent outdoors increased pneumonia-risks.

We observed a clearly increased risk of pneumonia among people living in close proximity to goat farms, ORs
increased with closer distances of homes to farms (500m: 6.2 (95% CI 2.2–16.5) 1000m: 2.5 (1.4–4.3)) The risk
increased for individuals who spent more time outdoors close to home, but only if homes were close to goat
farms (within 500m and often outdoors: 12.7 (3.6–45.4) less often: 2.0 (0.3–9.2), no goat farms and often
outdoors: 1.0 (0.6–1.6)). For poultry we found no increased risks.

Pneumonia-risks increased when people lived near goat farms, especially when they spent more time out-
doors, mobility does not seem to add to these risks.

1. Introduction

The Netherlands is a densely populated country with a land surface
of 41.500 km2 (www.cbs.nl, n.d.-a) and a population of approximately
17 million people (www.cbs.nl, n.d.-b). Intensive farming in the
Netherlands is an important economic activity and the country has a
large livestock population of approximately 124 million animals (data
from 2016: 0.5 million goats, 0.8 million sheep, 4.3 million cattle, 12.5
million pigs, 105.5 million poultry) (www.cbs.nl, n.d.-c), clustered in
specific areas (Fig. 1). Associations between livestock animals and the

potential for zoonotic disease transmissions have come to attention
globally (Klous et al., 2016). Given the close proximity of people and
livestock, the Netherlands is considered to be at high risk for the
emergence of livestock-associated zoonotic diseases (Jones et al.,
2008). This was illustrated in the past decade by the presence of anti-
biotic resistant bacteria in livestock animals with spill-over to humans
(Graveland et al., 2011; Wielders et al., 2017) and the largest reported
Q-fever outbreak to date, originating from infected pregnant goats (Van
Der Hoek et al., 2012). These events have renewed interest into the
potential effects of livestock production on human health, which led to
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the start of the large “Farming and Neighbouring Residents' Health”
study in 2012 (Dutch acronym: VGO). The main goal of this study is to
investigate whether living in the vicinity of livestock farms has an
impact on the health of residents (Borlée et al., 2015).

The main findings of the VGO study include a significantly increased
incidence of pneumonia among people living close to goat and poultry
farms (odds ratios 4.4 and 2.0 for persons living within 500m and
1000m of a goat farm and 1.3 and 1.7 for living within 500m and

1000m of a poultry farm). However, this increased risk was not ob-
served for other farms such as cattle and pig farms (Freidl et al., 2017;
Smit et al., 2017). Freidl et al. used the home address as a proxy of
exposure. However, people are mobile which might also be relevant for
their exposure. We recently assessed the daily mobility (Klous et al.,
2017) of a representative subsample (Supp. Table 1, (Borlée et al.,
2015; Freidl et al., 2017; Borlée et al., 2017)) of the VGO cohort study
to enable exploring differences in exposure to livestock based on the

Fig. 1. Livestock in the Netherlands and the rural situation in the research area, all forms of livestock keeping practices are shown in both maps. Top panel, ‘Livestock in the Netherlands’:
darker shades of purple indicate higher densities of livestock keeping farms. Livestock farms are clustered in specific areas (Bieleman, 2008). Within our research area, bottom panel,
‘VGO area’, you find a very dense, diverse (De Rooij et al., 2017) livestock population. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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home address and on mobility patterns.
The aim of the current study was to investigate the role of mobility

patterns and time spent outdoors in the vicinity of goat or poultry farms
in relation to pneumonia risk.

2. Methods

2.1. Population and health data

Participants in the VGO cohort (N=2494) were living in a rural
area in the south-eastern part of the Netherlands (Fig. 1). Farmers and
people living or working on farms were excluded a priori, since the
focus was on the health of residents living in the vicinity of farms. VGO
cohort members underwent a medical examination (lung function
measurements, blood, nasal- and buccal-epithelia collection, stool
sample) in a field study that took place between March 2014 and
February 2015. During this medical examination, participants also
filled in a baseline questionnaire (VGO questionnaire), including
questions about personal characteristics, health and lifestyle (Borlée
et al., 2015; Freidl et al., 2017).

Additional health information for 2426 out of the 2494 (97%)
participants was obtained from electronic medical records (EMR) of 27
participating general practitioners (GPs). In the Netherlands, every ci-
tizen is obliged to register with a general practitioner who acts as
gatekeeper to specialised care. EMR data was used in the study if

permission was granted from participants and specific quality criteria
for registering were met by GPs. The quality requirements to be met be
GPs are broadly as follows: 1) GPs were required to register health data
in the EMR using the codes defined in the International Classification of
Primary Care (ICPC) (Lamberts and Wood, 1987); 2) ICPC codes had to
be assigned to at least 50% of the records in the EMR; and 3) GP
practices recorded consultations for> 6months during a year (Borlée
et al., 2015; Smit et al., 2012; van Dijk et al., 2017). Sixty-eight of the
2494 VGO participants were excluded from analysis because either
EMR access was refused or EMR data was not available. Therefore, the
final population of the VGO study was 2426 individuals (Freidl et al.,
2017), of which 2370 (98%) provided consent to be contacted for
subsequent research. Subsequent to the VGO study, multiple follow-up
studies were initiated (ESBL screening, COPD follow-up). If people were
not invited for these other studies, they were invited for the current
(GPS) study. Participants of the COPD follow-up were afterwards also
invited to participate in the GPS study. Therefore, from the VGO po-
pulation, 1517 participants were invited for the GPS study and a total of
1014 invitees (66.8%) agreed to participate (Klous et al., 2017). Med-
ical Ethical approval was obtained for the VGO study from the Medical
Ethical Committee of the University Medical Centre Utrecht (protocol
number 13/533).

Fig. 2. Data cleaning flowchart.
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2.2. Pneumonia case definition

People were considered to be diagnosed with pneumonia if they
reported a physician-diagnosed pneumonia in the past three years in
the VGO questionnaire. In addition, EMRs were reviewed for a GPs
registration of pneumonia within the last three years (ICPC code R81)
(Lamberts and Wood, 1987). If participants did not report a pneumonia
in the VGO questionnaire, but R81 was registered in their EMR between
2011 and 2015, these participants were also considered as pneumonia
cases.

2.3. Global Positioning System (GPS) data and self-reported time spent
outdoors, data collection and cleaning

The procedures of the VGO GPS study are described in more detail
in Klous et al. (2017). In brief, between September 2014 and January
2016, 1014 volunteers logged their movements by carrying a GPS
logger for 7 consecutive days. GPS devices were set to a one-second
interval and only logged when the devices were moved. A total of 941
GPS tracks were available for the current analyses. The main reasons for
exclusion were primarily device configuration errors (5 s instead of 1 s
sampling interval, N=13), GPS device failure (N=14), or postal er-
rors, an overview is given in Fig. 2. Based on GPS measured speed
patterns, transport modes were assigned to GPS points that were lo-
cated outdoors (Klous et al., 2017; Huss et al., 2014). Indoors/outdoors
assignment of GPS locations was done using the participants' home
address coordinates using cadastral data from the Netherlands (BAG
data 2015) (see Fig. 3 for an overview of GPS data processing). As-
signed transport modes were walking, biking, or motorised transport.

Before GPS logging, participants filled in a questionnaire (Q1)
containing questions on the number of hours per week they spent
outdoors close to their homes (“in a usual week how many hours do you
spend outdoors close to home e.g. gardening, care for animals, do-it-
yourself activities, sitting in the garden”) (Klous et al., 2017). As we
used a 60m buffer around the home address to assign a GPS point as
being indoors or outdoors (Klous et al., 2017), time spent outdoors
while remaining close to home could not be determined solely using
GPS measurements. Therefore, we used answers to the question about
time spent outdoors while close to home to specify these durations.

2.4. Geographic Information System (GIS) analyses

2.4.1. Animals in the vicinity of the home address and GPS-measured
mobility

In line with the previous analysis by Freidl et al. (2017), we used the
database of livestock-keeping companies (Dutch abbreviation: BVB-
database) 2015 to assess how many goats and poultry were registered
within 500m and 1000m distances around home addresses. The BVB
registry includes permit registrations for farms, with information per-
taining to location of the farm, and types and numbers of animals
(Noord-Brabant, n.d.; Limburg, n.d.). In concordance with Freidl et al,
to evaluate the presence or absence of goats or poultry in the vicinity of
the homes for our main analysis, we required a minimum of 50 goats or
250 chickens in our distance categories of 500 and 1000m (Freidl et al.,
2017). The number of animals required for a farm to be officially re-
gistered as such. Note that according to Statistics Netherlands,> 98%
of animals registered as ‘poultry’ are chicken therefore we assume that
all records of poultry refer to chicken (www.cbs.nl, n.d.-c; www.wur.nl,
n.d.).

Of all participants' location coordinates measured with GPS, we only
evaluated those that related to active transport modes (outdoor points
grouped as ‘walking’ or ‘biking’), as these were assumed to be relevant
for exposure to the outdoor environment. Any GPS coordinate that fell
within 500m or 1000m of any goat or poultry farm was classified as
“exposed”. We then summarised per person the amount of time spent
outdoors in “exposed” locations, or if all GPS locations could be

grouped as “unexposed”.

2.4.2. Self-reported time spent outdoors close to home
We used questionnaire data about time spent outdoors to assign the

duration of time spent outdoors close to home. Based on the median
duration (3.5 h/week) that participants reported to spend outdoors
close to home (e.g. gardening, care for animals, do-it-yourself activities,
sitting in the garden), this variable was dichotomised (0–3.5 h/week
versus> 3.5–62.5 h/week).

2.5. Statistical analyses

We evaluated pneumonia risk related to the presence of goat and
poultry farms within 500 or 1000m of either the home address, GPS
track (GPS-measured “exposed” active mobility: walking or biking), or
both. We further evaluated whether time spent outdoors close to home
while living close to farms had an effect on pneumonia risk. We used
logistic regression to evaluate pneumonia risk, adjusted for age, sex,
educational level (low, medium, high) and smoking status (current,
ever, never). Some people might be exposed to both goats and poultry,
and the corresponding Spearman's correlation coefficients for number
of registered goats and chicken within 500 and 1000m were 0.37 and
0.31, respectively. We therefore adjusted our main analysis also for
presence or absence of the respective other animal type near home.

2.6. Sensitivity analyses

We performed several sensitivity analyses.

(A) Animal intensity: In our main analysis we considered 50 goats or
250 chickens as cut-off to indicate farms. This implies that some
participants may be categorised as unexposed, while they could
have been exposed to lower numbers of animals in the vicinity of
their homes. Therefore, we performed sensitivity analyses on the
number of animals registered within the 500 or 1000m distance
buffer around participants' homes. In this analysis, we assigned
“low” animal intensity category to persons living within 500 or
1000m from farms with 1–49 goats or 1–249 chickens. We ad-
ditionally categorised animal intensity as “medium” or “high”, by
applying the cut-off at the median of registered animal numbers
(1659 and 384 goats within 500 and 1000m, respectively and
13,480 and 37,160 chickens within 500 and 1000m, respectively).
This means we assigned “medium” animal intensity for the re-
sidential presence of goats and poultry if participants lived within
500 or 1000m of 50–1658 or 50–383 goats or 250–13,479 or
250–37,159 chickens, or “high” for living within 500 or 1000m
from ≥1659–3250 goats or ≥384–5015 goats, or
≥13,480–290,600 chickens or ≥37,160–694,900 chickens, re-
spectively. See Supp. Table 2 for a summary of the used cut-offs.

(B) Case definition: We restricted our pneumonia cases to participants
with an R81 registration (pneumonia) in their GPs electronic
medical records (N=55, 66% of cases based on the original case
definition).

(C) Spline analysis: We explored the shape of the association between
pneumonia risk and total time spent outdoors in the vicinity of goat
or poultry farms using penalised regression splines applying the
(default) ‘thin plate’ basis of the R package mgcv (mixed general-
ised additive model computation vehicle). For these analyses, all
‘goat-exposed time’ was combined, so GPS-measured ‘exposed’ ac-
tive mobility (walking, biking) was added to self-reported ‘exposed’
time spent outdoors close to home, thus accumulating into one
‘exposed time variable’. This was done separately for the different
buffer sizes (500 or 1000m). We also performed the same analysis
for exposure to poultry farms.

(D) Full VGO cohort: We repeated our main analysis in the full VGO
cohort using the VGO baseline questionnaire to extract information
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on time spent outdoors close to home. In this analysis, the same
case definition was applied as for the GPS study.

(E) Invitation selection and non-responder analyses, we compared in-
vited and non-invited VGO cohort members and participants and

invited non-responders for: outcome category, age, gender, edu-
cational level, smoking status and goat and poultry exposure.

All statistical analyses were performed using R (3.2.3), and all GIS

Fig. 3. Schematic of GPS data processing.
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analyses were performed with ArcGIS ArcMap 10.2 (ESRI, Redlands,
CA, USA) and automated using Python 2.7.

3. Results

The average age of the 941 participants was 57 years (range
20–72 years) and 55% of the participants were women. A total of, 26
(3%) participants lived within 500m of a goat farm, 116 (12%) within
1000m of a goat farm and 151 (16%) and 416 (44%) within 500m and
1000m of a poultry farm, respectively. Overall, 83 participants (8.8%)
reported a pneumonia diagnosis in the past three years (2011–2015) or
reported to have been diagnosed by their GP with pneumonia (of which
55 [66% of total cases] had an R81 registration in the EMR). Of cases,
65% were female (N=54) and their average age was 60 years (range
31–72 years), see Table 1. The subsample of individuals with GPS tracks
did not differ significantly in terms of age, sex educational level and
smoking habits from the total VGO cohort. There was however a dif-
ference in exposure categories, this is mainly explained by differences
in sizes of the non-exposed groups (Supplementary Table 1). Between
invited and non-invited VGO cohort members we observed a significant
difference in group sizes of exposed participants (Supplementary
Table 10). There was only a minor difference observed for age and
smoking status between participants and non-responders of the VGO
GPS study (Supplementary Table 11).

3.1. Goats

We found a distance-related increased risk for pneumonia asso-
ciated with the presence of goats (see Table 2, unadjusted results are
shown in Supp. Table 3). If people lived within 500m of a farm with at
least 50 goats, they had 6.2 times higher odds to be diagnosed with
pneumonia (OR 6.2 (95% CI 2.2–16.5) and for a farm with at least 50
goats within 1000m of the home the OR was 2.5 (95% CI 1.4–4.3). If
the number of animals was categorised into “low”, “medium” and
“high” categories (using farms with ≥50 animals and the median as
cut-offs) an exposure-response trend was observed with an increasing
risk for pneumonia with increasing categories of animal intensity (OR
1.0 for “low” and 2.5 for “high” goat intensity, there were no pneu-
monia cases within the “median” category (Supp. Table 3)). This re-
lationship could only be observed for farms with goats within 1000m of
the home, since a similar analysis was not possible for goats within
500m around the home because there were too few cases in the “low”
and “medium” groups (1–49, 50-median).

Only a marginal change in the goat-associated risk for pneumonia
was observed when mobility was taken into account (using 500m
buffers, OR 6.21 [95% CI 2.2–16.9] for animals close to the home ad-
dress plus mobility versus OR 6.15 [95% CI 2.2–16.5] for animals close

to the home address only). When we calculated the risk for pneumonia
in relation to active mobility only (based on GPS monitoring), we found
an OR of 1.03 (95% CI 0.6–1.7). However, when time spent outdoors in
the vicinity of the home (i.e. primarily gardening) was taken into ac-
count, we observed increasing risks of pneumonia when people were
living within 500m and 1000m of goat farms. People living within
500m of a goat farm who spent long periods in their garden had an OR
of 12.7 (95% CI 3.6–45.4), based on 7 cases and 7 controls, which was
larger than that observed for people who spent shorter periods in their
garden (OR 2.0 [95% CI 0.3–9.2], based on 2 cases, 10 controls). No
increased risks were observed for people who spent long periods in their
gardens in unexposed locations, ORs were 1.0 for both 500 (95% CI
0.6–1.6) and 1000m (95% CI 0.6–1.7) distance categories. For people
living within 1000m of a goat farm similar effects were observed. When
people spent longer periods outdoors the OR was higher (OR 3.0 [95%
CI 1.4–6.2] versus OR 1.9 [95% CI 0.8–4.1]). Similar patterns were
observed when we restricted our cases to pneumonia cases registered in
the GP electronic medical records (Supp. Table 5) or when we analysed
the complete VGO population (Supp. Table 7).

3.2. Poultry

No statistically significantly increased pneumonia risks were ob-
served for people living close to farms with 250 or more chickens in the
vicinity of their home, (OR 1.1 [95% CI 0.6–2.1] for poultry within
500m, OR 1.1 [95% CI 0.7–1.8] for poultry within 1000m) (see
Table 3 and Supp. Table 4). ORs were above unity but not statistically
significant for participants exposed at home and during active mobility.
More time spent on mobility in exposed locations resulted in an OR of
1.5 (95% CI 0.8–3.2) for a poultry farm within 500m of a GPS track, for
farms within 1000m of the GPS track no such effect was observed.
When we analysed re-categorised poultry density categories, based on
number of chickens, we did not observe an exposure-response increase
in pneumonia risk for higher chicken density (see Supp. Table 4). In
addition, risk estimates for pneumonia from the presence or absence of
poultry were attenuated when we adjusted for the presence of goats.

3.3. Spline analyses

Spline analyses suggested a linear association between total time
spent outdoors in the vicinity of goat farms (both within 500 and
1000m) and increased risks for pneumonia. This relationship again was
stronger for the presence of goat farms within 500m of the home when
more time was spent outdoors. However, the confidence intervals of the
splines were very wide, especially for those participants who spent the
most time outdoors (Fig. 4a and b). For poultry, these relationships
were not observed, in line with the outcomes of the logistic regression
analyses (Fig. 4c and d).

4. Discussion

We observed an increased risk of pneumonia in people living in
close proximity to goat farms. ORs increased with closer distances of
homes to farms and with increasing categories of animal intensity.
Active mobility in the vicinity of goat farms only marginally added to
pneumonia risk. However, the risk was increased for individuals who
spent more time outdoors close to their home, but only if their homes
were located in close proximity (i.e. within 500 or 1000m) to goat
farms. Pneumonia risks for poultry farms in the vicinity of homes,
during active mobility or for time spent outside was above unity but not
statistically significantly elevated.

The observed increased risk of pneumonia in persons living close to
goat farms is in line with the observation from Freidl et al. (2017),
which is reassuring given that we analysed a subgroup of the VGO
study. A few years before this study, between 2007 and 2009, the area
had experienced the largest described Q-fever epidemic to date (Van

Table 1
General characteristics of study population.

Variable Pneumonia cases Controls

Number of participants (N=) 83 858
Age (mean (range)) 60 (31–72) 57 (20–72)
Gender (females (%)) 54 (65%) 464 (54%)
Education (N=(%)) Low 30 (36%) 202 (24%)

Medium 32 (39%) 392 (46%)
High 21 (25%) 264 (31%)

Smoking (N=(%)) Never 25 (30%) 352 (41%)
Former 52 (63%) 435 (51%)
Current 6 (7%) 68 (8%)
No data 3 (0.3%)

Time spent outdoors close to home
(hours/week (median, IQR))

4.0 (2.0–7.0) 3.5 (1.5–7.5)

Time walking (min/week (median IQR)) 19.8 (8.4–40.2) 19.7 (7.8–55.2)
Time biking (min/week (median IQR)) 76.3

(17.4–140.1)
59.9 (15.9–147.6)
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Der Hoek et al., 2012). It has been suggested that previous infection
with Coxiella burnetii (the causative agent of Q-fever) may add an in-
creased sensitivity to other infectious agents (Hussain-Yusuf et al.,
2012; Marmion et al., 2009; Raoult et al., 2005; Waag, 2007; Keijmel
et al., 2016; Hatchette et al., 2003; Morroy et al., 2011). It is relevant to
note that at the time of our study, Q-fever incidence had dropped again
to pre-epidemic levels (Freidl et al., 2017). Moreover, all study parti-
cipants underwent serological testing for antibodies against C. burnetii,
as part of the health assessment of the VGO study (Borlée et al., 2017).
In line with previous research (Freidl et al., 2017), we re-evaluated Q-
fever serology and did not observe different levels of C. burnetii anti-
bodies between people who had experienced pneumonia in the past
three years and those who had not. This means that it is unlikely that a
present or past Q-fever epidemic is underlying the increased pneumonia
risk observed in our study. Few indications exist for other zoonoses that
originate from goats. Rodolakis (2014) reviewed zoonoses from goats
and identified two other agents that can potentially cause pneumonia in
humans; Chlamydia abortus and Pasteurella multocida (Rodolakis, 2014).
C. abortus is mainly a risk for pregnant women and has previously only

been reported once in the Netherlands (Meijer et al., 2004). P. multocida
can cause pneumonia, but is more often isolated from skin lesions
(Mohamed and Abdelsalam, 2008) and has, to the best of our knowl-
edge, so far never been isolated in the Netherlands. Overall, we were
limited in our ability to explore the potential for these or other agents
(e.g. viruses (Kallio-Kokko et al., 2005; Li et al., 2014), fungi (Libshitz,
1981) originating from the straw that is used inside stables (Hogerwerf
et al., 2012), or thermophile fungi or bacteria originating from manure
applied to the surrounding land (van den Brom et al., 2013)) as the
underlying cause of pneumonia, given the lack of data regarding pre-
sence or absence of these agents.

We observed that active mobility close to goat or poultry farms did
not strongly affect risk estimates and risk estimates were mainly driven
by living close to goat farms. This might be due to the fact that total
time in active transport was rather limited (20min/week walking, 1 h/
week biking) as was the time while in close distance to a farm while in
active transport (Supp. Table 8), compared to time spent gardening
(median 3.5 h/week).

Risks were more pronounced for people living close to goat farms

Table 2
Pneumonia risk and presence of goats (50 goats or more) within 500 and 1000m of the home, within 500 and 1000m of the GPS track when walking or biking and within 500 and 1000m
of the home while being outdoors (gardening).

Goats 500m buffer 1000m buffer

Cases
N=83

Controls
N=858

Adj OR (95% CI) Cases
N=83

Controls
N=858

Adj OR (95% CI)

Home buffers only Goats in vicinity of home 9 17 6.2 (2.2–16.5) 23 119 2.5 (1.4–4.3)
No Goats in vicinity of home 74 841 Ref. 60 739 Ref.

Animals close to home+while in transporta Goats in vicinity of home and GPS track 9 17 6.2 (2.2–16.9) 22 118 2.5 (1.3–4.7)
Only goats in vicinity GPS track 21 219 1.0 (0.6–1.7) 30 330 1.1 (0.6–1.9)
No goats in vicinity of home and GPS track 53 622 Ref. 30 409 Ref.

Outdoors close to home Goats in vicinity of home, long period outdoors 7 7 12.7 (3.6–45.4) 14 56 3.0 (1.4–6.2)
Goats in vicinity of home, short period outdoors 2 10 2.0 (0.3–9.2) 9 63 1.9 (0.8–4.1)
No goats in vicinity of home, long period outdoors 37 407 1.0 (0.6–1.6) 30 358 1.0 (0.6–1.7)
No goats in vicinity of home, short period
outdoors

37 434 Ref. 30 381 Ref.

ORs and 95% CI's are provided for animal presence categories in the different models, ORs are adjusted for age, sex, educational status, smoking and presence of poultry in the vicinity of
the home within the distance used in the analysis. We used the non-exposure category for all analyses as reference category. This means we used “No goats in vicinity of home and GPS
track” as reference for the analysis “Animals close to home+while in transport”, because this enabled comparison of all separate categories. For the analysis “Outdoors close to home”,
we used “No goats in vicinity of home, short period outdoors” as reference, again to enable comparison of all separate categories in the analyses.

a One case and 1 control were removed from the analysis using 1000m buffers because of power limitations, these fell within the category “Goats in vicinity of home, no goats in
vicinity of GPS track”.

Table 3
Pneumonia risk and presence of poultry (250 chickens or more) within 500 and 1000m of the home, within 500 and 1000m of the GPS track when walking or biking and within 500 and
1000m of the home while being outdoors (gardening).

Poultry 500m buffer 1000m buffer

Cases
N=83

Controls
N=858

Adj OR (95% CI) Cases
N=83

Controls
N=858

Adj OR (95% CI)

Home buffers only Poultry in vicinity of home 19 132 1.1 (0.6–2.1) 55 512 1.1 (0.7–1.8)
No poultry in vicinity of home 64 726 Ref. 28 346 Ref.

Animals close to home+while in transporta Poultry in vicinity of home and GPS track 18 131 1.4 (0.6–3.5) 55 512 1.0 (0.3–6.5)
Only poultry in vicinity GPS track 54 559 1.5 (0.8–3.2) 26 317 0.9 (0.3–6.1)
No poultry in vicinity of home and GPS track 10 167 Ref. 2 29 Ref.

Outdoors close to home Poultry in vicinity of home, long period outdoors 10 63 1.2 (0.5–2.8) 31 245 1.1 (0.6–2.2)
Poultry in vicinity of home, short period outdoors 9 69 1.1 (0.4–2.6) 24 267 0.8 (0.4–1.7)
No poultry in vicinity of home, long period
outdoors

34 351 1.1 (0.6–1.8) 13 169 0.8 (0.4–1.7)

No poultry in vicinity of home, short period
outdoors

30 375 Ref. 15 177 Ref.

ORs and 95% CI's are provided for animal presence categories in the different models, ORs are adjusted for age, sex, educational status, smoking and presence of goats in the vicinity of the
home within the distance used in the analysis. We used the non-exposure category for all analyses as reference category. This means we used “No poultry in vicinity of home and GPS
track” as reference for the analysis “Animals close to home+while in transport”, because this enabled comparison of all separate categories. For the analysis “Outdoors close to home”,
we used “No poultry in vicinity of home, short period outdoors” as reference, again to enable comparison of all separate categories in the analyses.

a One case and 1 control were removed from the analysis using 500m buffers because of power limitations, these fell within the category “Poultry in vicinity of home, no poultry in
vicinity of GPS track”.
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who spent more time outdoors close to home (primarily on gardening),
however the number of cases and controls in this group was very lim-
ited. Still, time spent outdoors in locations that were not close to goat
farms did not translate into increased risks, which suggests that gar-
dening as such is not a risk factor. The spline analyses we performed
also showed that more time spent outdoors in the vicinity of goat farms
seemed to be associated with an increasing pneumonia risk (Fig. 4a and
b). The association between time spent outdoors close to home in the
vicinity of goat farms and pneumonia risk also remained present when
we performed this analysis in the full VGO cohort (N=2426). We
observed similar patterns (Supp. Table 7), strengthening the notion that
pneumonia risks were associated with time spent outdoors in locations
close to goat farms.

For poultry in the vicinity of homes we observed a small, statisti-
cally non-significant increase of risk for pneumonia. Observed risks are

in line with an earlier analysis among>100,000 individuals using
EMR data in the same region (Smit et al., 2017). The authors speculated
that dust and endotoxin emissions from poultry might explain this ex-
cess risk (Smit et al., 2017), since fine dust is a known causative agent
for pneumonia (Cheng et al., 2008) and other lung diseases (Brauer
et al., 2002). According to a recent national report (Netherlands
Government, n.d.), goat farms emit much lower levels of fine dust
compared to poultry farms (Supp. Table 9). This means that fine dust
exposure from animal keeping is less likely to explain excess risk for
pneumonia from goat farms than it is for poultry farms. In summary, we
have no explanation for the underlying causative agent responsible for
the increased pneumonia risk related to goat farms in our study.

Fig. 4. (a–d) Spline analyses of total time spent outdoors in vicinity of animal farms and pneumonia risk. Goats within 500m (a) or 1000m (b) of the home and or GPS track. Poultry
within 500m (c) or 1000m (d) of the home and or GPS track.
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4.1. Strengths and limitations

A strength of our study is that we had measured mobility data of a
relatively large cohort (N=941) (Klous et al., 2017). In addition, the
cohort included self-reported information about time spent outdoors.
Furthermore, we had information about participants' health and life-
style, age, gender, education level, smoking status and whether they
lived in the vicinity of goats and/or poultry. Although nearly 9% of our
participants had had a pneumonia in recent years and we have an ex-
tensive dataset for our study population, the overall population size
(N=941) might be too small to observe minor increases in risk for
pneumonia.

Mobility patterns may change over time and this may not be well
captured in our data. Still, we tracked 941 study participants during the
time frame of over one year. Therefore, misclassification on the in-
dividual level may be present in our study, but the data should also

reflect a representative picture of mobility patterns in our population.
Active mobility contributed only a limited amount to the total time
spent outdoors because the majority of time spent outdoors was spent in
the vicinity of the home.

Another limitation of our study relates to using GP electronic pa-
tient records where we do not know which diagnostic procedure was
underlying the pneumonia diagnosis. The occurrence of pneumonia was
relatively high (nearly 9%) in our study population. We considered
people as cases if they had had a pneumonia in the last 3 years. This
increased pneumonia incidence in our study area, compared to the
whole of the Netherlands, is an ongoing trend since 2007. Van Dijk
et al. studied pneumonia prevalence in our study area and found an
increased pneumonia risk over the years (average prevalence
2007–2013 16.3/1000 patients) when compared to a control rural area
with a lower livestock density (average prevalence 2007–2013 11.9/
1000 patients) (van Dijk et al., 2017). Given the recent Q-fever

Fig. 4. (continued)
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epidemic, it is conceivable that doctors were more prone to diagnose a
pneumonia in our rural study area. Therefore, we cannot exclude that
information bias might have contributed to the observed increased risks
of pneumonia, especially when GPs were aware about the location of
their patients' homes and the location of farms in the residential area.
However, a nation-wide analysis of hospital admissions for pneumonia
over the years 2012–2014 suggests clustering of pneumonia admissions
in livestock-dense regions (Benincà et al., 2017). Furthermore, in-
formation bias does not explain the strong increase in pneumonia risk
for people spending more time outdoors close to home, since this is not
evaluated in pneumonia diagnosis.

We also classified participants as “cases” if they reported a doctor-
diagnosed pneumonia that was not corroborated by the GP records. If
participants misinterpreted their GPs diagnosis of e.g. an acute bron-
chitis or upper respiratory tract infection as pneumonia, and if these
participants lived closer to goat farms, then this could have further
contributed to differential misclassification. It might also be that for the
questionnaire-based pneumonia cases, participants did not remember
correctly the time of the diagnosis. However, in the analysis on the full
cohort, excluding pneumonia cases if they were not confirmed by GP
records had no material effect on risk estimates (Freidl et al., 2017).
Within our subgroup of the VGO population, 33% (N=28) of the cases
were assigned based on their questionnaire answers only, 66% (N=55)
of cases had either an EMR R81 notification or were assigned as cases
based on questionnaire data and EMR data. When we performed our
analyses assigning cases only based on an EMR R81 notification, the
results of our analyses also remained materially unchanged (Supple-
mentary data, Supp. Tables 5 and 6).

The invitation method we applied might have had an effect on our
study, we observed a significant difference in group sizes of exposed
participants between invited and non-invited VGO cohort members. An
explanation might be that the non-invited group also included people
invited to the COPD follow-up, previous work in the VGO study showed
that participants with COPD lived less often in the vicinity of farms
(Borlée et al., 2015).

With regards to the spatial analyses, we found no significant dif-
ferences between invited participants with and without usable GPS
tracks, concerning outcome and exposure. In order to increase our
power for the statistical analyses, we included people with goats/
poultry within 500m of the house also to the analyses with animals
within 1000m of the house. Which may lead to effect modification to
some extent. However, when we performed the analyses with mutual
exclusion we still observed a significantly increased OR for goats within
0-500m (OR 6.7, 95% CI 2.4–18.1) and a non-statistically significant
increased OR for having goats within 500–1000m of the home (OR 1.8,
95% CI 0.9–3.4). For poultry within 500m or 1000m, ORs where still
above unity, but not statistically significant.

4.2. Future research

It is unclear what is underlying the observed increased pneumonia
risks associated with proximity to goat farms and spending time out-
doors close to goat farms. Additional research is required to identify the
underlying cause of these increased risks. First, a veterinary survey
would be informative to evaluate whether and which infectious agents
are circulating among goats by applying molecular diagnostics such as
whole genome sequencing and proteomics on samples obtained from
animals (Cirulli and Goldstein, 2010; Köser et al., 2012; Ray et al.,
2011). Second, if an infectious agent was identified among livestock, air
samples could be taken in goat stables and their surroundings to check
whether the agent is emitted to the environment. These environmental
samples could then be analysed using more specific molecular techni-
ques such as PCR (Hogerwerf et al., 2012). In a third step, samples
obtained from human pneumonia cases and controls should be analysed
using similar techniques (Zhang et al., 2010). If the infectious agent is
found in each step, the relationship between the animal-origin

pathogen, environmental transmission and human infections can be
confirmed and the pathway clarified, providing opportunities for pre-
vention.

5. Conclusions

Pneumonia risk in our study was increased if people lived within
500 or 1000m of a goat farm. Mobility outdoors in the vicinity of goat
farms did not markedly change risk estimates, but this could be ex-
pected given that the time spent outside was relatively limited. Time
spent outdoors close to home in the presence of goat farms translated
into a significantly increased pneumonia risk. As it is unknown which
specific agent or mechanism is underlying the observed increased risk,
this needs further study.
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