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ABSTRACT

Background: In the Netherlands, living in proximity to goat farms has been consistently
associated with an increased incidence of community-acquired pneumonia (CAP). The cause
remains largely unknown though airborne microbial agents could play a role.

Objective: The aim of this study is to explore micro-organisms present in goats that can
cause human pneumonia.

Methods: An extensive literature review was conducted to identify all micro-organisms
detected in goats that are associated with human pneumonia. Additionally, the identified
micro-organisms were prioritized using a self-developed scoring system and expert opinion.
Results: Through extensive literature review, 4309 references describing 302 different micro-
organisms in goats or on goat farms were identified. Additional searches and reviews for
human respiratory disease caused by each of these micro-organisms yielded a final list of 76
bacteria, 7 viruses, 7 fungi, and 6 protozoa. They were assigned scores based on pneumonia
type, diagnosis of respiratory disease, patient immune status, and evidence strength. Based
on these scores, the most likely potential causal micro-organisms included Moraxella spp.
Chlamydia psittaci, Staphylococcus aureus, and Streptococcus pneumoniae. Subsequently,
the list of micro-organisms was reviewed by external experts on their perceived likelihood of
the organism causing this CAP.

Conclusion: Results of this literature study can give insight into the possible causes of
pneumonia. Nonetheless, no unambiguous conclusion on the actual cause of the increased
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CAP risk around goat farms can be drawn solely based on these results.

Introduction

From 2009 to 2019, epidemiological studies in the
Netherlands on the effects of intensive livestock farming
on nearby residents showed a consistent association
between the incidence of community-acquired pneu-
monia (CAP) and living in close proximity of goat
farms [1-8]. The cause of this increased incidence of
CAP near goat farms remains largely unknown. For the
years 2009-2010 there is an overlap with the Dutch
2007-2010 Q-fever epidemic, in which the transmission
of Coxiella burnetii from infected goat farms caused
human Q-fever cases with pneumonia as the predomi-
nant clinical presentation [9,10]. The increased CAP
incidence near goat farms, however, remained for
many years after the Q-fever epidemic had ceased in
2010 [11], and an obligatory Q-fever vaccination and
monitoring of tank milk of dairy goats and sheep was

introduced and is still ongoing [12]. Additional studies
showed C. burnetii to be an unlikely cause, as the
increased CAP incidence was also found near farms
that remained Q-fever negative throughout the epi-
demic and there was no statistically significant associa-
tion between having had pneumonia and seropositivity
for C. burnetii among participants in a subsequent
cross-sectional study in the south of the Netherlands
[3,4,11,13].

A possible causal hypothesis would be the involve-
ment of other airborne microbial agents, however, indi-
cations for specific micro-organisms are still
inconclusive. In general, the causes of CAP are sparsely
documented in the Netherlands. In primary care, the
information on CAP aetiology is limited because CAP is
mostly a clinical diagnosis and microbiological diagnos-
tics are not included in the CAP guidelines of the Dutch
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College of General Practitioners [14]. In an observa-
tional study on CAP aetiology in the Netherlands,
S. pneumoniae, Mycoplasma pneumoniae, and
C. burnetti were among the most frequently identified
micro-organisms [15]. This study coincided with the
Dutch Q-fever epidemic but was performed before the
increased CAP incidence around goat farms was deter-
mined, and associations between the identified organ-
isms and their presence on farms were not investigated.
More recently, a retrospective study using routine
laboratory diagnostic data of hospitalised patients with
CAP specifically explored identified micro-organisms
related to goat farm exposure [16]. Although a slightly
(non-significant) higher percentage of S. pneumoniae
positive antigen tests was found in the urine of patients
living close to goat farms, this analysis did not yield
clear leads towards a particular causative micro-
organism [16].

More research into the potential causes of the goat
farm-associated CAP risk is needed. Although the
Dutch national government already introduced sev-
eral measures after the Q-fever period, in addition,
a moratorium for new and existing goat farms has
been active since 2017 in multiple Dutch provinces
prohibiting the expansion of existing or the building
of new goat stables [17-19] awaiting future research
on the potential causes of this association. The objec-
tive of this study is to explore, by means of
a literature review, which micro-organisms can be
present on goat farms and have been reported to
cause pneumonia and/or respiratory symptoms in
humans. This work is intended to give direction to
future studies on the increased CAP risk around goat
farms.

Materials and methods

This literature study consisted of three different con-
secutive phases. The first phase aimed to identify all
micro-organisms detected in goats and/or on goat
farms by screening the literature. In phase 2,
a literature search was conducted for each of the
micro-organisms discovered in phase 1, aimed at stu-
dies describing human respiratory symptoms and/or
pneumonia associated with the micro-organism. This
resulted in a list of goat-related micro-organisms with
evidence of causing human respiratory disease. The
objective of the third phase was to prioritize the micro-
organisms listed in phase 2 as a cause of the increased
CAP risk among residents around goat farms in the

Table 1. Exclusion criteria literature search phase 1.

Netherlands by using a self-developed scoring system
applied to the literature and an additional expert opi-
nion questionnaire. The methods applied in the three
different phases are described in more detail below.

Phase 1: micro-organisms in goats

In the first phase, a literature search on micro-
organisms detected in goats and/or on goat farms
was conducted in Embase [20] by combining the
following search terms and synonyms hereof: goat,
infection, pathogen, micro-organism, zoonosis, virus,
bacterium, fungus, parasite, and protozoa (complete
search strategy phase 1 in Supplementary File 1). In
view of the exclusion criteria listed in Table 1 and
discussed below, pre-emptive exclusions from the
search strategy of helminth infections (Category I),
Schmallenberg orthobunyavirus (Category I and III),
toxoplasmosis (Category II), brucellosis (Category
IV), and Coxiella burnetii (Category IV) were made
to avoid a large number of hits that would subse-
quently be excluded.

The literature search was performed on 11 July 2021,
and all records were included in an Endnote database.
The references were divided over four screeners, and
the full-text was screened according to the following
inclusion criterium: detection of a micro-organism in
a goat and/or on a goat farm and/or from goat excreta
by culture, PCR, sequencing, and/or serology. Studies
describing an experimental infection model in goats
were excluded. All micro-organisms described in goats
in the included articles were listed, and organisms
appearing under multiple names due to updated taxon-
omy were merged under the most recent name. Micro-
organisms were listed according to the taxonomic level
that was reported in the included articles, which was up
to genus or species level.

The list of micro-organisms was narrowed down
using the exclusion criteria described in Table 1.
These exclusion criteria were formulated after careful
deliberation by experts in the study team. In category
I of the exclusions, micro-organisms that are primar-
ily transmitted through a vector (e.g. ticks, mosqui-
tos, fleas, and mites) are excluded. We consider it
highly unlikely that the increased pneumonia inci-
dence in neighbouring residents that was previously
found can be driven by vector-borne transmission.
We base this consideration on four assumptions: The
spread of CAP would occur in a larger area than
currently found, due to the fact that these vectors

Category | Category I

Category Il Category IV

(1) Helminth infections

(2) Micro-organisms with vector-borne
transmission as their primary transmis-
sion route

Strictly meat- and
foodborne
pathogens

Pathogens that are strictly
host-specific other than
human

(1) Organisms not present in the
Netherlands (tropical organisms)

(2) Micro-organisms that are under
national surveillance in goats in the
Netherlands




usually spread over a larger area; the occurrence of
CAP would most likely be more seasonal than
observed, due to increased activity of vectors in sum-
mer; bites from several vectors would have been
noticed and associated with the CAP by general
practitioners; and for some of the micro-organisms
the associated vector is not endemic in the
Netherlands. Helminths and strictly meat- and food-
borne pathogens (category I and II in Table 1) were
excluded, because the focus was on micro-organisms
with possible aerogenic transmission as this is
hypothesized to be the main transmission route in
the increased CAP incidence around goat farms.
Organisms in category III have been proven to not
be able to infect humans. Lastly, pathogens not pre-
sent in the Netherlands and pathogens under Dutch
national surveillance were also excluded (category IV
in Table 1), because these are known to be absent
through the current monitoring and are therefore not
a potential cause of this CAP.

Phase 2: micro-organisms linked to human
respiratory disease

In phase 2, separate literature searches of studies
describing human respiratory disease or human
respiratory symptoms associated with each of the
micro-organisms from the final list of phase 1 were
conducted. A narrow and broad literature search in
the Embase database was performed for each micro-
organism (complete search strategy phase 2 in
Supplementary File 1). In the narrow literature
search, the name of the micro-organism was com-
bined with the search terms ‘respiratory tract infec-
tion OR respiratory tract inflammation’ and
‘humans’. The broad search consisted of the name
of the micro-organism and the search terms ‘respira-
tory tract disease’ and ‘humans’. Changes in taxon-
omy were accounted for by including alternative or
old names of each micro-organism in the narrow and
broad searches. The retrieved citations per micro-
organism were screened in two batches by the two
lead authors to evaluate the evidence of human
respiratory disease or symptoms associated with the
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micro-organism. Per micro-organism, the following
evidence information was extracted from the articles:
Evidence strength, type of respiratory disease, type of
pneumonia and patient immune status (Table 2). The
set of references from the narrow literature search
was used as a starting point. When this yielded insuf-
ficient information on the evidence of human
respiratory disease, the set of references from the
broad searches were screened as well. Organisms
that did not yield any references linking them to
human respiratory disease in both the narrow and
the broad search were excluded from the final organ-
ism list. The remaining micro-organisms and their
taxonomy at phylum, class, order, and family level
were included in the final organism list.

Phase 3: prioritization of micro-organisms

In phase 3, a scoring system was developed to prior-
itize the micro-organisms for which there was evi-
dence of human respiratory disease in phase 2 similar
to the goat-related CAP. The scoring system con-
sisted of (a) the type of pneumonia, (b) the diagnosis
of respiratory disease, (c) the immune status of the
patient, (d) the strength of the evidence, as described
in Table 2. Each micro-organism was scored by the
two lead authors by applying this scoring system to
the found literature from phase 2. For pathogens with
an equal total score, the highest score on type of
pneumonia, followed by diagnosis of respiratory dis-
ease, immune status of the patient, and strength of
the evidence, determines the order in which the
organisms appear on the final organism list.

Further prioritization was achieved through an
expert panel from different scientific domains such
as veterinary (goat) health, human respiratory medi-
cine, epidemiology, and medical and veterinary
microbiology including bacteriology, parasitology,
mycology, and virology. This expert panel comprised
of external experts not directly involved in the design
and analysis of this study. Specifically, experts were
asked whether the listed micro-organism could in
their opinion be responsible for the increase in pneu-
monia risk among citizens living near goat farms and

Table 2. Description of scoring system used to rank micro-organisms associated with human respiratory disease in phase 3.

Score

Factor High (3)

Medium (2) Low (1)

Pneumonia type Community-acquired pneumonia

Type of —Lower respiratory tract infection
respiratory Pneumonia
disease Necrotizing pneumonia
Empyema

Patient immune
status

Hospital-acquired pneumonia

—Pleurisy
Organizing pneumonia

Immunocompetent (including organisms with both
immunocompetent and immunocompromised

Ventilation-associated
pneumonia

Higher respiratory
tract infection

Immunocompromised

patients)

Evidence
strength

Larger studies/reviews with evidence of the
micro-organisms causing respiratory disease

Multiple case reports

Single case report
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to clarify their reasons. For each organism, they could
give a score ranging from 1 (highly improbable) to 4
(highly probable) and were allowed to skip in case the
micro-organism was not their expertise. The answers
of all experts were summarized by calculating the
mean score and variance for each micro-organism
from the experts that gave a score on that organism
and these summary scores were included in the final
organism list. The mean score was also used to order
the final organism list among organisms that have
equal scores after the scoring described in Table 2.

Results
Phase 1

The search strategy from phase 1 yielded 4309 references
which were screened for eligibility. This screening
resulted in a total of 302 different micro-organisms
(classified up to genus and/or species level) detected in
goats, excreta from goats, and/or on a goat farm. The
micro-organisms consisted of 80 bacteria, 13 fungi, 60
protozoa, and 49 viruses (Figure 1). By applying the
exclusion criteria (Table 1), 79 micro-organisms were
excluded (Figure 1, n =21 bacteria, n =1 fungus, n =42
protozoa and n =15 viruses). The complete list of 302
micro-organisms found in phase 1 with reason for exclu-
sion (if applicable) can be found in Supplementary File 2.

Phase 2

In total 223 micro-organisms from phase 1 were
included in the search strategy at the start of phase
2. For 79 micro-organisms (n=>54 bacteria, n=2
fungi, n=9 protozoa and n =14 viruses) the search
strategy in phase 2 yielded zero references and was
excluded from the list (Figure 1, Supplementary
File 2). The number of references found in the narrow

and broad search per micro-organism are listed in
Supplementary File 3. The reference sets for the
remaining 144 micro-organisms were screened for
evidence of human respiratory disease. Another 48
micro-organisms (n =29 bacteria, n=3 fungi, n=3
protozoa, n =13 viruses) were excluded based on this
screening, because no association of human respira-
tory disease was described in the found references
(Figure 1, Supplementary File 2). This led to a final
list (up to genus or species level) of 76 bacteria, 7
viruses, 7 fungi, and 6 protozoa that were detected in
goats and have been associated with human respira-
tory disease. The list can be found in Supplementary
File 4. Figures 2-5 give an overview of the different
classes, orders, families, and genera per kingdom that
were present in the final list of micro-organisms. Among
the final list of bacteria, the Gammaproteobacteria are
the most abundant, comprising of several known intest-
inal and extra-intestinal human pathogens, including
Pseudomonas species, Proteus species, Acinetobacter spe-
cies, Klebsiella species, and Escherichia coli (Figure 2).
In second place comes Bacilli, of which Streptococcus
species and Staphylococcus species form the largest
group. Among the other kingdoms, there is less grouping
possible (Figures 3-5).

Phase 3

The final organism list of 96 micro-organisms with
scores per organism including the expert opinion
scores can be found in Supplementary File 4. The
top scoring organisms for each kingdom are depicted
in Table 3. Mean and variance of expert scores were
calculated from those experts that gave a score on
that particular organism.

When combining the literature scoring system and
the expert scores, Moraxella species, Chlamydia psit-
taci, Staphylococcus aureus, Streptococcus pneumoniae,

- Vector borne: N=17
- Under surveillance: N=4

Exclusion
1*

Phase

N=83
[ - Exclusion 2A**: N=54
- Exclusion 2B***: N=29

N=5
- Exclusion 2A**: N=2
- Exclusion 2B***: N=3

Exclusion

Phase

|
|
[
|
|
|
I
|
|
|
I
\
\
\
|
|
|

N=18

- Vector borne: N=6
- Meat: N=4

- Host specific: N=16

- Notin NL: N=15

- Under surveillance: N=1

Protozoa

* Exclusion 1: based on
exclusion criteria (Table 1)
between phase 1-phase 2

- Vector borne: N=10
- Notin NL: N=5

N=34

**Exclusion 2A: based on
zero references found in

hase 2
N-12 &

- Exclusion 2A**: N=9
- Exclusion 2B***: N=3

N=27
- Exclusion 2A**: N=14

o ;
- Exclusion 28***: N=13 Exclusion 2B: based on

zero references indicating
human respiratory
symptoms

| \
[ \
I \
[ \
| \
I \
\ \
I \
| \
I \
| \
[ \
\ \
\ \
\ \
I \
| \
[ \

Figure 1. Flowchart of the number of micro-organisms related to goats and human pneumonia during the different phases of

the literature study.
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Class Family Genus Species

Acti ta 2
nomycetaccae (n=2) Trueperella pyogenes

. T i S e
Actinomycetia (n=10)

Mycobacterium spp.

Nocardiaceae (n=3)
Prescottella equi

Burkholderia cepacia

Betaproteobacteria (n=2) : Burkholderiacceae (n=2) H Burkholderia (n=2) Burkholderia pseudomatiel

Clostridium botulinum
Clostridiaceae (n=3) Clostridium (n=3) Clostridium cadaveris

Clostridioides (n=1) Clostridioides difficile

Peptostreptococcaceae (n=2,
{n=2) Paeniclostridium ( aeniclostridium sordellii

Erysipelotrichia (n=1) Erysipelotrichaceae (n=1) Erysipelothrix (n=1) Erysipelothrix rhusiopathiae

Aeromonas spp.

Cronobacter sakazakii

Escherichia coli

Enterobacteriaceae (n=10)

Salmonella enterica

Francisella tularensis

Gammaproteobacteria (n=26)

Acinetobacter (n=3) Acinetobacter haemolyticus

Morganella (n=1) Morganelfa morganii

Morganaiacsas fn=4) Proteus vulgaris

Providencia (n=1) Providencia stuartii

Pseudomonas aeruginosa

Pseudomonadaceae (n=2) Pseudomonas (n=2)

....... Serratia (n=1) Serratia marcescens
Yersiniaceae (n=2)

Spirochaetia (n=1) Leptospiraceae (n=1) Leptospira (n=1) Leptospira spp.

Figure 2. Bar chart of the taxonomy for the bacteria present in the final list of micro-organisms.
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Class Family Genus Species

Herviviricetes (n=1) : Herpesviridae (n=1) Simplexvirus (n=1) Simplexvirus spp.

Moniiviricstes (n=2) SOV ... . s D OSPUOVIUS prigumoniee; ||
: Orthopneumovirus (n=1) Orthopneumovirus bovis

Tectiliviricetes (n=1) Adenoviridae (n=1) ‘ irus (n=1) Mastadenovirus spp.

Figure 3. Bar chart of the taxonomy for the viruses present in the final list of micro-organisms.
Class Family Genus Species

- ; - H : Cryptococcus gattii
Basidiomycota (n=2) Basidiomycota (n=2) Cryptococcus (n=2) ........................ us ........ ’mans .............

Zoopagomycota (n=1) : Zoopagomycota (n=1) i Conidiobolus (n=1) Conidiobolus spp.

Figure 4. Bar chart of the taxonomy for the fungi present in the final list of micro-organisms.
Class Family Genus Species
Cryptosporidium hominis

Api =2 i il =2 t idil =2 ‘ ........................................................
picomplexa (n=2) i Apicomplexa (n=2) ; Cryptosporidium (n=2) : o Barvin

Euglenozoa (n=1) Euglenozoa (n=1) Leishmania (n=1) Leishmania donovani

Parabasalia (n=1) Parabasalia (n=1) H Pentatrichomonas (n=1) : Pentatrichomonas hominis

Figure 5. Bar chart of the taxonomy for the protozoa present in the final list of micro-organisms.

Table 3. Highest-scoring micro-organisms, sorted by pneumonia score, respiratory disease type score, immune status score,
strength of evidence and expert score, in that order.

Evidence Expert
Pneumonia type  Respiratory disease  Immune status  strength score Expert Score Score N of experts that
Organism score (max. 3)  type score (max. 3)  score (max. 2) (max. 3) Mean (max. 4)  Variance  scored organism
Kingdom bacteria
Moraxella spp. 3 3 2 3 2.75 1.58 4
Chlamydia psittaci 3 3 2 3 2.67 1.07 6
Staphylococcus 3 3 2 3 2.60 1.30 5
aureus
Streptococcus 3 3 2 3 2.60 1.80 5
pneumoniae
Escherichia coli 3 3 2 3 2.40 1.80 5
Klebsiella 3 3 2 3 2.20 0.70 5
pneumoniae
Pseudomonas 3 3 2 3 2.00 0.50 5
aeruginosa
Listeria 3 3 2 3 1.83 1.37 6
monocytogenes
Prescottella equi 3 3 2 3 1.67 0.33 3
Mycobacterium spp. 3 3 2 3 1.67 0.33 3
Clostridioides 3 3 2 3 1.60 0.80 5
difficile
Aeromonas spp. 3 3 2 3 133 0.33 3
Acinetobacter 3 3 2 3 1.25 0.25 4
baumannii
Kingdom viruses
Orthopneumovirus 3 3 2 3 217 0.57 6
bovis
Mastadenovirus 3 3 2 3 2.00 0.00 3
spp.
Kingdom gungi
Cryptococcus 3 3 2 2 1.80 0.20 5
neoformans
Aspergillus spp. 3 3 1 3 2.00 0.50 5
Kingdom protozoa
Pentatrichomonas 1 3 1 1 1.00 0.00 2
hominis
Cryptosporidium 1 1 2 2 1.75 2.25 4

parvum




Escherichia coli, and Klebsiella pneumoniae are among
the highest scoring bacteria. These micro-organisms
have the maximum score on all four categories of the
scoring system from Table 2 and have a mean expert
score of above 2.00 (Table 3). Within the viruses,
Orthopneumovirus bovis and Mastadenovirus species
were the highest scoring organisms. In general, the
scores for bacteria and viruses were higher than the
scores for the micro-organisms within the kingdom of
protozoa and fungi (Table 3, Supplementary File 4).
The gram-negative bacterium Chlamydia abortus,
which scored low in terms of evidence strength
(score of 1), received the highest mean score by the
experts (mean score of 2.83) out of all included organ-
isms (Supplementary File 4). The list also included
organisms such as Picobirnavirus, of which nearly all
questioned experts could not give an opinion about
infection risks (Supplementary File 4).

Discussion

The objective of this literature review was to
explore which micro-organisms have been
described in goats, can be present on goat farms
and have been reported to cause pneumonia and/or
respiratory symptoms in humans. This literature
study was intended as the first step to give direc-
tion to further prospective study designs elucidat-
ing the etiology of the increased CAP risk around
goat farms in the Netherlands.

The different phases from this literature study
resulted in a final list of 96 micro-organisms (76 bac-
teria, 7 viruses, 7 fungi, and 6 protozoa) related to
goats and human respiratory disease. Among the
most commonly typical-identified causes of CAP in
general literature [21,22], there are many that occur
also in the high-scoring regions of our list (even with-
out the additional ranking of the expert opinions),
such as Streptococcus pneumoniae, Moraxella spp.
and Staphylococcus aureus. Gammaproteobacteria
and Bacilli were the most abundant classes of bacteria
in our final organism list. They both contain typical
CAP-inducing organisms, despite both classes being
known for pathogens more related to other infectious
diseases besides CAP. The top-scoring micro-
organisms also include atypical CAP causes. For exam-
ple, Chlamydia psittaci is the second highest scoring
bacterium when combining both the literature scoring
system and the external expert score. This bacterium is
the cause of human psittacosis, a zoonosis with CAP as
the most important clinical  presentation.
Transmission occurs mainly through infected bird
species. Goats have been reported as a potential source
of human psittacosis, although the strength of evi-
dence was considered very low [23]. The related
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pathogen Chlamydia abortus received the highest
mean score from the expert panel out of all included
micro-organisms but scored low on the evidence
strength score as the bacterium was only reported as
a human cause of pneumonia in a single case report.
Noteworthy is that in this case report of human pneu-
monia, aerogenic transmission of Chlamydia abortus
by infected goats was considered as a likely causal
scenario [24]. Among the fungi and protozoa, there
were pathogens on our final organism list that are
more commonly associated with other diseases as
well, such as the meningitis-inducing Cryptococcus
spp. and Simplexviruses [25,26], the diarrhoea-
associated Enterocytozoon bieneusi [27,28], and the
eukaryotic pathogen responsible for rhinosporidiosis,
Rhinosporidium seeberi [29]. It should be noted that
a goat micro-organism could either directly cause dis-
ease (pathogenic) or alternatively trigger a dysbiosis
allowing opportunistic human pathogens to cause dis-
ease. The latter might be the case for some of the
atypical and rarer micro-organisms in this list.
Though the top-scoring organisms shown in
Table 3 are the most likely organisms to cause CAP
in humans according to the searched literature and
experts, the full list of organisms in Supplementary
file 4 should be considered when performing addi-
tional investigations. Moreover, apart from the exclu-
sion criteria, the scores given here only serve to
prioritize organisms, not to rule out any one of
them. It should also be noted that the approach used
here only documents already described organisms, not
pathogens not described before or identified very
recently, or organisms that thus far have been
described in only one of the two hosts (human or
goat). The strategy used in this research can therefore
create a blind spot. As a validation step, we presented
our list of micro-organisms to an expert panel in
which they could give their opinion about the like-
lihood of the organism being the cause of CAP. These
expert opinions can be a valuable asset when literature
description of a disease is limited. Additionally, differ-
ences between published literature and expert views
could indicate a disbalance between published litera-
ture and current knowledge. However, we did not
explicitly ask the experts to identify any micro-
organisms that in their opinion could be the cause of
CAP around goat farms, but that were not in the final
list based on the literature. We used the expert opinion
scores to further prioritize the organisms based on the
literature scoring system. Still, there were discrepancies
between the expert judgements as some of the organ-
isms had a large variance in scores between the
experts. For example, the largest variance was seen in
Cryptosporidium parvum, with a variance of 2.25.
Here, there was 1 expert that scored a 4 and there
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were 3 experts that scored a 1. This is likely at least in
part due to the different expertise fields of the experts.
The frequency at which an organism is encountered
and the importance of that organism in their expertise
field may significantly influence their view on the
likelihood of it being the causative organism, and
differs between, for example, veterinarians and clinical
virologists. We did ask the experts to motivate their
assigned score based on aspects such as the prevalence,
clinical disease picture, and aerogenic transmission
possibility, however, this was not always answered in
great detail. Since it was not possible to determine
whether an outlier answer was based e.g. on more
detailed knowledge or a lack of expertise, all answers
were considered equally, and the literature-based cri-
teria were considered first in the ranking of the micro-
organisms.

In phase 1, no quality assessment was performed for
the publications as it was considered better not to be
strict in the initial selection of micro-organisms for phase
2. This means that in some articles found in phase 1, the
laboratory methods for isolation and identification of
organisms were not of the highest standards, and in
some cases additional clinical information about the
animals was lacking. In exceptional cases, this could
mean that the authors of these articles have erroneously
reported an organism. In phase 2, rather than a quality
assessment for each individual paper, the authors chose
to add a score on the overall scale of evidence presented
in the articles linking the micro-organism to human
respiratory disease (i.e. a distinction between review
and large studies, case reports describing multiple cases
and single-case reports). Another factor impacting qual-
ity is the description and availability of causative organ-
ism determination in articles. One-to-one patient and
pathogen data can generally only be found in supple-
mentary files, if available at all. More clearly linked
metadata can help discover patterns in pathogen occur-
rence. Furthermore, laboratory determination methods
of causative organisms vary greatly between articles, as
well as the human tissue used for the determination.
Both among the high-scoring reviews (top of the final
organism list) and the low-scoring articles (bottom of the
final organism list) data about causative pathogen iden-
tification was often incomplete. On the low end, this
could suggest false determination, especially if the
researchers relied on a single technique for diagnostics
and the result was a pathogen previously not associated
with pneumonia. A standard practice with multiple types
of diagnostics (e.g. culture and PCR or culture and
sequencing) based on multiple types of patient material
(e.g. BAL and sputum or BAL and blood) could provide
more reliable diagnosis and help further epidemiological
research into the etiology of CAP.

The consistent association between increased CAP
incidence and a shorter residential distance to goat

farms suggests that there are one or more unique factors
present on goat farms compared to other livestock farms.
Dutch domestic goat farms harbour a large variety in
housing types, feed and bedding materials, supply and
amount of feed and bedding, walkways, as well as goat
breeds. Furthermore, differing mechanisms and
machines used in the regular and irregular activities on
these farms add to the complexity of Dutch goat farming.
It may be reasonable to assume that goats and their
excreta are the only unique factors that are not also
present on other animal farms and therefore the most
likely source of a micro-organism potentially causing
CAP. As such, this research focused on micro-
organisms found in goats and goat excreta only.
However, micro-organisms causing goat farm-related
CAP in humans could also come from non-goat materi-
als if goat farm specific management practices allow for
an increase in emission of the micro-organism compared
to other livestock farms. Non-infectious causes, such as
particulate matter emissions and endotoxins, might also
play a role in the explanation of the increased pneumonia
risk around goat farms. These farm emissions might act
as predisposing factors, as previous studies demonstrated
that inhalation of fine dust and particulate matter can
lead to increased susceptibility for airborne infections
[30-33]. However, these non-infectious causes were
beyond the scope of this literature study.

The organisms that are currently subject to active
monitoring in small ruminants were excluded in this
research. The Dutch laws, based in part on EU law
[34], for notifiable diseases and pathogens causing
them, have some overlap between humans [35] and
small ruminants [36,37], but not all disease are notifi-
able in the two domains. The following pathogens
listed here differ between animal and human notifi-
cations: Campylobacter spp., Leptospira spp., Listeria
spp.» Mycoplasma mycoides, Salmonella spp. and
Yersinia species. Consequently, future studies may
not reflect the results given from phase 2 onwards,
due to changes in the monitoring programmes.

Conclusion

The final list of 96 micro-organisms depicts
a comprehensive overview of the currently known
micro-organisms occurring in goats which can cause
human respiratory symptoms. On this list, bacteria are
far more numerous than viruses, fungi, and protozoa
combined. Furthermore, the scores assigned are gener-
ally higher for bacteria and viruses than those for fungi
and protozoa. No unambiguous conclusion on the cause
of the increased CAP risk around goat farms can be
drawn solely based on these results. Further research is
currently being carried out adopting a broad approach
that includes analysing samples from goat farms, patients
with CAP and from healthy neighbouring residents.
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