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Abstract

A two-cohort feasibility study was conducted to investigate the potential role of home-
opathic therapy in reducing antimicrobial use in turkeys. The objective of the analysis
presented here was to describe the complex characteristics of the study farms. For analysis
of heterogeneity, data of 25 turkey farms (7 homeopathy (H); 18 conventional (C)) were
analyzed. Farms in cohort H had significantly higher numbers of poultry farms nearby and
included outdoor husbandry, while those in cohort C included neither organic nor biody-
namic husbandry types. During raising, a combination of straw and wood shavings was
more frequent, while during fattening, only one type of litter was predominant. Very few
additional significant differences were identified at farm level, while at production batch
level, several further differences existed. When comparing the study cohort characteristics
with national statistics, both cohorts seemed to perform better than the national average.
The incidence of antibiotic treatment days was lower in cohort H compared to cohort C
(C0.14, H0.01, p < 0.001), while production period-related mortality (C 3.7%, H 3.7%) was
comparable. Our detailed collection of data, previously unavailable, provides a relevant
insight and will enable the analysis of multivariable aspects linked to antimicrobial usage
in turkey production.

Keywords: turkey; antimicrobial; antibiotic; risk factor; homeopathy

1. Introduction

Global meat production increased by 1.7 percent in 2024, reaching 379 million tonnes
(carcass weight equivalent) [1]. The expansion was primarily underpinned by higher
poultry meat output, followed by gains in bovine meat production. In contrast, ovine
meat output registered only marginal growth, and pig meat production remained largely
stable [1]. In Europe, output gains were primarily attributed to pig and poultry meat,
with smaller increases in bovine meat production. In Asia, the expansion of poultry meat
was the key contributor to overall growth [1]. Global poultry meat production reached
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150 million tonnes in 2024, marking a 2.6 percent year-on-year increase [1]. In 2024, pro-
duction increases occurred in the four leading producing countries’ respective economic
areas: China, the United States, Brazil, and the European Union [1]. In Germany, with
gross domestic production of 1.7 million tonnes of slaughter weight, the self-sufficiency
rate for poultry meat was around 100 percent [2]. With over 156 million animals, chickens
dominated German poultry farms in 2023 [2]. Laying hens and broilers accounted for
93 per cent of the poultry population. In second place was turkey production, with around
nine million animals slaughtered per year, mainly for domestic meat consumption. Third
place went to duck farming, with around 1.6 million slaughtered animals [2].

The high and still rising global share of poultry meat in total meat production is
reflected in a complex and heterogeneous production system, which also includes a quite
distinctive hierarchical structure of the production process at the farm level [3-5].

Based on the German poultry yearbooks from 2020 to 2022 (corresponding to our
study period 2019-2021) [6-8], the main breed used in turkey production in Germany is
B.U.T. Big Six. Separated by sex in both the raising and fattening period, birds are kept
in open stables with a stable-level all-in/all-out management. Maximum legal stocking
density is 58 kg/sqm (males) and 52 kg/sqm (females) according to the German mandatory
health control program, whereas 53 kg/sqm (males) and 48 kg/sqm (females) are the
maximum values in the voluntary Animal Welfare (label) Initiative. Additional information
on management and production are described in the poultry yearbooks, but lack details on
potentially relevant parameters such as the number of poultry farms nearby, water origin
and use of functional phytochemicals [6-8].

In Germany, the use of antimicrobials in commercial poultry production has to be
reported to the competent authority since 2017 [9-11]. Based on these data, half-yearly
treatment frequencies are determined for the individual farms and animal species, i.e.,
the average number of days on which an antimicrobial substance was administered for
each individual animal kept in this farm over the half-year observation period and animal
species. The range and key indicators of these farm-specific treatment frequencies are
presented in national reports. If the median (key indicator 1) of the nationwide half-yearly
treatment frequencies is exceeded by an individual farm, the animal keeper must consult a
veterinarian to investigate the reasons that may have led to the exceedance, and how the use
of antibiotics can be reduced. If the third quartile (key indicator 2) of the nationwide half-
yearly therapy frequencies is exceeded, an appropriate action plan must be drafted together
with the consulting veterinarian and submitted to the competent authority. The relevant
key figures are published half-yearly in the German Federal Gazette [8]. According to the
report for the period 2018-2021, the percentage of turkey farms using no antimicrobials
at all within a half-year period ranged between 15.7% and 22.7%. In the same period, the
key indicator 2 value ranged between 29.8 and 25.6 [11]. The report for 2024 showed a
key indicator 2 of 37.8 and 38.0 using an adapted calculation method, while the former
calculation method resulted in values of slightly below 30.0 [10].

In 2023, Germany had approximately 700 larger commercial turkey farms with an
output of more than 1000 turkeys for fattening for meat production per year and farm.
Animals were provided by seven hatcheries. The turkey sector is primarily concentrated
in the north, west and eastern regions, most notably in the Federal State of Lower Saxony,
where approximately 40% of the total national production takes place. In 2020, Germany
produced 387,000 tonnes of turkey meat, while consuming 476,777 tonnes; an average of
5.8 kg of turkey meat was thus consumed per person per year, with consistent numbers
over the observation period of our study (years 2019-2021).

Antimicrobial resistance is a serious public health concern, resulting in an estimated
4.71 million deaths worldwide in 2021 that were associated with bacterial antimicrobial
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resistance (AMR) [12]. The European Farm to Fork Strategy from 2019 set a 50% reduction
target of sales of antimicrobials for farmed animals by 2030, which is supported by the new
EU Regulations on veterinary medicinal products [13,14]. In addition, the EU Organic Reg-
ulation 2018 /848 requires giving preference to homeopathy and phytotherapy in organic
farms over conventional medicine, including antibiotics [15]. The factors above, combined
with several non-clinical factors such as, according to Sousa et al. (2025), inadequate poli-
cies/guidelines and need to satisfy farmers’ expectations [16] which resulted in no further
reduction in antibiotic prescription, indicate that the potential of integrative medicine
(i.e., best practices of complementary and conventional medicine) [17] in reducing numbers
of infections and reduced use of antibiotics with a focus on prevention, metaphylaxis
and targeted therapy of infectious requires exploration and the development of proofed
guidance [18].

To better understand the complexity and dynamic processes contributing to antibiotic
usage in farmed poultry production, a scoping review was recently conducted [5]. Sev-
eral potential risk factors with impact on antimicrobial use related to farmers, housing
conditions, management and animal-related factors were identified which need further
consideration [5]. To investigate this further, a two-cohort feasibility study was conducted
within a project aiming to explore the potential role of homeopathic therapy in reducing an-
timicrobial use and related antimicrobial resistance in turkeys (the HOMAMR project) [19].
Turkey farm data were collected and analyzed retrospectively, for the comparison of two
types of interventions commonly delivered by veterinarians, i.e., farms using conventional
medicines only compared to homeopathic-oriented farms in which turkeys only received
conventional medical treatment when needed, while considering potential risk factors as
well as the complexity and heterogeneity of the production systems [5].

The objectives of this work based on a sample of 25 turkey holdings and 445 production
batches in Germany were (i) to describe the turkey production system with emphasis on the
value ranges and variability of farm-related, management-related and animal-related fac-
tors that could potentially serve as confounders when identifying risk factors for infection
related parameters such as incidence of antibiotic treatment and production/performance
indicators such as mortality at farm, batch and production period level, (ii) to compare these
factors between farms using conventional medicine only (C) and homeopathic-oriented
farms (H) as well as between raising and fattening periods, and (iii) to identify similarities
with, as well as differences from, German industry figures and official statistics.

2. Materials and Methods
2.1. Participant Recruitment and Data Collection

Participant recruitment, data collection, and the intended data management were
described in the published study protocol [19]. In short, four questionnaires were devel-
oped and, after a successful testing phase, distributed online via the platform LimeSurvey
between June 2023 and June 2024 (LimeSurvey GmbH, Hamburg, Germany, Cloud Ver-
sion 5.6.18). Each participating farmer answered three questionnaire types, (a) a “farmer
record sheet”, (b) a “farm record sheet” per included farm and (c) a “raising, fattening
(including slaughter data), breeding report” per respective animal batch and production
period. In addition to the data collected through the questionnaires provided to the farm
owners/managers, information from several other sources, such as the farm veterinar-
ian, compulsory medical reports (such as medication usage and dispensing records), and
abattoirs, was derived for each production batch. Most of the information was collected
during on-site visits. A detailed description of the approach and the questionnaires used
can be found in the study protocol [19]. A study veterinarian checked the question-
naires for obvious validity problems and forwarded them to the epidemiological study
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team. Paper-based information was transferred into a digital format using standard-
ized forms. Plausibility checks were conducted during data entry as well as in prepa-
ration of the analyses using Excel functions as well as a survey-specific script including
survey-specific macros.

The participation in the survey was voluntary. In the first step, a group of seven
farms, which were regularly consulted by a veterinary practice specializing in homeopathy-
focused herd health management, was recruited for the study. Additionally, an open call
was issued to recruit as many control group farms as possible. The response categories
were designed as precisely as possible to avoid misclassification and information bias. As
the study design was retrospective, there is a risk of recall bias. For this reason, we included
only data from January 2019 to December 2021.

2.2. Eligibility Criteria and Potential Risk Factors

Eligibility criteria were described in the study protocol [19]. All farms willing to
participate in the study were checked to ensure they met them. Farms specialized in
raising and/or fattening and/or breeding of female and/or male turkeys in Germany and
Austria, with animals having experienced bacterial or viral infections of the respiratory or
gastrointestinal tract or systemic infections at least once during the three-year study period
(2019-2021) were included. Infections must have been diagnosed by the treating veterinar-
ian, at least based on clinical symptoms. Homeopathic and conventional medical treatment
must have been administered within the framework of a continuous support relationship
in 2019-2021 between the farmer and a veterinarian specializing in homeopathy and em-
ployed by our research team’s cooperating veterinary practice, or between the farmer and
veterinarians from our other (non-homeopathy) cooperating veterinary practices. Farmers
unwilling to give consent to provide complete data, and farmers not providing data in due
time (six months after receiving survey 3 or 4, respectively) were excluded. For cohort C,
another reason for exclusion was if homeopathic medicinal products (HMPs) had been
used or prescribed at least occasionally during the three-year retrospective observation
period. Hence, in cohort C farms’ use of HMPs was not allowed at all. In cohort H, the
lege artis veterinarians” approach to homeopathic treatment in turkey raising, fattening
and breeding was assured, i.e., homeopathic treatment was performed by an experienced
homeopathic veterinarian with specified education only [19]. The search strategies and the
adapted version of the nominal group technique used to identify potential risk factors were
described in the study protocol [19,20]. The update of the literature search and the outcome
were described in the scoping review on potential risk factors related to antimicrobial usage
and antimicrobial resistance in commercial poultry production [5].

2.3. Data Management

The main unit of analysis was the production batch (cohort of animals), for which
the raising, fattening and breeding periods were considered as separate sub-units of anal-
ysis to consider divergence in housing, feeding, management, infection, and treatment
incidence. Identification of each production period within a farm was defined by using
hatching date, housing date, start of fattening if applicable, and end of the individual
period or the slaughter date, whichever was appropriate. Codebooks were developed
and the level of organization (farm, stable, production period) was identified for each
parameter. Stable-specific information was accumulated on the level of the production
period if several stables were involved in raising and/or fattening and/or breeding one
animal cohort. Farm-specific information such as working engagement, attitude towards
homeopathy, attitude towards antibiotics, husbandry type, poultry farms nearby were not
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evaluated for raising or fattening or breeding separately while production period-specific
information was.

Variables considered as treatment intensity, production, performance-specific, and
animal welfare parameters in the study protocol [19] were calculated as follows: for
the calculation of treatment days, a distinction was made between antibiotics and other
substances (e.g., NSAID, Triazin derivates and Aminopyridines). The latter were not
counted when the sum of antibiotic treatment days or the number of animals involved
(antibiotic treatment animal days) was calculated. Animal days at risk were calculated as
follows: the average number of animals kept during the period (number at the beginning
plus number at the end, then divided by two) times the length (days) of the specific
production period. The first parameter describing treatment intensity, namely incidence
of antibiotic treatment days, was calculated per production period as follows: sum of
all antibiotic treatment animal days per production period (antibiotic treatment days
considered individually by substance class) divided by the average animal days at risk
per production period. The second parameter describing antimicrobial treatment intensity
was included for a comparison with official benchmarking and calculated as follows:
the same nominator was used reflecting the sum of all antibiotic treatment animal days
per production period. For the denominator, the average number of animals at risk per
production period, was calculated taking into account changes in the number of animals
at risk due to partly depopulation for slaughter or death. The number of animals lost per
day was calculated as follows: remaining animals (number of animals at the beginning
of the production period minus number of animals at the end of the production period)
divided by the length of stay on the farm (= number of days). National benchmarking is
conducted over a six-month period, with no distinction made between production periods
(raising or fattening) [11]. Those estimates (quartiles) were compared with our production-
period-specific results in the study period from 2019 to 2021, considering raising and
fattening periods separately. In consequence, there was a difference in the definition of
the time interval for which the antibiotic treatment frequency was derived, between the
benchmarking system and our study results. Calculations and details of data management
are summarized in Table 1.
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Table 1. Calculation of antimicrobial use parameters within this study, and in the official German benchmarking system, in a study on management, production,
infection events, and antimicrobial use on 25 commercial turkey farms in Germany (2019-2021).

Parameter Calculation

For each individual antimicrobial treatment, the number of animals treated is multiplied by the number of
days the veterinary medicinal product (VMP) containing an antimicrobial is applied. Each antibiotic
substance class is counted separately. Treatments with NSAID, Triazin derivates and Aminopyridines are
not considered here. These figures are summarized for the production period.

Sum of antibiotic treatment animal days

The average number of animals at risk is calculated as follows: (the number of animals at the beginning of
the period added to the number of animals at the end of the period) divided by two.
To arrive at the number of animal days at risk, this average number of animals at risk is multiplied by the
duration of the production period in days, calculated as the difference between the starting and the end
dates of the production period.

Animal days at risk
(denominator 1)

For fattening periods this calculation takes into account changes in the number of animals at risk due to
partly depopulation for slaughter or death.

To take mortality into account, an average daily mortality rate was calculated and applied (see below).
For each period (e.g., first period from start of fattening to first slaughter event), the number of animals
under risk was calculated by using the number of animals at the beginning of the period, reduced by the
number of animals assumed to have died in that period (daily mortality rate multiplied by duration of the
period in days); this number of animals was multiplied with the duration of the respective period.
For the next period, the same was applied, using the number of remaining animals as the start value,
deducing the died fraction and multiplying this with the duration (days) since the last change in number
of animals.

Duration of each period was based on the difference between date for start of fattening, and individual
consecutive slaughtering dates.

The animal days at risk were calculated as the sum of the figures calculated for the specific periods,
divided by the full duration (days) of the period.

For raising periods, this figure was calculated by dividing the animal days at risk (as explained above) by
the duration of the raising period.

Animal days at risk/period (denominator 2)

Incidence of antibiotic treatment days Sum of all antibiotic animal treatment days divided by the animal days at risk (denominator 1).

Treatment frequency Sum of all antibiotic animal treatment days divided by animal days at risk per period (denominator 2).

The number of animals lost per day was calculated as follows: lost animals (number of animals at the
Mortality beginning of the production period minus number of animals at the end of the production period) divided
by the length of stay on the farm (= number of days).
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2.4. Statistical Analysis

Two levels of analysis were applied, (i) on farm and (ii) on production-period level,
depending on the factors considered. After extracting all relevant information from the
survey database and other sources, the respective statistics (depending on the variable
format) were used to describe the frequency, central tendency, variability, and distribution
of values or categories for all variables in the dataset. Inconsistencies and data gaps were
identified, described, and addressed by the research team. Whenever possible, cross-
checks were used to identify substantial deviations (more than 10% of the values) in the
same values between different sources in numerical variables such as time periods (days)
and number of animals in the different production steps. For mortality, a deviation of
more than plus or minus 10% was defined as inconsistent. Implausible information was
either corrected by re-checking the records and/or consulting the farmer or excluded
from the analysis. A culling event due to highly pathogenic avian influenza resulted in
the exclusion of the affected production batch, as the production period could not be
completed. Whenever two hatching dates or two fattening-starting dates were reported
for a production batch, deviations of less than 20% in numerical variables such as time
periods (days) and number of animals in the different production steps were allowed, and
the first (earlier) date was selected for analysis. If the start of fattening was not specified
as a date but as a week, the last day of the week was recorded and selected for further
analysis; if the farmer specified nothing, the 35th day of life of the animals was imputed
as the start of fattening. In the biodynamic farm defined as a holistic, self-sustaining,
and regenerative agricultural system, the end of fattening was determined to be the same
for males and females for logistical reasons. Number of animals at the beginning of a
production period was used for determining “housing unit size”. Production periods
with incomplete slaughter data were excluded if the number of animals at slaughter
and the date of slaughter were missing. Incomplete data were handled according to a
predefined missing data procedure if only specific data not needed for calculation of
primary or secondary outcome parameters were missing. E.g., item-specific implausible
data on potential confounding factors, e.g., stocking rate, etc., were handled according
to a predefined missing-data procedure. Implausible treatment/slaughter data needed
for calculation of primary or secondary outcome parameters were either clarified, or if
no clarification was possible, the corresponding experimental unit was excluded from
the heterogeneity analysis and the descriptive analysis of treatment intensity, production,
performance-specific and animal welfare parameters. The same procedure was applied
for units of analysis without information on incidence of antibiotic treatment days and
mortality as regards descriptive analysis of treatment intensity, production, performance
specific and animal welfare parameters. The data evaluation was conducted using IBM
SPSS Statistics v29 and STATA v18. Comparisons of variable-level information between
farms using conventional medicine only (C) and farms additionally using homeopathic
medicines (H) and their production batches/periods, as well as between raising and
fattening periods, were conducted by using cross tabulation and Fisher’s Exact test (Chi?
test if cell frequencies sufficiently large) when parameters were categorical, or Kruskal-
Wallis test routines when parameters were numerical counts, scores or true values. For
reporting results of Kruskal-Wallis test, the p-values after correction for ties was presented.

For categorical variables without inherent order, numerical coding of the categories
followed an assumed risk (from low to high) for disease prevalence, mortality, condemna-
tion/pathological /bacterial / viral /parasitological findings, performance and AMR/AMU.
This risk ranking was based on the results of a scoping review [5]. The lowest risk categories
for potential risk factors are presented in brackets, followed by the respective references:
for working engagement (higher) [3], attitude towards antibiotics (prudent use) [4,21],
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husbandry type (organic) [22], outdoor husbandry (no) [23], ventilation technology (non-
natural ventilation technology) [3], housing-unit size (smaller) [3,4,24], stocking density
(higher) [4], litter (diversity; wood shavings with other than cold-humid season; other
than wood shavings with cold-humid season) [25,26], water (water from the mains and
application of water hygiene) [24,27], feed origin (purchased feed) [3], hygiene (application
of good hygiene principles) [24], season (spring) [4,25,28-31], gender (female) [28,32,33],
raising location (external on another farm) [24,34], vaccination (no application of routine
vaccination scheme with live vaccination) [27], egg-laying week of parents (earlier) [4,5].
Initial categories of variables that had the potential to have a confounding effect are pro-
vided in Supplementary Materials S5 and S6 of the related study protocol [19], and were
adapted for this analysis by merging related categories (see Supplementary Material S1 of
this article).

2.5. Ethics and Data Protection

The study protocol, including the surveys, was approved by the Ethics Commit-
tee of the Freie Universitit Berlin (Approval Number: ZEA-NR.2023-015). This entire
work complied with data protection and data security guidelines of the Freie Universitat
Berlin, the Helsinki Declaration, and with the International Conference of Harmonisation
(ICH)—Good Clinical Practice. All study-related information was stored securely at the
study site and was backed up by the first and last author. Participants” individual study
information was not released outside of the study. Details on confidentiality and on the
ethics statement can be found in the study protocol [19].

3. Results

Overall, 31 farms could be recruited that were willing to share suitable data. The
periods during which the individual questionnaires were available to participants and the
number of farms, production periods, and reasons for exclusion of farms and production
periods are described in Figure 1. Only farms located in Germany were included in the
analysis; two farms from Austria that initially expressed interest had to be excluded because
neither of them met the predefined inclusion criteria.

For analysis of heterogeneity (variability of measurements within variables, as well
as between H and C cohorts, and between raising and fattening phases), 25 of the initial
31 farms (seven farms from cohort H and 18 farms from cohort C) from 12 different ZIP
code regions in Germany were included. These 25 farms provided data on 485 produc-
tion periods. Data from 40 of these 485 periods were found to be implausible and also
excluded (Figure 1). Hence, in total 445 production periods (cohort C: 294, cohort H: 151),
split into 198 raising periods (C: 148, H: 50), 227 fattening periods (C: 146, H: 81) and
20 breeding periods (C: 0, H: 20) were available for the heterogeneity analysis reported
in this study. Due to the structure of data, some production periods had to be excluded
from certain aspects of analysis. For the potential risk factor of the localization of raising,
only fattening and breeding periods (during laying phase) were considered (n = 237), since
this information was not collected for raising periods. For the potential risk factor of stock-
ing rate, information was not plausible for one of 445 production periods and therefore
excluded. For the potential risk factor of slaughterhouse, only fattening periods leading
slaughter were considered, and five fattening and ten breeding periods (during laying
phase) did not provide any information on the corresponding slaughterhouse, reducing
this part of the analysis to 222 records. For production specific parameters of weight at
slaughter, average daily weight gain, totally condemned carcasses, and death on arrival,
neither data from the biodynamic farm (n = 36) nor from the breeding farm (during lay-
ing phase) (n = 10) and from the production periods without any slaughter data (n = 5)
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were available, resulting in 186 records to be analyzed. For treatment, production, and
performance-specific parameters of mortality, treatment frequency, treatment incidence,
average animal days at risk, length of stay during the production period, and age at the
end of the individual period, data were not available from five production periods without

any slaughter data.
Cohort H Cohort C
Survey 1 Survey 2
14.6.2023-6.7.2023 11.9.2023-8.4.2024
7 farms 24 farms
Exclusions:
Use of homeopathy: 2 farms
Withdrawn consent: 1 farm
- - \ Complete data not provided before the deadline: 2 farms
Extensive husbandry not fitting categories of potential risk
Survey 4 Survey 3 factors: 1 farm
26.4.2024-28.6.2024 23.6.2024-23.12.2024
7 farms 18 farms

Cohort H and cohort C

485 production periods

Cohort H and cohort C
445 production periods

WEEEN

Cohort H Cohort C
191 production 294 production
periods periods

\/

Cohort H and cohort C
420 production periods

Cohort H Cohort C
129 production 291 production
periods periods

Exclusions:
Implausible data: 40 production periods

Exclusions:
Data from breeding farm: 20 production periods
Missing number of animals at slaughter and date of
slaughter: 5 production periods

Figure 1. Data collection periods of the different surveys, numbers of farms and numbers of produc-
tion periods included in the heterogeneity analysis, in a study on commercial turkey production in
Germany (2019-2021). Green: number of farms respective production periods of the two cohorts.
Rose: exclusions thereof.
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3.1. Parameter-Specific Heterogeneity
3.1.1. Heterogeneity Between Farms

For each farm, consistent information as regards the variables describing the farmer
(working engagement, attitude towards homeopathy, attitude towards antibiotics, years
as head of the farm, age of the farmer, gender of the farmer, highest education, highest
vocational qualification), general features of the farm (number of stables, husbandry type,
poultry farm nearby) and animal-related variables (raising in groups) was provided. As
expected, there was no within-farm heterogeneity over time, but heterogeneity between
farms was observed.

3.1.2. Heterogeneity Between Production Periods Within and Between Farms

Feeding practices (feed change) and animal genetics did not vary between production
periods within and between farms. Raising in groups (mixed- vs. separated-sex raising)
and availability of information on egg-laying week 5-24 of parents (yes; no information)
did not vary within farms but between farms. Variation was identified between production
periods within farms and between farms for the following factors: type of production
(raising, fattening, breeding), outdoor husbandry, in-house ventilation technique, number
of animals at the beginning of the production period, stocking rate, litter, water source, feed
origin, functional phytochemical use, hygiene score, government measures, season, gender,
raising location, relocation of turkeys, vaccination, slaughterhouse, breeding company and
number of breeding companies.

Supplementary Materials S2a,b summarize variabilities of categories of all potential
risk factors within production periods and between production periods in detail.

Supplementary Materials S3 summarizes potential risk factor categories’ occur-
rence and categorizes the potential risk factors into categories of ‘no occurrence” and of
‘most occurrence’.

3.2. Description of the Two Cohorts (H, C) at Farm Level

Proportions of categorical variable levels or the median and range for numeric vari-
ables, based on the values observed for the 25 farms, were compared. Most of the farmers
in both cohorts stated male as gender, and the average age was around 50 years old. On
average, job experience was around 20 years, and the majority of participants had a sec-
ondary school leaving certificate or less as their highest level of education and completed
apprenticeship with/without master craftsman as their highest vocational training. Most
of the farmers had a high working engagement (C: 88.9 vs. H: 71.4%), a positive attitude
towards homeopathy (50 vs. 85.7%), and agreed to prudent use of antibiotics principles
(77.8 vs. 57.1%). Farmers in cohort H less frequently had a high working engagement but
showed a positive attitude towards homeopathy more frequently. There was no negative
attitude towards homeopathy observed in cohort H. Farmers’ attitude towards antibiotic
use showed a higher tendency to prudent use in cohort C than in cohort H; however, these
differences were not statistically significant.

Overall, farms had two to six stables per farm, with a lower median for cohort C
(3 vs. 5 stables per farm). Cohort H farms were surrounded by a higher number of poultry
farms (within 2 km distance) than cohort C farms (median 1 vs. 8, p < 0.001). All of
the conventional and six of the seven homeopathic farms had conventional husbandry;
only one H farm was labelled as biodynamic fattening farm (the highest organic standard,
a holistic form of organic farming that emphasizes creating a closed-loop system) [35],
whereas all raising periods were considered as conventional. Outdoor husbandry was
observed in three farms of cohort H only. Table 2 summarizes differences in farm level
potential risk factors by comparison of category frequencies and of medians between
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cohort C and cohort H, while Table 3 presents the differences in production period level
potential risk factors (i) between cohort C and cohort H, (ii) between raising and fattening
periods for both cohorts together and (iii) for cohort C and cohort H within each production
period separately.

3.3. Description of the Two Cohorts’ Raising and Fattening Periods at the Production Period Level
and of the Breeding Farm

All 445 production periods were included in the descriptive statistical comparison
of variables between cohort C and cohort H. At the production period level, around
50% were fattening periods in both cohorts (49.7 vs. 53.6%). In contrast to cohort C, in
cohort H the number of raising periods included in the study was lower, and 13.2% of
the production periods were allocated to breeding (either raising or laying phase). There
was a statistically significant difference in the type of production between the two cohorts
(p < 0.001). Our study revealed a rather heterogeneous animal cohort production system,
characterized by separate (independent) or subsequent raising and fattening periods on the
same or different farms, resulting in a complex structure of dependent and independent
observations (Figure 2).

Cohort H CohortC
Profile 1 (0) Profile 1 (3) ?3% ((‘:596‘;61*_772)
Profile 2 (2) ? 18(178;129-202) Profile 2 (6) ? 14 (84;74-113)
d' 36 (128;107-202) J 46 (84;71-111)
35— . Q 25(35;28-42 .
Profile3(3) || 50 (3235°39) ||© 7(8276-89) Profie3(7) || & 30 (enzeae) | | 20 L7091
G 18(56:41-61) || 511 (90;85-122) ; d 43 (86;62-148)
i . ) : 924(34;28-43) | | @ 10(76;67-86)
Profile 4 (1) || 24(29;20-36) || &7 (114;110-122) Profite 4(2) || 53 (34:26-42) | | e oo
Profile 5(1) || ¢ 5(203:200-203) || @ 5(372;363-375) Profile 5 (0)
d 5 (35;33-40) d'5(209;195-210)

Figure 2. describes the production systems of the study cohorts (C and H) considering gender
of the birds, in a study on commercial turkey production in Germany (2019-2021). Profile with
number of farms within brackets; gender of the batch followed by number of batches as well as
median, minimum and maximum of days in the respective batch phase; Profile 1: raising only;
Profile 2: fattening only, (in Cohort H long length of stay due to biodynamic farm); Profile 3: com-
bination (raising followed by fattening); Profile 4: both raising for sale and raising for fattening;
Profile 5: breeding. Colour codes: rose: raising phase; blue: fattening phase; green: breeding phase.
The length of stay during the production period was not available for the production periods without
any slaughter data (n = 5). Hence, these were excluded in this figure.

For the descriptive analysis and statistical comparison between production systems
presented in this work, potential dependencies between observations were ignored at this
point, and resulting p-values therefore must be interpreted with caution. The breeding farm
periods (single farm with 10 raising cohorts kept for breeding), as well as five fattening
periods for which neither slaughter data nor data to calculate mortality were available,
were excluded, hence, 420 of the 445 production batches were included in the comparison
of factors relevant in both periods between raising and fattening. Significant differences
were observed for several housing conditions and management-related factors as well as
animal-related factors.
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Table 2. Differences in farm-level potential risk factors by comparison of category frequencies and of medians between conventional farms (cohort C, 18 farms) and
homeopathy farms (cohort H, 7 farms) using Fisher’s Exact Test (FET) and Kruskal-Wallis Test (KW) to assess statistical significance, in a study on commercial
turkey production in Germany (2019-2021). Columns represent farm level potential risk factors (categorical); factor-level columns totals add up to 100%.

Farm Level Potential Risk Factors (Categorical).

Variable Level Total C (%) H (%) FET p

Score for working engagement of the farmers 1 high score 21 88.9 714 0.285

2 moderate score 4 11.1 28.6
3 low score

Attitude towards use of homeopathy 1 Positive 15 50.0 85.7 0.246
2 Neutral 8 38.9 14.3
3 Negative 2 11.1 0.0

4 no answer

Attitude towards use of antibiotics 1 prudent use 18 77.8 57.1 0.302
2 Overuse 7 222 429

Gender of the farmer 1 Male 23 94 .4 85.7 0.47
2 Female 2 5.6 14.3

Highest education 1 academic degree 5 222 14.3 0.551
2 A-level degree 4 11.1 28.6
3 secondary school leaving certificate or less 16 66.7 57.1

Highest vocational qualification 1 academic degree 8 33.3 28.6 0.819
5 completed apprenticeship with/without 17 66.7 714

master craftsman

Husbandry type 1 biodynamic and organic 1 0.0 14.3 0.102

2 Conventional 24 100.0 85.7
Poultry farms nearby 1 none 7 38.9 0.0 <0.001

2 1-3 farms 13 61.1 28.6
3 >3 farms 5 0.0 714
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Table 2. Cont.

Farm Level Potential Risk Factors (Categorical).

Variable Level Total C (%) H (%) FET_p
Number of stables at the farm 1 1-3 stables 13 61.1 28.6 0.144
2 <3 stables 12 38.9 714
Years as head of the farm Median 18.5 21.0 0.647
Min-Max 4-38 11-32
Age of the farmer Median 48.5 52 0.287
Min-Max 34-69 41-59
Number of the stables at the farm Median 3 5 0.12
Min-Max 2-6 2-5
Median 1 8 <0.001

Poultry farms nearby

Min-Max 0-3 2-30
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Table 3. Differences in production period level potential risk factors by comparison of category frequencies between conventional farms (cohort C) and homeopathy
farms (cohort H), between raising (R) and fattening (F) periods overall, and between R and F periods within cohorts C and H separately, using Fisher’s Exact Test
(FET) to assess statistical significance, in a study on commercial turkey production in Germany (2019-2021). Significant differences (p< 0.05) are marked in bold.

Production Period Level Potential Risk Factors (Categorical)

445 Production Periods 420 Production Periods 291 Proﬁﬁlgt‘;ztnCPerio ds 129 Progzlcli(:)il:nl-i’erio ds
Variable Level Total C(%) H(%) FETp Total  R(%) o FET p  Total R (%) " FETp Total R(%) F(%) FETp
Housing conditions and management related factors
Type of production 1 fattening 227 49.7 53.6 <0.001 222 0.0 100.0 <0.001 143 0.0 100.0 <0.001 79 0.0 100.0 <0.001
2 breeding 20 0.0 13.3 0 0 0
3 raising 198 50.3 33.1 198 100.0 0.0 148 100.0 0.0 50 100.0 0.0
Outdoor husbandry 1 no 385 100.0 60.3 <0.001 361 100.0 73.4 <0.001 291 100.0 100.0 70 100.0 253 <0.001
2 yes 60 0.0 39.7 59 0.0 26.6 0 0.0 0.0 59 0.0 747
In-house ventilation 1 forced ventilation 59 15.0 9.9 <0.001 44 22 0.0 <0.001 44 29.7 0.0 <0.001 0 <0.001
technique
2 inlet air flaps 34 0.3 21.9 29 14.7 0.0 1 0.7 0.0 28 56.0 0.0
3 indowsorshutiers 0 0 ‘
4 combination 22 5.1 4.6 22 4.0 6.3 15 5.4 49 7 0.0 8.9
5 open housing 330 79.6 63.6 325 59.1 93.7 231 64.2 95.1 94 44.0 91.1
Number of animals at
beginning of 1 <5000 animals 68 6.8 31.8 <0.001 56 8.1 18.0 <0.001 19 10.8 21 0.001 37 0.0 46.8 <0.001
production period
2 5000-15,000 animals 258 63.3 47.7 246 56.6 60.4 184 54.7 72.0 62 62.0 39.2
3 >15,000 animals 119 299 20.5 118 354 21.6 88 345 259 30 38.0 13.9
Stocking rate ** 1 >53-<58 kg/sqm 87 27.0 53 <0.001 86 3.5 35.8 <0.001 78 4.7 50.0 <0.001 8 0.0 10.1 <0.001
2 >30-<53 kg/sqm 166 37.2 37.8 143 23.7 434 108 31.8 43.0 35 0.0 443
3 <30kg/sqm 191 35.8 57.0 190 72.7 20.8 104 63.5 7.0 86 100.0 45.6
Litter 1 wood Sﬁfﬁ;‘ﬁ:js?read 82 109 331  <0.001 82 37.9 32 <0.001 32 16.9 49 <0.001 50 100.0 0.0 <0.001
2 wood shavings straw mix 126 19.7 45.0 106 24.8 25.7 58 33.1 6.3 48 0.0 60.8
3 wood shavings 37 12.6 0.0 37 18.7 0.0 37 25.0 0.0 0
4 straw 189 53.1 21.9 184 16.2 68.5 153 21.6 84.6 31 0.0 39.2
5 others 11 3.7 0.0 11 25 2.7 11 34 42 0
Watering system 1 city water hygienized 223 54.4 41.7 <0.001 201 64.1 33.3 <0.001 159 65.5 43.4 0.002 42 60.0 15.2 <0.001
2 city water 96 27.2 10.6 94 18.2 26.1 78 18.9 35.0 16 16.0 10.1
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Table 3. Cont.

Production Period Level Potential Risk Factors (Categorical)

445 Production Periods 420 Production Periods 291 Progzt:ltoif)tnCPerio ds 129 Pro?lzlcli‘:)il:nl_i’erio ds
Variable Level Total C(%) H(%) FETp Total  R(%) o FETp  Total R (%) o FETp Total R(%) F(%) FETp
Housing conditions and management related factors
3 f"}‘f;;;‘livz":‘fr 46 95 11.9 45 116 9.9 28 7.4 11.9 17 24.0 6.3
4 fountain water 80 8.8 35.8 80 6.1 30.6 26 8.1 9.8 54 0.0 68.4
Feed origin 1 purchased feed only 234 56.5 45.0 0.022 230 68.2 42.8 <0.001 164 66.9 45.5 <0.001 66 72.0 38.0 <0.001
2 own and purchased feed 211 435 55.0 190 31.8 57.2 127 33.1 54.6 63 28.0 62.0
3 own feed 0 0 0 0
F;fjdi}zi;g:;;gég 1 Yes—feed supplement 0 0 0 0
2 yes—special mixture 0 0 0 0
3 none 445 100.0 100.0 420 100.0 100.0 291 100.0 100.0 129 100.0 100.0
phyfoucrﬁcetri:iréj use 1 mix 83 44 464  <0.001 63 10.6 18.9 0.056 13 8.8 0.0 <0.001 50 16.0 532 <0.001
2 single 19 6.5 0.0 19 51 4.1 19 6.8 6.3 0 0.0 0.0
3 none 343 89.1 53.6 338 84.3 77.0 259 84.5 93.7 79 84.0 46.8
Hygiene score 1 high score 315 73.5 65.6 0.082 290 75.8 63.1 <0.005 213 73.0 734 0.93 77 84.0 443 <0.001
2 moderate score 130 26.5 34.4 130 242 36.9 78 27.0 26.6 52 16.0 55.7
3 low score 0 0 0 0
Government measures 1 none 369 81.0 86.8 0.124 346 75.3 88.7 <0.001 237 75.7 87.4 0.01 109 74.0 91.1 0.009
2 above benchmark value IT 76 19.0 133 74 24.8 113 54 243 12.6 20 26.0 8.9
3 salmonella 0 0 0 0
4 flu 0 0 0 0
Season 1 spring 116 26.2 25.8 0.848 110 25.8 26.6 0.901 76 25.7 26.6 0.746 34 26.0 26.6 0.933
2 autumn 107 22.8 26.5 107 242 26.6 67 21.0 252 40 34.0 29.1
3 summer 116 26.5 25.2 105 253 24.8 76 26.4 259 29 22.0 22.8
4 winter 106 24.5 225 98 24.8 22.1 72 27.0 224 26 18.0 21.5
Animal-related factors
Genetics 1 B.U.T. Big Six 445 100.0 100.0 420 100.0 100.0 291 100.0 100.0 129 100.0 100.0
2 other than B.U.T Big Six 0 0 0 0
Gender 1 female 152 37.1 28.5 0.070 141 324 32.9 0.601 108 41.2 329 0.141 33 16.0 31.6 0.047
2 male 293 629 715 279 67.6 67.1 183 58.8 67.1 96 84.0 68.4
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Table 3. Cont.

Production Period Level Potential Risk Factors (Categorical)

445 Production Periods 420 Production Periods 291 Progziltoif)tnCPerio ds 129 Pro?lzlcli‘:)il:nl_i’erio ds
Variable Level Total C(%) H(%) FETp Total  R(%) o FET.p Total R (%) (0‘; ) FET p Total R(%) F(%) FETp
Housing conditions and management related factors
Raising location * 1 external on another farm 125 48.0 60.4 0.123 124 55.9 69 48.3 55 69.6
2 external in another stable 79 37.7 26.4 65 29.3 53 37.1 12 152
on the same farm
3 i“teri“;‘i}ifc} i:if:gf;table 14 48 77 14 63 7 49 7 8.9
4 combination 19 96 55 19 8.6 14 9.8 5 6.3
duff;?;ﬁ;‘g;‘;;?;‘;‘gfo J 1 none 204 19.0 397 <0001 194 90.4 6.8 <0001 144 92.6 49 <0001 50 84.0 101 <0.001
2 yes once 177 50.3 19.2 169 6.1 70.7 145 74 937 24 2.0 29.1
3 yes more than once 64 0.7 411 57 35 25 2 0.0 14 55 14.0 60.8
Raising in groups 1 separated-sex 409 100.0 76.2 <0.001 384 100.0 83.8 <0.001 291 100.0 100.0 93 100.0 54.4 <0.001
2 mixed-sex 36 0.0 238 36 0.0 162 0 36 0.0 456
Vaccination according to standard vaccination
recommended standard 1 241 456 70.9 <0.001 240 525 613 0.109 134 473 44.8 0.667 106 68.0 91.1 <0.001
vaccination schedule schedule
2 V";‘C"C’ﬁggf;‘nsstjﬂgjﬁe 91 18.7 238 68 162 16.2 53 162 203 15 16.0 89
3 v;‘iﬁfﬁ‘;ﬁfg‘;‘ﬁie 113 35.7 53 112 313 25 104 365 35.0 8 16.0 0.0
Slaughterhouse ***, **** 1 S1 10 4.2 5.1 <0.001 10 4.5 6 4.2 4 5.1
2 S2 53 37.1 0.0 53 23.9 53 37.1 0
3 S3 83 30.8 494 83 374 44 30.8 39 494
4 S4 39 273 0.0 39 17.6 39 273 0
5 S5 36 0.0 45.6 36 162 0 36 45.6
6 6 wex 1 1.0 0.0 1 05 1 0.7 0
Breeding company **** 1 B1 140 442 6.6 <0.001 136 36.4 288 <0.001 127 446 427 <0.001 9 12.0 38 0.048
2 B2 20 0.0 133 0 0 0
3 B3 58 10.5 17.9 58 182 9.9 31 14.9 6.3 27 28.0 165
4 B4 159 28 60.9 158 35.9 39.2 67 28.4 17.5 91 58.0 785
5 B5 66 25 0.0 66 9.1 216 66 122 336 0
6 B6 4+ 2 0.0 13 2 05 05 0 2 2.0 13

https:/ /doi.org/10.3390/poultry5020019


https://doi.org/10.3390/poultry5020019

Poultry 2026, 5, 19

17 of 33
Table 3. Cont.
Production Period Level Potential Risk Factors (Categorical)
. . . . Cohort C Cohort H
445 Production Periods 420 Production Periods 291 Production Periods 129 Production Periods
Variable Level Total C (%) H (%) FET_p Total R (%) ("i ) FET_p Total R (%) (ol/z ) FET_p Total R (%) F (%) FET_p
Housing conditions and management related factors
Numberof 1 one 443 100.0 98.7 0.115 418 99.5 99.6 1.0 291 100.0 100.0 127 98.0 98.7 1.0
breeding companies
2 > one 2 0.0 1.3 2 0.5 0.5 0 0.0 0.0 2 2.0 1.3
Egg-laying week 1 yes 108 36.7 0.0 0.001 107 333 185 <0.001 107 446 28.7 0.005 0
5-24 of parents
2 no information 337 63.3 100.0 313 66.7 81.5 184 55.4 71.3 129 100.0 100.0

* For the potential risk factor of the localization of raising, only fattening and breeding periods were considered (1 = 237), since the raising periods did not have to answer this question.
** For the potential risk factor of stocking rate, the number of production periods is # = 444, as for one production period this information is implausible. *** For the potential risk factor
of slaughterhouse, only fattening periods were considered, since the raising periods did not have to answer this question and 15 production periods (five fattening periods and ten
breeding periods) did not provide any information on which slaughterhouse was used (1 = 222). **** Two different breeding companies or slaughterhouses (respectively) were used

within a production period.
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3.3.1. Outdoor Husbandry

There was no outdoor husbandry in cohort C (0 vs. 39.7%, p < 0.001). There was no
outdoor husbandry in raising, but in cohort H 74.7% of the fattening periods had outdoor
husbandry, i.e., most of the fattening periods of three farms (p < 0.001).

3.3.2. In-House Ventilation Technique

Open housing was the most frequently used in-house ventilation technique in both co-
horts (79.6 vs. 63.6%) and in raising and fattening (59.1 vs. 93.7%), while forced ventilation
was in second place in cohort C (15.0%) and inlet air flaps in cohort H (21.9%). In cohort C,
open housing remained the most frequently used technique during raising and fattening
(64.2 vs. 95.1%), whereas during raising, forced ventilation (29.7%) was also frequently
used, while forced ventilation was not used during raising in cohort H. In contrast to this,
in cohort H, during raising inlet air flaps was the most frequently used in-house ventilation
technique (56.0%), while neither forced ventilation nor inlet air flaps were applied during
fattening. Hence, there were statistically significant differences in in-house ventilation
technique between raising and fattening, and between the two cohorts (p < 0.001).

3.3.3. Number of Animals at the Beginning of the Production Period

A number of 5000 to 15,000 animals at the beginning of the production period was
most often observed in both cohorts (63.3 vs. 47.7%) and in both raising and fattening (56.6
vs. 60.4%), while a number below 5000 birds at the beginning of the production period
was more common in cohort H (31.8%) compared to cohort C (6.8%). A number above
15,000 animals was more common in cohort C (29.9%) and in raising (35.4%), but also true
for 20.5% of the periods in cohort H and for 21.6% of the fattening periods. In cohort C,
72.0% of the fattening production periods began with 5000 to 15,000 animals, and most of
the remaining housed periods included about 15,000 birds (35.9%). In contrast, in cohort H,
a number of 5000 to 15,000 animals at the beginning of the production period was more
common in raising (62.0%) than in fattening (39.2%). This was also the case for a number
above 15,000 birds at the beginning of the production period (38.0 vs. 13.9%), while a
number less than 5000 animals at the beginning of the production period was not observed
in raising, but most often observed in fattening (46.8%). Thus, there were statistically
significant differences in the number of animals at the beginning of the production period
between raising and fattening (p = 0.001, p < 0.001 for the comparison of raising and
fattening in cohort C and H separately) and within the two cohorts (p < 0.001).

Detailed analysis based on numeric values confirmed that there was a significantly
higher number of animals at the beginning of the production period in cohort C (median
11,684 vs. 6501, p < 0.001) and a significantly higher number of animals at housing in raising
(11,825 vs. 9574, p < 0.001), but the latter was only confirmed for cohort H (9743 vs. 5500,
p < 0.001).

3.3.4. Stocking Rate

For stocking rate, there is a pronounced tendency towards more space for the birds
in cohort H, with the lowest stocking rate of below 30 kg/sqm most frequently reported
(57.0%), whereas in cohort C the intermediate stocking rate (>30-<53 kg/sqm) was slightly
more frequently used (37.2%) than the other two categories. There is an obvious tendency
towards more space for the birds in raising in both cohorts, with the lowest stocking rate
of below 30 kg/sqm being most often used in raising (72.7%), whereas in fattening the
mid stocking rate (>30-<53 kg/sqm) was slightly more frequently used (43.4%) than the
other two categories. During the raising period, the lowest stocking density was used
most frequently in cohort C (63.5%) and consistently in cohort H. While in cohort C the
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highest stocking rate (>53—-<58 kg/sqm) and the middle category were preferably used
during fattening (50.0, 43.0%), in cohort H the lowest and the mid stocking rate were almost
equally often used (45.6, 44.3%) during fattening. In summary, statistically significant
(p < 0.001) higher stocking rates were observed in cohort C and during the fattening phase.

3.3.5. Litter

Considerable heterogeneity was observed regarding the litter used. Whereas in 65.7%
of the cohort C production periods and in 68.5% of the fattening periods only one type of
litter was used, this was the case for only 34.9% of the periods in raising and for only 21.9%
of the periods in cohort H, where wood shaving litter was not used at all. In contrast to this,
in cohort H in fattening wood shavings straw mix was also more often used than straw only
(60.8 vs. 39.2%). In raising, a combination of wood shavings with straw (as mix or respread)
was most often used (62.6%) with 100% use in raising in cohort H. The most commonly used
litter in cohort C was straw only (53.1%) while this applies to 21.9% of the cohort H periods.
There, a combination of wood shavings with straw (as mix or respread) was most often
used (78.1%) compared to cohort C (30.6%). There was a statistically significant difference
in litter use for each of the comparisons (p < 0.001), i.e., higher use of a combination of
straw and wood shavings in cohort H and in raising.

3.3.6. Watering System

All farms—except one that introduced water hygienization in later production
periods—did not show any within-farm heterogeneity in use of watering system. In general,
hygienized city water (using acidification, chlorine dioxide, sodium hypochlorite solution,
hydrogen perioxide, electrochemically activated solution, Virkon® H,O, LANXESS India
Private Limited, Wagle Estate, India) was the most frequently used watering system in both
cohorts (54.4% vs. 41.7%). City water without additional hygienization was in second place
in cohort C (27.2%), and fountain water was in second place in cohort H (35.8%) where
fountain water was used in fattening periods only. In raising, hygienized city water was the
most frequently used watering system (64.1%), while in fattening, hygienized city water,
fountain water and city water were used almost equally often (33.3 vs. 30.6 vs. 26.1%). In
fattening, in cohort C hygienized city water was used most often (43.4%) followed by city
water (35.0%), while in cohort H fountain water was used in more than two thirds of the
fattening periods (68.4%). There was a statistically significant difference in watering system
use for each of the comparisons (p < 0.001, p = 0.002 for the comparison of raising and
fattening in cohort C), i.e., higher use of fountain water in cohort H and during fattening.

3.3.7. Feed Origin

Opverall, in cohort C and raising, there was a tendency to feed the birds with purchased
feed only (56.5%, 68.2%), whereas in cohort H and during fattening, own produced feed
combined with purchased feed was used most frequently (55.0%, 57.2%). There was a
statistically significant difference in feed origin between cohort C and cohort H (p = 0.022)
and between raising and fattening (p < 0.001), i.e., more often the use of purchased feed only
in cohort C and raising. No feed change apart from phase feeding practice was recorded.

3.3.8. Functional Phytochemicals

Functional phytochemicals were more frequently used in cohort H (46.4 vs. 10.9%,
p < 0.001) and were slightly more often used in fattening (23.0 vs. 15.7%), in both instances
typically as a mix, but for the latter comparison there was no statistically significant dif-
ference detected. In contrast, in cohort H functional phytochemicals were statistically
significantly more often used in fattening (53.2 vs. 16.0%, p < 0.001), whereas in cohort
C functional phytochemicals were statistically significantly more often used in raising
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(15.5 vs. 6.3%, p < 0.001). In cohort C, in fattening periods, the category ‘a mix of functional
phytochemicals” was not observed at all. Hence, there was a statistically significant differ-
ence in use of functional phytochemicals between the two cohorts and between raising and
fattening, but within the two cohorts only (p < 0.001), i.e., more use in cohort H, more use
in fattening in cohort H, more use in raising in cohort C.

3.3.9. Hygiene Score

In both cohorts, a high hygiene score was most often assigned (73.5 vs. 65.6%).
In cohort C, in raising and fattening, a high hygiene score was most often allocated
(73.0, 73.4%), while in cohort H, in raising a high hygiene score was most often assigned
(84.0%) and in fattening a moderate hygiene score was most often allocated (55.7%). There
was a statistically significant difference in the hygiene score between raising and fattening
overall (p = 0.005) and especially in cohort H (p < 0.001), but neither between the two
cohorts nor between raising and fattening in cohort C.

3.3.10. Government Measures

Governmental measures due to antimicrobial use above benchmark value II were in
place in both cohorts for some periods but were not necessary for most of the production
periods (81.0 vs. 86.8%), nor for most of the raising and fattening periods (75.3 vs. 88.7%).
There was a statistically significant difference in the frequency of governmental measures
due to antimicrobial use above benchmark value II between raising and fattening (p < 0.001,
p = 0.01, p = 0.009 for the comparison of raising and fattening in cohort C and cohort H),
with a higher frequency for raising periods.

3.3.11. Season

In both cohorts, birds were kept throughout the year, with no clearly visible peak
production phases.

3.3.12. Genetics and Gender

Uniformly, the B.U.T. Big Six breed was raised, fattened and bred. There were more
production periods with males than females in both cohorts, with this difference being
more pronounced in cohort H (62.9 vs. 71.5%). There were more males than females in both
raising and fattening (67.6, 67.1%), with slightly more males in fattening than in raising in
cohort C (58.8 vs. 67.1%) and more males in raising than in fattening in cohort H (84.0 vs.
68.4%). However, there was no significant difference between the two cohorts nor between
raising and fattening except from a significant difference between raising and fattening in
cohort H (p = 0.047).

3.3.13. Raising Location

For both cohorts, most often chicks for fattening were raised externally on another
farm (48.0 vs. 60.4%). For the remaining production periods, in both cohorts chicks were
more often raised externally in another stable on the same farm (37.7 vs. 26.4%). Hence,
there was no statistically significant difference between the two cohorts.

3.3.14. Relocation of Birds During the Production Period

Animals were more often relocated more than once in cohort H (41.1%), whereas in
cohort C birds were relocated only once (50.3%), and rarely more than once (0.7%). Animals
were not relocated more often in raising (90.4%). In contrast, in fattening, birds were most
often relocated once (70.7%), while in cohort H, fattening birds were more often relocated
more than once (60.8%) compared to only once (29.1%). There were statistically significant
differences in relocation of turkeys during the production period between raising and
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fattening and between the two cohorts (p < 0.001); i.e., birds were more often relocated in
cohort H and in fattening.

3.3.15. Raising in Groups

Mixed-sex raising was performed in cohort H (23.8%, p < 0.001) and there in fattening
periods only (45.6%, p < 0.001), but not at all in cohort C. However, mixed-sex raising is
performed at other farms not using homeopathy, other than those in the study.

3.3.16. Vaccination According to Recommended Standard Vaccination Schedule

Turkeys were vaccinated according to a standard vaccination schedule (Turkey Rhino-
Tracheitis (TRT), NewCastle Disease (ND), Haemorrhagic Enteritis (HE)) more often in
cohort H (45.6 vs. 70.9%) and in fattening (52.5 vs. 61.3%), which was complemented
through autogenous vaccines, also more often in cohort H (18.7 vs. 23.8%), leading to
a comprehensive vaccination scheme in 94.7% of the production periods in cohort H. In
contrast to this, less than the standard vaccination schedule was applied in 35.7% of the
production periods in cohort C. For raising and fattening periods, the completion through
autogenous vaccines (both 16.2%) resulted in a comprehensive vaccination scheme of
68.7 vs. 77.5% of the production periods. In cohort C, turkeys were vaccinated according to
a standard vaccination schedule more often in raising (47.3 vs. 44.8%), while in cohort H
this was the case in fattening (68.0 vs. 91.1%). There was a statistically significant difference
in the application of a standard vaccination schedule between cohort C and cohort H
(p < 0.001), but there was no statistically significant difference in the application of a stan-
dard vaccination schedule between raising and fattening, while in cohort H, fattening birds
were statistically significantly more often vaccinated according to a standard vaccination
protocol compared to raising (p < 0.001).

3.3.17. Breeding Companies

Chicks were purchased from six different breeding companies with unequal use
of breeding farms between the two cohorts. Overall, in cohort C, chicks originated with
highest frequency from breeding company ‘B1’, while in cohort H there was a predominance
for breeding company ‘B4’. Raising chicks originated with the highest frequency from
breeding company ‘Bl’, followed by ‘B4’, while in fattening there was a predominance for
breeding company ‘B4’, followed by ‘B1’. There were significant differences between the
two cohorts and between raising and fattening (p < 0.001).

3.3.18. Slaughterhouses

Birds were slaughtered in five different slaughterhouses, with unequal use of slaugh-
terhouses between the two cohorts. In cohort C, birds were most frequently delivered to
slaughterhouse ‘S2’, but also two other slaughterhouses were frequently used (‘S3’, ‘S4’).
In cohort H, most fattening groups were slaughtered in ‘S3” while the bio-dynamic farm
animals were slaughtered on the farm. There were significant differences between the two
cohorts (p < 0.001).

3.3.19. Egg-Laying Week 5-24 of Parents

Information on the egg-laying week of the parents was missing most of the time in
both cohorts (63.3 vs. 100%) and in most of the raising and fattening periods (66.7 vs.
81.5%). There was a statistically significant difference in the availability of information on
the egg-laying week of parents between cohort C and H and between raising and fattening
(p = 0.001) which was also true for raising and fattening in cohort C (p = 0.005) while there
was no information at all on the egg-laying week of parents in cohort H. Details can be seen
in Table 2.
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3.3.20. Specifics of the Single Breeding Farm

The single breeding farm in this study was specific as regards several potential
management-related risk factors such as breeding company, season (no housing dates
in autumn), as well as production standards (significantly longer length of stay). Regarding
animal-related potential risk factors, a higher proportion of animals were vaccinated with
autogenous vaccines in addition to the standard vaccination schedule, compared to cohorts
C and H raising and fattening periods. Chicks originated from the breeding company
‘B2’ only, which was not considered by any other farm. With only one breeding farm in
cohort H and no breeding farm in cohort C, and the management differences observed
when compared to the other farms in the study, the breeding farm was excluded from
most statistical analyses, reducing the available number of production period records by
20 records (Table 3).

3.3.21. Treatment Intensity, Production, Performance-Specific, and Animal
Welfare Parameters

Among the treatment intensity, production, performance-specific, animal welfare and
safety parameters there was no statistically significant difference between cohort C and
cohort H identified for overall mortality (median 3.7 vs. 3.7%) and weight at slaughter
(21.0 vs. 20.7 kg for males and 10.2 vs. 10.3 kg for females). While mortality in raising
was significantly lower in cohort H (3.1 vs. 1.9%, p < 0.001), mortality in fattening was
comparable between the two cohorts (4.8 vs. 4.3%). There was a significantly lower
mortality in raising compared to fattening (2.7 vs. 4.5%, p < 0.001). There was no statistical
difference between the raising and fattening for homeopathic treatment days (19 vs. 20) in
cohort H.

The recorded age at the start of fattening showed considerable heterogeneity, which
was also reflected in the age at the end of raising, as well as in the age at the end of fattening.
Animals were significantly younger at start of fattening in cohort H (median 42 vs. 41,
mean 51.3 vs. 47.9, p = 0.001) and older at the end of raising in cohort C (median 45.5 vs.
36, p = 0.009). Overall, there was a significantly longer length of stay, regardless of the
production period in cohort H (72 vs. 108, p < 0.001). Age at the end of the fattening period
was higher in cohort H (145 vs. 174, p < 0.001) which was due to significant differences
detected in females (113 vs. 219, p < 0.001) while there were no significant differences
observed in males (150 vs. 148, p = 0.367). Raising for breeding periods were assigned to
raising, and breeding periods were assigned to fattening in this overall analysis.

There was a significantly lower treatment frequency in cohort H (9.9 vs. 2.3, p < 0.001)
and a significantly lower incidence of antibiotic treatment days in cohort H (0.14 vs. 0.01,
p < 0.001), and in fattening (0.19 vs. 0.06, p < 0.001). The latter result was also true for
comparison of raising and fattening in cohort C (0.23 vs. 0.09, p < 0.001) and cohort H
(0.14 vs. 0.0, p < 0.001) when separately analyzed. There was a significantly lower treatment
frequency in fattening overall (8 vs. 5.1, p < 0.001); however, in cohort C no statistically
significant difference between raising and fattening was detectable, which is in contrast to
a significantly lower incidence of antibiotic treatment days in fattening in cohort C.

Daily weight gain was significantly lower in cohort C (135.4 vs. 142.7, p = 0.003) which
was due to significant differences detected in males (141.8 vs. 143.5, p = 0.017) while there
were no significant differences observed in females (89.8 vs. 85.6, p = 0.102). Both number of
confirmed infections and number of suspected infections were significantly lower in cohort
H (2 vs. 1, p <0.001 for each value) and significantly lower in fattening (2 vs. 1, p < 0.001),
while for the comparison of raising and fattening in cohort C for suspected infections the
p-value was p = 0.001.
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Number of deaths at arrival at slaughter (0.09 vs. 0.06, p = 0.002) and total condem-
nation (0.7 vs. 0.4, p < 0.001) were significantly lower in cohort H. Percentages of total
condemnations per slaughterhouse in cohort C and cohort H is displayed in Figure 3.
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Figure 3. Illustrates the comparison of total condemnations by slaughterhouse (%) between cohorts C
and H. Median values are presented for both cohorts (colour code: blue: cohort H, red: cohort C).
Outliers are marked with dots (mild) or stars (severe).

There was no indication of adverse or serious adverse treatment or vaccination events

available in the treatment records of all farms included in this study. Details can be seen
in Table 4.
Condemnations (%) by slaughterhouse and study cohor
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Table 4. Differences in treatment intensity, production, performance specific and animal welfare parameters by comparison of medians between conventional farms

(cohort C) and homeopathy farms (cohort H), between raising (R) and fattening (F) periods for both cohorts combined, and between R and F periods within C and

H cohorts separately, using the Kruskal-Wallis (KW) Test to assess statistical significance, in a study on commercial turkey production in Germany (2019-2021).

Significant differences (p < 0.05) are marked in bold.

Production Period Level Count/Interval-Level Variables

445 Production Periods 420 Production Periods Cohort C 291 Production Periods Cohort H 129 Production Periods
Variable Level Total C H KW_p Total R F KW_p Total R F KW_p Total R F KW_p
Technical Data for Statistical Analysis
Median 11,684 6501 <0.001 11,825 9574 <0.001 12,090 11,354 0.635 9743 5500 <0.001
Number of animals at beginning of p 1526 670
the production period o] = _ _ - _ — ~ _
p p Min-Max 1647-54,608 275-20,215 1647-54,608 24,500 1647-54,608 24,500 20,215 275-19,913
Median 0 0 <0.001 0 28 <0.001 0 0 <0.001 0 35 <0.001
Age athousing (days)
Min-Max 0-79 0-51 0-1 0-79 0-1 0-79 0-0 0-51
Median 42 41 0.001 42 42 37
Age at start of fattening (days)
Min-Max 26-83 18-204 18-83 26-83 18-61
Median 45.5 36 0.009 41.5 45.5 35
Age at end of raising * (days)
Min-Max 26-83 20-204 20-83 26-83 20-61
Median 145 174 <0.001 146 145 149
Age atend of fattening all * (days)
Min-Max 106-183 111413 106-245 106-183 111-245
Median 150 148 0.367 149
Age at end of fattening males * (days)
Min-Max 139-183 138-413 139-245
Age atend of fattening Median 113 219 <0.001 117
females * (days) Min-Max 106-125 111-413 106-245
Age atend of individual Median 81 144 <0.001 42 146 <0.001 46 145 <0.001 35 149 <0.001
period *** (days) Min-Max 26-183 20-413 20-83 106-245 26-83 106-183 20-61 111-245
Sum of homeopathic treatment Median 0 25 <0.001 0 0 0.01 0 0 19 20 0.079
days (days) Min-Max 0-0 3-80 0-35 0-40 3-35 5-40
Median 10 3 <0.001 10 5 <0.001 11.5 8 <0.001 7 1 <0.001
Sum of treatment days (days)
Min-Max 0-55 0-36 0-55 0-36 0-55 0-34 0-23 0-36
Sum of antibiotic treatment Median 9 3 <0.001 8 5 <0.001 10 8 0.012 5 0 <0.001
days (days) Min-Max 0-45 0-27 0-45 0-33 0-45 0-33 0-21 0-27
Median 10,711 4864 <0.001 9138 10,711 5285
Number of animals slaughtered ) 205- 4431—
Min-Max 4431-22,660 225-19,403 22,660 22,660 225-19,403
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Table 4. Cont.

Production Period Level Count/Interval-Level Variables

445 Production Periods 420 Production Periods Cohort C 291 Production Periods Cohort H 129 Production Periods
Variable Level Total C H KW_p Total R F KW_p Total R F KW_p Total R F KW_p
Technical Data for Statistical Analysis
Length of stay during production Median 72 108 <0.001 42 89 <0.001 46 83 <0.001 35 122 <0.001
period *** (days) Min-Max 26-148 20-375 20-83 62-202 26-83 62-148 20-61 76-202
Median 715,390 362,853 <0.001 433,002 823,985 <0.001 468,291 898,179 <0.001 288,648 597,595 0.348
Average animal days at
risk *** (days) Min_Max 75,348— 12,953 75,348— 37,750 75,348— 353,213 121,380- 37,750
3,438,873 1,706,086 2,950,371 3,438,873 2,950,371 3,438,873 941,070 1,706,086
Treatment frequency (with losses) *** Median 9.4 2.14 <0.001 8.0 5.1 <0.001 10.1 8.1 0.095 5.0 0 <0.001
(number of antibiotic treatments per 3
production period) Min-Max 0-31.6 0-26.5 0-29.5 0-31.6 0-29.5 0-32.1 0-20.8 0-26.5
Treatment-intensity-specific and animal welfare parameters
Incidence of antibiotic treatment Median 0.14 0.01 <0.001 0.19 0.06 <0.001 0.23 0.09 <0.001 0.14 0 <0.001
days *** (proportion (%) of days -
at risk) Min-Max 0-0.6 0-0.4 0-0.6 0-0.4 0-0.6 0-0.4 0-0.4 0-0.3
Median 3.1 19 <0.001
Mortality raising (%)
Min-Max 0.5-18.4 0.2-9.1
Median 48 4.4 0.308
Mortality fattening *** (%)
Min-Max 0.3-30.2 1.3-18.2
Median 37 37 0.081 27 4.5 <0.001 3.1 4.8 <0.001 1.9 43 <0.001
Mortality all *** (%)
Min-Max 0.3-30.2 0.2-18.2 0.2-18.4 0.3-30.2 0.5-18.4 0.3-30.2 0.2-9.1 1.3-18.2
Production and performance-specific and animal welfare parameters
Median 20.1 20.6 0.165 20.4 20.1 20.6
Weight at slaughter all ** (kg)
Min-Max 9.1-24.1 9.3-23.3 9.1-24.1 9.1-24.1 9.3-23.3
Median 21.0 20.7 0.155 20.9
Weight at slaughter males ** (kg)
Min-Max 16.3-24.1 18.8-23.3 16.3-24.1
Median 10.2 10.3 0.928 10.2
Weight at slaughter females ** (kg)
Min-Max 9.1-11.7 9.3-10.6 9.1-11.7
Median 135.4 142.7 0.003 137.9 135.4 142.7
Average daily weight gain all ** (g) . 77 3— 773
Min-Max 77.3-152.3 81.8-161.2 161.2 1523 81.8-161.2
Median 141.8 143.5 0.017 142.3
Average daily weight gain
males ** (g) Min-Max 1162-1523  127.4-1612 e
Median 89.8 85.6 0.102 89.4
Average daily weight gain
females ** (g) Min-Max 77.3-99.5 81.8-91.0 9797 g;
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Table 4. Cont.

Production Period Level Count/Interval-Level Variables

445 Production Periods 420 Production Periods Cohort C 291 Production Periods Cohort H 129 Production Periods
Variable Level Total C H KW_p Total R F KW_p Total R F KW_p Total R F KW_p
Technical Data for Statistical Analysis
Number of infectious disease events  Median 2 1 <0.001 2 1 <0.001 2 1 <0.001 15 0 <0.001
confirmed by laboratory findings  Min-Max 0-13 0-8 0-13 0-8 0-13 0-7 0-6 0-8
Number of suspected infectious Median 2 1 <0.001 2 1 <0.001 3 2 0.001 2 1 <0.001
disease events based on clinical -
diagnosis and /or necropsy results Min-Max 0-14 0-10 0-14 0-10 0-14 0-7 0-6 0-10
Median 0.7 0.4 <0.001 0.6 0.7 0.4
Totally condemned carcasses ** (%)
Min-Max 0.1-3.9 0.1-2.3 0.1-3.9 0.1-3.9 0.1-2.3
Median 0.09 0.06 0.002 0.1 0.09 0.06
Death on arrival ** (%)
Min-Max 0.01-4.6 0-0.2 0-4.6 0.01-4.6 0-0.2
Adverse events no 445 100.0 100.0 420 100.0 100.0 291 100.0 100.0 129 100.0 100.0
Serious adverse events no 445 100.0 100.0 420 100.0 100.0 291 100.0 100.0 129 100.0 100.0

* In the analysis of 445 production periods, raising for breeding periods were assigned to raising, and breeding periods were assigned to fattening to perform a complete statistical
analysis of all 445 production periods. ** For production specific parameters of weight at slaughter, average daily weight gain, totally condemned carcasses and death on arrival neither
data from the biodynamic farm (# = 36) nor from the breeding farm (1 = 10) nor from the production periods without any slaughter data (1 = 5) were available. *** For treatment intensity,
production and performance-specific parameters of mortality, treatment frequency, treatment incidence, average animal days at risk, length of stay during production period, age at the
end of the individual period were not available from the production periods without any slaughter data (1 = 5).
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4. Discussion

The data collection was performed through the development and implementation
of four questionnaires in LimeSurvey (Cloud Version 5.6.18). This captured information
on characteristics related to (a) the farmer/farm manager, (b) the farm itself, and (c) a
“raising/fattening /breeding report” per respective animal batch and production period
that captured information from different sources (i.e., farmer, veterinarian, slaughterhouse,
etc.). This structured data collection ensured that all relevant data was included (when
available) in a systematic way, thus reducing reporting bias and misclassification [36].
Predefined inclusion and exclusion criteria led to the exclusion of some farms initially
interested in participating in the study, and exclusion of some production batches for which
relevant information could not be extracted from the records. As it is rarely feasible to
recruit a truly random sample of farmers to provide observational reports as described by
Pfeiffer et al. (2021) [36], it must be assumed that farmers from the C cohort are not fully
representative of the target population. The same might be true for farmers in the H cohort;
however, when comparing the study cohort characteristics with national statistics, both
cohorts seemed to perform better than the national average. For comparison of parameters
between cohorts within this study, the effect of selection bias therefore is considered to be
minor. Recall bias related to the retrospective study design cannot be fully excluded at
least for parameters that could not be extracted from existing documentation; but, again,
we do not consider this to differ between the comparison groups, thus having only little
if any influence on the comparisons presented here. A prospective observational study
design might reduce potential recall bias but would face similar challenges in the selection
of farms—especially given voluntary participation.

The final sample of farms included 21 farms from southern Germany and four farms
from the East, but unfortunately, no farms were located in the West or North of the country.
This certainly reduced the possibility to capture the full variability present in commer-
cial turkey production of Germany but was not preventable (a) due to the homeopathic
veterinarian being located in the South of Germany and having contacts to cooperating
veterinarian practices predominately in this region, and (b) the voluntary response to join
the study by farms treated with conventional medicine only. We nevertheless consider
our presentation of the range of expressions of farmer, farm and production period charac-
teristics as well as disease, antibiotic treatment, production and performance parameters
of value for comparison between cohorts, and with national and international turkey
production data.

In our field study, to encompass the wide range of turkey farming practices, partic-
ipation of a biodynamic farm was accepted. This biodynamic farm showed noticeable
differences in housing conditions and management-related factors, such as almost all
fattening periods having outdoor husbandry. Animal-related factors differed as well,
such as being raised in mix-sex groups, and having a longer length of stay during fat-
tening, but although the length of the fattening period was equal for males and females
on this farm for production-specific logistical reasons, the average length of stay was at
least comparable with data from the EU regulation on organic farming (between 140 and
180 days). The proportion of organic/biodynamic farms in our study (2%) corresponds
to the total proportion of organic/biodynamic farms among turkey farms in Germany
(4%) [2,15]. Also to encompass the wide range of turkey farming practices, participation
of a breeding farm was accepted. The breeding farm showed even more differences in
housing conditions and management-related factors as well as animal-related factors. These
included a significantly longer length of stay during raising for breeding and breeding
period, resulting in high maximum values in this parameter; breeding farms depict a com-
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pletely different production system, not comparable to commercial turkey raising and/or
fattening farms.

Regarding the observed heterogeneity between the two cohorts and between raising
and fattening, for example, cohort H had a significantly higher number of poultry farms
nearby, included outdoor husbandry, and had production periods with mixed raising, while
cohort C covered neither organic nor biodynamic husbandry type nor breeding farms. For
the latter reason and due to being a completely different production system not comparable
to commercial turkey raising and/or fattening farms, the breeding farm from cohort H had
to be excluded from further analysis. In raising, e.g., there was a higher use of a combination
of straw and wood shavings observed, while in fattening one litter type only was used
most frequently. In raising, a high hygiene score was most common, while in fattening
a moderate hygiene score was more common in cohort H. Furthermore, in the raising
periods, e.g., cohort H had a lower stocking rate and relocated the birds more often than
cohort C. As regards the fattening periods, e.g., cohort C used functional phytochemicals
less frequently, while cohort H used them more frequently. Considering the potential
effect of these factors on the treatment intensity, production, performance-specific and
animal welfare parameters as identified in the scoping review of Sonnenschein-Swanson
et al. (2025) it is interesting to observe that there were no significant differences between
cohort H and C in all farm-level characteristics except for poultry farms nearby, and at
the production-period (batch) level for characteristics such as feed change, hygiene score,
government measures, season, genetics, gender and raising location, and between raising
and fattening periods for feed change season, genetics, gender and vaccination schedule
(except from cohort H) [5]. A more detailed analysis of the impact of all factors, while
taking the observed heterogeneity into account, is foreseen [5,37].

Our study results were within the range of the description provided in German
poultry yearbooks from the years 2020 to 2022 and from the report for the period 2018-2021
by the German Federal Gazette, as regards parameters such as genetics (B.U.T. Big Six
only), production rhythm (continuous process when more than one stable was available,
which was most commonly the case), in-house ventilation technique (open housing most
common), stocking rate (maximum stocking density 58 kg/sqm (males) and 52 kg/sqm
(females)), litter (use of wood shavings and straw during raising, and of wood shavings or
short straw during fattening), feed origin (compounder feed or combined feeding in phase
feeding programs), raising location (external on another farm), raising in groups (separated
sex), vaccination (according to standard vaccination schedule). This was also true for
treatment intensity, production, performance-specific and animal welfare parameters of
weight at slaughter (Germany, national average of 21.47 kg at an age of 145 days for males,
10.73 kg at an age of 111 days for females) as well as daily weight gain (Germany, national
average of daily weight gain of 148 g for males, daily weight gain of 97 g for females),
while data on mortality (both genders: Germany, national average of 5.65%) as well as
on treatment frequency 2019 to 2021 (benchmarking 13.7-16.9) were higher compared to
our study results even though average number of animals per farm was lower (Germany,
national average of 5300) [6-8,38].

Data and results from our study farms, as compared with industry data shown above,
were considered reasonably comparable to the overall population of commercial turkey
farms in Germany, with all caveats regarding selection bias. Relevant information was
provided, indicating a high variability in specific turkey production characteristics (despite
existing industry standards) and little to no variability in other parameters. Benchmark
comparison indicated a possible selection bias towards best-performing farms in cohort
C, as already assumed and reported by treating veterinarians and farmers. This potential
selection bias might be due to the fact that not all regions in Germany were represented
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by farmers whose turkeys were treated by our non-homeopathic cooperating veterinary
practices. In cohort H, a selection bias cannot be completely ruled out. Although all
farmers who had their turkeys treated with homeopathy by a veterinarian specializing in
homeopathy and employed by our research team’s cooperating veterinary practice agreed
to participate, only this subset may be reflected. Results of our study still showed that the
incidence of antibiotic treatment days was lower in cohort H compared to cohort C, which
was also displayed by the treatment frequency results. But due to voluntary participation
in cohort C (and H) and due to potential best-practice homeopathy offered by veterinarians
specializing in homeopathy and employed by our research team’s cooperating veterinary
practice in cohort H generalizability of results might be limited. Number of infections
was significantly lower in cohort H compared to cohort C, which is in line with results
from the literature showing that homeopathic treatment led to a significant and clinically
relevant reduction of (recurrent) infections [18,39-43]. Although the exact mode of action
needs to be further elucidated [44], homeopathy is based on stimulating autoregulatory
and self-healing processes, enabling the organism to initiate a systemic self-reorganization
towards more robust functioning as a whole [45,46]. Production-period-related mortality
was not significantly different between the two cohorts. We regarded mortality, and
total condemnation at slaughter as the most robust production, performance-specific,
animal welfare parameters. Mortality data must be unequivocally documented, and the
standardized examination procedure in poultry defined in article 11 and 25 as the reasons
for condemnation in article 45 of the EU regulation 2019/627 is also documented [47].

A strength of our study was a finely detailed collection of relevant data, not available
until now, which is important for design and implementation of future studies. A weakness
of this analysis is that the issue of non-independence is not appropriately accounted for in
the descriptive analysis of the 445 productions periods. Hence, p-values are to be considered
with caution due to potential clustering effect inflating Type I error.

Our scoping review [5] as well as our field study identified a magnitude of factors
that might be relevant when assessing their influence on treatment intensity, production,
performance specific and animal welfare parameters also captured in this study. Our
results displayed the high complexity and dynamic processes of poultry production as
did Van Limbergen et al. (2020) wherein causal pathways with statistically significant
associations in the multivariable models between several management, performance, hous-
ing and health variables in broiler farms were claimed [3,5]. Junghans et al. (2020) and
Liining et al. (2023) provided some more examples of the complexity of the dynamic
processes involved [4,48].

The results of our field study in turkeys from 2019 to 2021 support the evidence
that veterinarians who practice both complementary and conventional medicine (that is,
integrative medicine) use fewer antibiotics, but due to heterogeneity detected there remains
a strong need for targeting the multivariable aspects of antimicrobial usage in turkey
production considering specific random and fixed factors in order to find relevant risk
factors and develop uni- and multivariate statistical models linking a range of risk factors
to specific health and production outcomes. This statistical approach will be fundamental
to the subsequent article based on cohort C and H comparison of 420 production periods,
considering raising and fattening only, to provide specific recommendations on AMU
monitoring and benchmarking [18,49-51].

5. Conclusions

Our study results capture the complexity and heterogeneity of the production system,
and the hierarchical structure of animals within consecutive or parallel production batches
on farms in the field. This accentuates a need to map the reality of turkey production in
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respective research projects [5]. There is evidence that veterinarians who practice both
complementary and conventional medicine (that is, integrative medicine) use fewer an-
tibiotics [18,49], which supports our study results. Hence, antimicrobial prevention and
treatment strategies utilizing complementary medicine may contribute to reducing antibi-
otic use, but more rigorous research is necessary to provide more high-quality evidence of
effectiveness [18,49].

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/poultry5020019/s1. Table S1: Supplemental Material S1: Meta
information on variables included in the study data set; adapted to Supplementary Materials S5 and
S6 of the already published study protocol [19]. Table S2: Supplemental Material S2a: Variability
of potential risk factors within production periods, between production periods, between farms is
described for both cohorts together and separately where applicable (for explanation of numerically
coded categories see Supplement S1). Table S3: Supplemental Material S2b: Summary of variability
of potential risk factors within production periods, between production periods, between farms is
described for both cohorts together and separately where applicable (for explanation of numerically
coded categories see Supplement S1). Table S4: Supplemental Material S3: Potential risk factors
evaluated at farm level for no occurrence and most occurrence and on production period level for
most occurrence for production period specific risk factors based on absolute numbers from 25 farms
and 445 production periods.
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