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Good calf health is crucial for a successfully operating farm business and

animal welfare on dairy farms. To evaluate calf health on farms and to identify

potential problem areas, benchmarking tools can be used by farmers, herd

managers, veterinarians, and other advisory persons in the field. However, for

calves, benchmarking tools are not yet widely established in practice. This

study provides hands-on application for on-farm benchmarking of calf health.

Reference values were generated from a large dataset of the “PraeRi” study,

including 730 dairy farms with a total of 13,658 examined preweaned dairy

calves. At herd level, omphalitis (O, median 15.9%) was the most common

disorder, followed by diarrhea (D, 15.4%) and respiratory disease (RD, 2.9%).

Abnormal weight bearing (AWB) was rarely detected (median, 0.0%). Calves

with symptoms of more than one disorder at the same time (multimorbidity,

M) were observed with a prevalence of 2.3%. The enrolled farms varied

in herd size, farm operating systems, and management practices and thus

represented a wide diversity in dairy farming, enabling a comparison with

similar managed farms in Germany and beyond. To ensure comparability of

the data in practice, the reference values were calculated for the whole data

set, clustered according to farm size (1–40 dairy cows (n = 130), 41–60 dairy

cows (n = 99), 61–120 dairy cows (n = 180), 121–240 dairy cows (n = 119)
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and farms with more than 240 dairy cows (n = 138), farm operating systems

(conventional (n = 666), organic (n = 64)) and month of the year of the farm

visit. There was a slight tendency for smaller farms to have a lower prevalence

of disorders. A statistically significant herd-size e�ect was detected for RD (p

= 0.008) and D (p < 0.001). For practical application of these reference values,

tables, diagrams, and an Excel
®

(Microsoft
®
) based calf health calculator were

developed as tools for on-farm benchmarking (https://doi.org/10.6084/m9.

figshare.c.6172753). In addition, this study provides a detailed description of

the colostrum, feeding and housing management of preweaned calves in

German dairy farms of di�erent herd sizes and farm type (e.g., conventional

and organic).

KEYWORDS

diarrhea, bovine respiratory disease, omphalitis, organic farming, benchmarking tool,

animal wellbeing and welfare, calf disease

Introduction

The most common disorders in preweaned dairy calves
are diarrhea, respiratory disease, and omphalitis (1). Diseases
in calves have a variety of negative effects such as growth
retardation, a higher susceptibility to develop further diseases
and an increased risk of mortality (2–5). A wide spectrum of
risk factors affecting calf health have been reported, including
energy supply of the dam (6), colostrum supply of the neonate
(7), housing conditions (8), and plane of nutrition (9). Previous
studies have shown that farm-specific characteristics, e.g.,
colostrum management (10) and housing conditions (11), are
closely related to region and herd size. Season (12), climate
(13, 14), number of dairy cows (15), farm type [organic,
conventional, (16)], and region also have a great impact.

The health status of its youngstock substantially contributes
to the profitability of a dairy farm. Therefore, on-farm
monitoring of health indicators should form an integral part
of the routine work on dairy farms. Currently, the choice
of appropriate health indicators, and the classification of
the results obtained with respect to the quality indicate no
uniformity among the persons involved in the calf rearing
process. Likewise, there is a degree of farm blindness regarding
poor conditions (17). For this reason, objective assessment
parameters are needed to evaluate the health status of preweaned
dairy calves during the farm visit. Benchmarking is a simple
established method initially used in industry for comparing the
performance of producers with respect to product quality and
has been introduced in dairy farming. Benchmarking enables
a comparison of farms sharing similar characteristics and
simultaneously helps to identify areas for potential improvement
(18, 19).

In modern dairy farming, a wide range of sensor data from
lactating dairy cows, e.g., milk yield and udder health indicators
(20) or indicators of fertility (21), are already systematically

collected and analyzed in the daily work routine. Previous
studies have already shown that farmers who have access to data
related to calf health from other farms are highly motivated
to improve their own management practices, e.g., by aiming at
increasing average daily weight gains of their preweaned dairy
calves (22, 23). In addition, the use of benchmarks can help
to reinforce the relationship between farmers and veterinarians
(24). In this context, it was also found that farmers motivated
by a trusted advisor were more likely to make changes in disease
prevention management (25).

Despite the already observed positive effects of
benchmarking, to date, there are no widely established
hands-on applications available to assess the health status of
preweaned calves on farms. There is also a lack of reference
values on herd-level for prevalence data on diseases in
preweaned dairy calves based on a large study population. The
scarce available literature on calf health on organic farms does
not yet provide representative data that can be made applicable
to all organic farms (26). Furthermore, most studies focus on
conventional farms. Therefore, the aim of the present study
was to use a large and diverse data set, including 730 German
dairy farms and 13,658 examined preweaned dairy calves to
provide representative herd level reference values in tables and
figures for use in on-farm consultancy. A further aim was to
develop a digital calf health calculator which allows farmers,
herd managers, veterinarians, and other advisory persons to
benchmark farm data on the basis of these reference values.

Materials and methods

Data set

As part of the prevalence study “PraeRi” (25), 731 farms
in three regions of Germany with intensive dairy farming were
visited on a single occasion between December 2016 and July
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TABLE 1 Study population and farm data for 730 dairy farms in Germany stratified by herd size and farm type.

No. farms (n) Median (IQR)#

Conventional

Total

(n = 730)

Overall

(n = 666)

1–40*

(n = 130)

41–60*

(n = 99)

61–120*

(n = 180)

121–240*

(n = 119)

>241*

(n = 138)

Organic

(n = 64)

Study population

Dairy cows (n) 84 (44, 88) 90 (48, 206) 27 (22, 34) 51 (46, 57) 85 (69, 102) 162 (137, 204) 426 (317, 644) 42 (27, 80)

Preweaned calves (n) 13 (7, 27) 15 (8, 31) 5 (3, 8) 10 (7, 13) 13 (9, 18) 24 (17, 31) 66 (45, 90) 7 (3, 12)

Examined calves (n) 12 (6, 25) 13 (7, 28) 5 (3, 7) 9 (6, 12) 12 (8, 17) 21 (16, 29) 41 (37, 71) 6 (3, 11)

Examined calves (%) 96 (83, 100) 95 (82, 100) 100 (100, 100) 100 (86, 100) 100 (89, 100) 94 (87, 100) 79 (64, 89) 100 (89, 100)

Age at weaning (wk) 11 (10, 12) 11 (9, 12) 11 (9, 12) 12 (10, 12) 11 (9, 12) 11 (9, 12) 10 (10, 12) 12 (12, 14)

Area under cultivation

Total area (ha) 100 (52, 328) 104 (55, 400) 32 (23, 50) 56 (43, 90) 92 (68, 120) 190 (130, 438) 1,300 (726, 2,000) 63 (36, 128)

Thereof grassland (ha) 44 (24, 100) 45 (24, 100) 18(12, 29) 25 (20, 35) 41(30, 64) 78 (50, 130) 280 (128, 455) 40 (26, 63)

Thereof arable (ha) 50 (19, 200) 55 (21, 260) 10 (3, 25) 30 (15, 50) 45 (66, 325) 140 (50, 130) 960 (487, 1,500) 24 (0, 78)

#Interquartile range.
*Number of dairy cows.

2019. Farm visits included seven federal states: region north:
Schleswig-Holstein (n = 64), Lower Saxony (n = 173); region
east: Mecklenburg-Western Pomerania (n = 65), Brandenburg
(n = 65), Thuringia (n = 46), Saxony-Anhalt (n = 71); region
south: Bavaria (n = 247). The final data set included 730 farms
with a total of 13,658 calves (one farmwith one calf was excluded
because information about fecal consistency was missing).

Farm selection

In Bavaria, the farms were randomly selected by a neutral
auditing organization for Bavarian dairy farms (Milchprüfring
Bayern e.V.) and in the remaining federal states, the farms
were randomly selected from the complete list of cattle owners
in the Identification and Registration of Bovine Animals in
accordance with Regulation (EC) No. 1760/2000 Germany
(Herkunftssicherung- und Informationssystem für Tiere, HI-
Tier). The selection was made using SAS software version 9.4
(SAS Institute Inc., Cary, NC, USA). The farms were officially
invited by the local authorities or the Dairy Herd Improvement
Association. The participation was voluntary. The participation
rate varied among the three regions between 6 and 9%. In total,
8,944 farms were invited, and of these, 765 farms were visited.
On the day of the farm visit, 731 farms kept preweaned dairy
calves [details published elsewhere (1)].

Training of veterinarians and
interobserver comparison

The farm visits and clinical examination were performed
by 21 veterinarians. The study veterinarians were employed

exclusively for this study. A training session lasting several days
was conducted before the study started and Standard Operation
Procedures (SOP) were defined for the collection and analysis
of the data. An interobserver comparison was performed once
a year to ensure the quality of the collected data. Each observer
received an individual evaluation of his/her achievements.When
significant deviations were observed for individual observers, an
individual problem analysis was performed [details concerning
the Interobserver Reliability are published elsewhere (1)].

Study population

The study population included calves, which received milk
or milk replacer, aged 24 h to a maximum of 6 months. In total,
a median of 14 (Min: 1; Max: 350) calves were present on the
farms at the day of the visit (Supplementary Table 3). Depending
on herd size, at least one to a maximum of 75 preweaned
calves were clinically examined (Supplementary Table 3). In
total, for almost all preweaned calves (96%, IQR: 83–100%) on
farm an examination was performed (Table 1). Each calf was
identified by the last five digits of its ear tag. Data on age, sex,
and breed were collected from the online data bank HI-Tier
(www.hi-tier.de). Overall, the median age of preweaned calves
enrolled in the study was 37 (IQR: 16–62, Table 1) days. The
most commonly reported breeds were Holstein Friesian (73.4%)
and Simmental (12.7%). In total, one quarter of the examined
calves were male [data published elsewhere (1)].

Clustering by herd size and farm type

The 730 farms differedmarkedly in herd size, farm operating
systems, and management. Depending on the number of
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dairy cows, the farms were assigned to one of five different
herd size groups: 1–40 dairy cows (n = 130), 41–60 dairy
cows (n = 99), 61–120 dairy cows (n = 180), 121–240
dairy cows (n = 119), and farms with more than 240 dairy
cows (n = 138). Farms of different size varied regarding the
area under cultivation, additional occupation of the farmers
(full- or part-time business) and their use of veterinary
herd health management (VHHM) advisory services (Tables 1,
2). Due to the structural differences between organic and
conventional farms, a separate description of the organic farms
was issued. The organic farms had a median of 41.5 (IQR:
27.0, 79.5) dairy cows, cultivated a median area of 63.0 hectares
and were sometimes (18.8%) run as part-time businesses
(Table 2).

The description of the farms (herd size, area under
cultivation, farm type) in dependence on three regions (north,
east, and south) is given in the Supplementary Tables 1, 2.

Calf rearing strategies of farms enrolled
in the “PraeRi” study

Colostrum management

On the day of the farm visit, an interview with the farmer
(or herd manager) was conducted. Questionnaires were used to
collect information on calving area (e.g., maternity pen, pen of
lactating cows, pasture), colostrum (quantity, feeding strategy),

TABLE 2 Farm organization and the use of veterinary herd health management (VHHM) advisory services on 730 dairy farms in Germany stratified

by herd size and farm type.

N (%)

Conventional

Total

(n = 730)

Overall

(n = 666)

1–40*

(n = 130)

41–60*

(n = 99)

61–120*

(n = 180)

121–240*

(n = 119)

>241*

(n = 138)

Organic

(n = 64*)

Farm organization

Full-time business 676 (92.6) 624 (93.8) 90 (69.8) 98 (99.0) 179 (99.4) 119 (100.0) 138 (100.0) 52 (81.2)

Part-time business 54 (7.4) 41 (6.2) 40 (30.8) 1 (1.0) 1 (0.6) 0 (0.0) 0 (0.0) 12 (18.8)

Conventional 661 (90.4) 660 (99.1) 127 (97.7) 97 (98.0) 179 (99.4) 119 (100.0) 138 (100.0) 0 (0.0)

Organic 64 (8.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 64 (100.0)

Transition# 6 (0.8) 6 (0.9) 3 (2.3) 2 (2.0) 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0)

VHHM

For dairy cows 399 (54.7) 346 (52.0) 107 (82.3) 66 (66.7) 95 (53.1) 45 (37.8) 33 (23.9) 52 (82.5)

For youngstock 159 (21.8) 153 (23.0) 7 (5.3) 12 (12.2) 24 (13.4) 34 (28.6) 76 (55.1) 6 (9.4)

*Number of dairy cows.
#Farms in process of transition from conventional to organic farming (in the analysis they were evaluated as conventional farms).

TABLE 3 Colostrummanagement in 730 dairy farms in Germany stratified by herd size and farm type.

N (%)

Conventional

Total

(n = 730)

Overall

(n = 666)

1–40*

(n = 130)

41–60*

(n = 99)

61–120*

(n = 180)

121–240*

(n = 119)

>241*

(n = 138)

Organic

(n = 64*)

Supply

Sucking the dam 156 (21.4) 129 (19.4) 12 (9.2) 21 (21.2) 50 (27.8) 32 (26.9) 14 (10.3) 27 (42.2)

Bucket feeding 541 (74.2) 504 (75.9) 118 (90.8) 78 (78.8) 123 (68.3) 81 (68.1) 104 (76.5) 36 (56.2)

Esophageal tube 31 (4.3) 30 (4.5) 0 (0.0) 0 (0.0) 6 (3.3) 6 (5.0) 18 (13.2) 1 (1.6)

Quantity

Up to 3 liters 397 (68.6) 374 (69.3) 93 (78.2) 59 (75.6) 87 (65.9) 61 (68.5) 74 (60.7) 22 (57.9)

>3 to 4 liters 154 (26.6) 140 (25.9) 25 (20.8) 16 (20.5) 36 (27.3) 25 (28.1) 38 (31.1) 14 (36.8)

>4 liters 28 (4.8) 26 (4.8) 1 (0.8) 3 (3.8) 9 (6.8) 3 (3.4) 10 (8.2) 2 (5.3)

*Number of dairy cows.

Frontiers in Veterinary Science 04 frontiersin.org

https://doi.org/10.3389/fvets.2022.990798
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Dachrodt et al. 10.3389/fvets.2022.990798

and feeding management (milk or milk replacer, solid feed,
water) of preweaned calves up to weaning. The majority of
farms (74.2%) fed colostrum with a teat bucket (Table 3). In
just over a fifth of the farms (21.4%) calves sucked the dam as
colostrum feeding strategy. This mainly concerned farms with
61–120 dairy cows (27.8%) and farms with 121–240 dairy cows
(26.9%, Table 3). In more than two-thirds of the farms (68.6%),
up to 3 l of colostrum were offered (Table 3). Overall, 26.6% of
the farms offered 3–4 l of colostrum (Table 3). More than 4 l were
rarely fed (4.8%); the highest proportion of farms offering more
than 4 l of colostrum were found in the herd size group with
more than 240 dairy cows (8.2%, Table 3).

Feeding management and housing conditions
in the first 2 weeks of life

During the first 2 weeks of life, preweaned calves in all
herds were predominantly fed whole milk (59.7%), followed
by acidified whole milk (15.8%), and milk replacer (15.6%,
Table 4). The most common maximum volume offered to calves
at that age was 6 l per day (44.5%, Table 4). On one quarter of
the farms (25.3%), more than 6–8 l per day were fed per calf.
Overall, 15% of the farms offered a volume of more than 16 l
per day (Table 4). The majority of farms fed the calves twice
daily (23). In the first 2 weeks of life, on conventional farms,
it was common that calves were kept in single housing (92.9%,

Table 4). Every fifth organic farm (23.8%, Table 4) housed calves
in groups.

Feeding management and housing conditions
from the 3rd week of life

From the 3rd week of life, milk replacer (49.0%) was the
main feed component on conventional farms, followed by whole
milk (32.1%), other liquid diets, such as a mix of milk replacer
and whole milk or yogurt (10.1%), and acidified whole milk
(7.5%, Table 5). Organic farms did not offermilk replacer to their
calves. More than 6–8 l per day was the most common volume
of liquid diets (36.5%), followed by more than 8–10 l per day
(27.1%, Table 5). In this age group, more than 16 l per day were
offered less frequently (7.4%, Table 5). The majority of farms fed
the calves twice daily (23). From the third week of life, it was
more common for all herds to keep preweaned calves in group
housing (81.9%, Table 5).

Weaning

Overall, the median age at weaning was 11 (IQR: 10–12)
weeks of life. The weaning age varied slightly depending on
herd size (Table 1). Farms with 41–60 dairy cows offered liquid
feeding for a longer period of time (12 weeks) compared to those
with more than 241 dairy cows (10 weeks). On organic farms,

TABLE 4 Feeding management and housing conditions of preweaned dairy calves in the first 2 weeks of life on 730 German dairies stratified by herd

size and farm type.

N (%)

Conventional

Total

(n = 730)

Overall

(n = 666)

1–40*

(n = 130)

41–60*

(n = 99)

61–120*

(n = 180)

121–240*

(n = 119)

>241*

(n = 138)

Organic

(n = 64*)

Feeding management

Whole milk 436 (59.7) 385 (57.9) 100 (76.9) 57 (57.6) 98 (54.7) 66 (55.5) 64 (46.4) 50 (78.1)

Milk replacer 114 (15.6) 114 (17.1) 9 (6.9) 14 (14.1) 39 (21.8) 24 (20.2) 28 (20.3) 0 (0.0)

Acidified whole milk 115 (15.8) 108 (6.2) 13 (9.9) 16 (16.2) 23 (12.8) 16 (13.4) 40 (29.0) 7 (10.9)

Others+ 63 (8.6) 58 (8.7) 8 (6.1) 12 (12.1) 19 (10.6) 13 (10.9) 6 (4.3) 5 (7.8)

Offered volume of liquid diet per day

<6 l 323 (44.5) 299 (45.0) 67 (51.5) 49 (50.0) 88 (48.9) 51 (42.9) 44 (32.1) 23 (37.7)

>6–8 l 184 (25.3) 169 (25.5) 28 (21.4) 29 (29.6) 39 (21.7) 31 (26.1) 42 (30.7) 15 (24.6)

>8–10 l 82 (11.3) 73 (11.0) 17 (13.0) 7 (7.1) 15 (8.3) 15 (12.6) 19 (13.9) 9 (14.8)

>10–16 l 28 (3.9) 26 (3.9) 5 (3.8) 2 (2.0) 13 (7.2) 4 (3.4) 2 (1.5) 2 (3.3)

>16 l 109 (15.0) 97 (14.6) 13 (9.9) 11 (11.2) 25 (13.9) 18 (15.1) 30 (21.9) 12 (19.7)

Housing

Single 678 (92.9) 629 (94.4) 123 (94.6) 96 (97.0) 170 (94.4) 111 (93.3) 129 (93.5) 48 (76.2)

Group 52 (7.1) 37 (5.6) 7 (5.3) 3 (3.0) 10 (5.6) 8 (6.7) 9 (6.5) 15 (23.8)

*Number of dairy cows.
+Mix of whole milk and milk replacer, yogurt, 1st week whole milk, 2nd week milk replacer.
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TABLE 5 Feeding management and housing conditions of preweaned dairy calves from the 3rd week of life on 730 German dairies stratified by herd

size and farm type.

N (%)

Conventional

Total

(n = 730)

Overall

(n = 666)

1–40*

(n = 131)

41–60*

(n = 99)

61–120*

(n = 180)

121–240*

(n = 119)

>241*

(n = 138)

Organic

(n = 64*)

Feeding management

Whole milk 235 (32.1) 185 (27.8) 66 (50.8) 31(31.3) 48 (26.7) 25 (21.1) 15 (10.9) 49 (76.6)

Milk replacer 358 (49.0) 358 (53.8) 38 (29.2) 41(41.4) 94 (52.2) 80 (67.2) 105 (76.1) 0 (0.0)

Acidified whole milk 55 (7.5) 47 (7.1) 8 (6.2) 11 (11.1) 14 (7.8) 2 (1.7) 12 (8.7) 8 (12.5)

Others+ 74 (10.1) 69 (10.4) 17 (13.0) 16 (16.2) 21 (11.7) 10 (8.4) 5 (3.6) 5 (7.8)

Volume of liquid diet per day

0–6 l 122 (17.1) 115 (17.6) 17 (13.1) 14 (14.4) 44 (25.0) 23 (19.8) 17 (12.5) 7 (11.7)

>6–8 l 261 (36.5) 243 (37.2) 40 (31.0) 41 (35.3) 64 (36.4) 41 (42.3) 57 (41.9) 18 (30.0)

>8–10 l 194 (27.1) 179 (27.4) 38 (29.5) 24 (24.7) 44 (25.0) 37 (31.9) 36 (26.5) 14 (23.3)

>10–16 l 85 (11.9) 74 (11.3) 29 (22.5) 13 (13.4) 17 (9.7) 7 (6.0) 8 (5.9) 11 (18.3)

>16 l 53 (7.4) 43 (6.6) 5 (3.9) 5 (5.2) 7 (4.0) 8 (6.9) 18 (13.2) 10 (16.7)

Housing

Single 125 (17.1) 115 (17.3) 47 (36.2) 27 (27.3) 25 (14.0) 9 (7.6) 7 (5.1) 10 (15.6)

Group 597 (81.9) 542 (81.6) 81 (62.3) 72 (72.7) 152 (84.9) 108 (90.8) 140 (94.2) 54 (84.4)

*Number of dairy cows.
+Mix of whole milk and milk replacer, yogurt.

the calves were completely weaned at a median age of 12 (IQR
12–14) weeks (Table 1).

Random sample of calves for clinical
examination

Up to 73 preweaned calves, all calves on farm were
clinical examined. When this number was exceeded, a random
sampling was taken [details are published elsewhere (1)].
Nevertheless, in a few cases more than 73 calves were
examined by mistake. This resulted in a true maximum of 75
calves being examined per farm. The sample calculation was
performed with a prevalence of 40% at a confidence level of
95% with a power of 80% and a precision of ± 5% being
expected (1, 25).

Clinical examination and definition of disorders

Overall, a clinical examination by trained veterinarians
was performed on a median of 12 (IQR: 6–25) preweaned
dairy calves. The number of calves varied according to herd
size, with a median of 5 to a median of 41 preweaned calves
being examined per farm (Table 1). The clinical examination
included auscultation of the lungs, palpation of the external
umbilical structures, visual examination of the limbs at rest
and in motion, taking the rectal temperature, and visual
assessment of the fecal consistency [for a detailed description
of the clinical examination, see (1)]. All findings were recorded
on a data sheet using a scoring system. Assigning clinical

signs to different disorders was based on predefined criteria
for pathognomonic symptoms (case definition shown in
Table 6). The following disorders were addressed: diarrhea
(D), omphalitis (O), abnormal weight bearing (AWB), and
respiratory disease (RD).

Calves showing characteristic clinical signs of more than
one disorder (e.g., thickening of the umbilical structures,
and liquid or soft feces) were classified as multimorbid
(multimorbidity, M).

Statistical analysis

All statistical analyses were performed using R version 4.1.3
(R Foundation for Statistical Computing, Vienna). Descriptive
tables were created using the tableone R package [version
0.13.0, (27)]. The prevalence of disorders was calculated as
the percentage of the number of examined sick calves to the
number of all examined calves on farm. Reference values for
farm-level prevalences were calculated as 10, 25, 50 (median),
75, and 90% quantiles. Two repeated ANOVA measurements
were taken to calculate the p-values for the effect of farm size
and organic management on the prevalence. For both models, a
random effect for region was included to account for clustering.
Due to large differences in farm size between organic and
conventionally managed farms, the organic management model
was additionally adjusted for farm size. A p-value ≤ 0.05 was
considered significant.
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To account for the higher variability in prevalence on
smaller farms, we used funnel plots. These show the confidence
interval around the average prevalence for a given number of
observations (i.e., number of calves) on the farm (28). Since
confidence intervals are wider on farms with a lower number
of observations (i.e., calves), this addresses the inherently higher
variation in the measured prevalence in smaller farms. The
confidence intervals were calculated using the modified Jeffreys
method, which are equally tailed and provide better coverage
close to 0 and 100% (29). Confidence intervals were calculated
for 95 and 99.9% confidence levels and both upper and lower
limits were plotted.

Development of the calf health calculator

To calculate reference values for the prevalence at 10, 25, 50,
75, and 90% quantiles based on the number of calves, farm type
(organic, conventional), and season, quantile non-parametric
additive models were used [R package qgam version 1.3.4, (30)].
The seasonal effect was modeled as a circular spline based on the
day of year. The effect of the number of calves was modeled as a
restricted cubic spline to account for the higher variability in the

upper quantiles (75 and 90%) of prevalence for smaller sample
sizes (see funnel plot). The estimated model formed the basis
for a spreadsheet usingMicrosoft

R©
Excel

R©
to allow stand-alone

and offline on-farm usage of the farm-specific reference data.

Results

Overall prevalence of disorders on herd
level independent of farm type (organic
and conventional farms)

The overall prevalence of disorders presented in Table 7
can be used as general reference values in the daily counseling
practice. The estimation of the prevalence of the following
disorders was conducted for 730 dairies with a total of 13,658
preweaned dairy calves. At herd level, omphalitis (O, median
15.9%) was the most common disorder, followed by diarrhea
(D, 15.4%) and respiratory disease (RD, 2.9%). Abnormal
weight bearing (AWB) was rarely detected (median, 0.0%).
Calves with symptoms of more than one disorder at the same
time (multimorbidity, M) were observed with a median herd
level prevalence of 2.3%. In these multimorbid calves, disease
combinations of O, D, and RD occurred most frequently.

TABLE 6 Case definition of disorders based on characteristic clinical signs detected in the clinical examination.

Clinical examination Characteristic clinical sign* Disorder

Visual examination of the limbs at rest

and in movement

Unequal load of at least one limbOR congenital contracture

of the flexor tendons

+/− Other findings Abnormal weight bearing

(AWB)

Auscultation of the lungs Increased, louder breathing sounds + Fever

- Liquid or soft feces

+/− Other findings

Reduced, low to complete absence of normal breathing

sounds (“silent lung”)

+/− Other findings

Additional sounds besides normal breathing sounds

including crackles or wheezes

+/− Other findings Respiratory disease (RD)

Reinforcement of the tracheobronchial breathing; breathing

sounds that in healthy calves are only heard over the large

airways (e. g. the trachea) can be heard over the chest wall

+/− Other findings

Palpation of external umbilical

structures

Inflammatory navel abnormalities: thickening and/or

swelling and/or pain and/or heat, excluded uncomplicated

umbilical hernia

+/− Other findings Omphalitis (O)

Determination of fecal consistency

(directly from rectum)

Feces watery or soupy (runs through fingers) +/− Other findings Diarrhea (D)

Measurement of transrectal body

temperature

>39.5◦Ca Evaluation only in combination with

<38.0◦Cb other clinical signs

*The presence of the clinical sign is sufficient for diagnosis; +/− clinical sign may be present but does not have to be present; − clinical sign must not be present for diagnosis; + clinical
sign must be present for diagnosis.
aDefined as fever.
bDefined as low body temperature.

Frontiers in Veterinary Science 07 frontiersin.org

https://doi.org/10.3389/fvets.2022.990798
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Dachrodt et al. 10.3389/fvets.2022.990798

Prevalence of disorders on conventional
farms stratified by the number of dairy
cows

There was a noticeable trend that with an increasing number
of dairy cows in a herd, the prevalence of diarrhea (D),
omphalitis (O), and multimorbidity (M) also increased. This
concerned especially farms with more than 41 dairy cows. On
farms with more than 61 dairy cows, the prevalence level of
respiratory disease (RD) partly decreased with increasing herd
size. The p-values for the effect of farm size were calculated as
follows: for D (p < 0.001), RD (p = 0.008), AWB (p = 0.651),
O (p = 0.135), and M (p = 0.098). Due to differences between
herds in the prevalence of disorders, it was useful to compare
farms with similar numbers of dairy cows. The differences in
prevalence due to farm size are presented in Tables 8A–E.

A total of 1–40 dairy cows

On farms with 1 to 40 dairy cows (n = 130) a minimum
of one to a maximum of 19 preweaned calves were examined
(median: 5; IQR 3–7). Clinical examination was performed for
all preweaned calves (median 100%). On at least 50% of the
farms, no calves with disorders were detected (median, 0.0%). In

the 75%-quantile of farms, every 4th calf had D (24.3%), every
5th calf had O (20.0%), and every 10th calf had RD (10.8%,
Table 8A).

A total of 41–60 dairy cows

On farms with 41 to 60 dairy cows (n = 109) all preweaned
calves on farm were examined (median 100%; IQR: 86–100%).
Clinical examination was conducted for at least one calf to
a maximum of 28 calves (median: 9; IQR: 6–12). When
considering the median, D was the most common disorder
(15.4%), followed by O (12.5%). On at least 50% of the farms,
no calves with RD, AWB, and M were observed (median 0.0%).
In the 75%-quantile of farms, at least one third of the examined
calves had O (33.3%) or D (33.3%) and at least more than 1 of 10
calves suffered from RD (11.1%) or M (11.4%, Table 8B).

A total of 61–120 dairy cows

At least 2 to a maximum of 46 preweaned calves per farm
were examined (median: 12; IQR: 8–17) in a herd size with
61–120 dairy cows (n = 180). This corresponds to almost all
presented preweaned calves on farm (median 100%; IQR: 86–
100%). In this herd size group, Owas themost common disorder
with a median herd level prevalence of 21.2%, followed by D

TABLE 7 Herd prevalence of disorders in 13,658 preweaned calves on 730 German dairies.

Disorder Q0.1 Q0.25 Median Q0.75 Q0.9 Mean

Respiratory disease (RD) 0.0 0.0 2.9 12.2 21.2 7.8

Diarrhea (D) 0.0 0.0 15.4 26.2 37.6 17.1

Abnormal weight bearing (AWB) 0.0 0.0 0.0 0.0 1.5 1.0

Omphalitis (O) 0.0 4.3 15.9 30.2 50.0 20.6

Multimorbidity (M)* 0.0 0.0 2.3 10.0 17.6 6.4

M_RD*a 0.0 0.0 0.0 2.6 8.3 2.4

M_D*a 0.0 0.0 0.0 7.7 14.3 4.8

M_AWB*a 0.0 0.0 0.0 0.0 0.0 0.4

M_O*a 0.0 0.0 0.0 8.3 16.7 5.4

Q0.1 : 10%-quantile; Q0.25 : 25%-quantile; Q0.75 : 75%-quantile; Q0.9 : 90%-quantile.
*Calves showing characteristic clinical signs of more than one disorder at the same time.
aEach subset of superordinate group Multimorbidity (M) with the occurrence of the following disorder combinations: RD, D, AWB, and O. Bold indicates the median values.

TABLE 8A Herd prevalence of disorders in preweaned dairy calves on 130 farms with 1 to 40 dairy cows*.

Disorder Q0.1 Q0.25 Median Q0.75 Q0.9 Mean

Respiratory disease 0.0 0.0 0.0 10.8 25.0 6.7

Diarrhea 0.0 0.0 0.0 24.3 40.0 12.3

Abnormal weight bearing 0.0 0.0 0.0 0.0 0.0 1.4

Omphalitis 0.0 0.0 0.0 20.0 50.0 13.5

Multimorbidity 0.0 0.0 0.0 0.0 14.3 4.0

*At the day of farm visit with a median of 5 (IQR: 2.5–7.0), calves underwent clinical examination.
Q0.1 : 10%-quantile; Q0.25 : 25%-quantile; Q0.75 : 75%-quantile; Q0.9 : 90%-quantile. Bold indicates the median values.
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(14.9%), and RD (5.7%). On at least 50% of the farms, no calves
with more than one disorder at the same time (multimorbidity)
were detected (median 0.0%). In the 25%-quantile of the farms,
almost 1 of 10 calves had an omphalitis (9.1%, Table 8C).

A total of 121–240 dairy cows

In a herd size between 121 and 240 dairy cows (n = 119) at
least 3 to a maximum of 63 preweaned calves were examined
(median of 21; IQR: 16–29). Of the total number of calves
on farm, on median 94% (IQR: 87–100%) of the calves were
examined. When considering the median, O was the most
common diagnosis (18.1%), followed by D (15.4%) and RD
(5.6%). In the 25%-quantile of farms, D and O were detected
with a prevalence of 7.9 and 12.5%, respectively. On the 10% of
farms with the lowest prevalence, O was found in 7.1% of the
examined calves (Table 8D).

A total of 241 and more dairy cows

On farms with more than 241 (Max: 2,821) dairy cows (n
= 138) at least 5 to a maximum of 75 preweaned calves were
examined (median 41; IQR: 37–71). Clinical examination was
carried out for 79% (IQR: 64–89%) of the total number of calves
on farm. Diarrhea (21.0%) was the most common diagnosis,
followed by O (19.5%), and RD (5.3%). In the 25%-quantile of
farms, D, O, and RD were detected with a prevalence of 14.9,
12.9, and 2.6%, respectively. Even on the 10% of farms with the
lowest prevalence, calves with D (8.6 %), O (9.5%), andM (0.9%)
were found (Table 8E).

Prevalence of disorders in calves on
organic farms

Table 9 assesses the health status of the preweaned calves
on organic farms. The organic farms (n = 64) enrolled in this
study had a median of 42 (IQR: 27–80; Min: 1; Max: 297)
dairy cows. At the day of the farm visit, at least one to a
maximum of 33 calves were examined (median: 6; IQR: 3–
11). Considering the median (IQR: 89–100%), an examination

of all preweaned calves on farm was conducted. The most
common calf disorders observed on organic farms were diarrhea
(D, 8.7%) and omphalitis (O, 8.5%). On at least 50% of the
organic farms, no calves with respiratory disease (RD), abnormal
weight bearing (AWB) and multimorbidity (M) were observed.
In the 75%-quantile of farms, every 4th calf had D (25.0%)
and every 5th calf had O (20.8%). Respiratory disease (4.7%)
and M (4.1%) were detected to a lesser extent (Table 9). There
was a noticeable tendency for organic farms to have a lower
prevalence of disorders than similar sized conventional farms.
The farm-size adjusted p-values of this effect were calculated for
the following disorders: D (p = 0.092), RD (p = 0.082), AWB
(p = 0.127), O (p = 0.295), and M (p = 0.441). Although a
difference in the prevalence of disorders was observed between
organic and similar sized conventional farms, however, this was
not statistically significant.

Evaluation prevalence adjusted for the
number of examined calves (funnel plots)

The funnel plots (Figure 1) visualize the distribution of the
prevalences of disorders according to the number of calves
on the farm. The number of farms can also be determined
from the size of the dots in the diagram. For every possible
number of examined calves (up to 75) on a farm, confidence
intervals around the overall average prevalence were calculated.
The confidence intervals were calculated for 95 and 99.9%
confidence intervals. The lower the number of calves, the wider
the confidence interval. The confidence intervals can be used to
assess whether the disorders occur sporadically, are randomly
distributed, or occur at an increased rate. In cases of sporadic
occurrence, not more than 1 in 20 farms should lie outside of
the interval for 95% CI (yellow marked area) and not more than
1 in 1,000 for 99.9% CI (red marked area). If more farms are
outside of the CI, this can be an indication that major outbreaks
are common for this particular disease. For the individual farm,
this indicates a major outbreak is in progress. For example,
it can be observed that diarrhea and omphalitis often lead to
larger outbreaks (Figure 1). For abnormal weight bearing, there

TABLE 8B Herd prevalence of disorders in pre-weaned dairy calves on 99 farms with 41–60 dairy cows*.

Disorder Q0.1 Q0.25 Median Q0.75 Q0.9 Mean

Respiratory disease 0.0 0.0 0.0 11.1 25.6 9.1

Diarrhea 0.0 0.0 15.4 33.3 41.8 18.7

Abnormal weight bearing 0.0 0.0 0.0 0.0 1.1 0.9

Omphalitis 0.0 0.0 12.5 33.3 50.0 19.2

Multimorbidity 0.0 0.0 0.0 11.4 20.0 6.5

*At the day of farm visit with a median of 9 (IQR: 6.0–12.0), calves underwent clinical examination.
Q0,1 : 10%-quantile; Q0,25 : 25%-quantile; Q0,75 : 75%-quantile; Q0,9 : 90%-quantile. Bold indicates the median values.

Frontiers in Veterinary Science 09 frontiersin.org

https://doi.org/10.3389/fvets.2022.990798
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Dachrodt et al. 10.3389/fvets.2022.990798

TABLE 8C Herd prevalence of disorders in pre-weaned dairy calves on 180 farms with 61–120 dairy cows*.

Disorder Q0.1 Q0.25 Median Q0.75 Q0.9 Mean

Respiratory disease 0.0 0.0 5.7 14.3 23.9 9.0

Diarrhea 0.0 0.0 14.9 25.0 35.2 16.4

Abnormal weight bearing (AWB) 0.0 0.0 0.0 0.0 0.0 0.9

Omphalitis (O) 0.0 9.1 21.2 40.3 60.0 26.1

Multimorbidity 0.0 0.0 0.0 12.5 19.0 7.3

*At the day of farm visit with a median of 12.0 (IQR: 8.0–17.0), calves underwent clinical examination.
Q0.1 : 10%-quantile; Q0.25 : 25%-quantile; Q0.75 : 75%-quantile; Q0.9 : 90%-quantile. Bold indicates the median values.

TABLE 8D Herd prevalence of disorders in pre-weaned dairy calves on 119 farms with 121–240 dairy cows*.

Disorder Q0.1 Q0.25 Median Q0.75 Q0.9 Mean

Respiratory disease 0.0 0.0 5.6 12.5 19.1 8.2

Diarrhea (D) 0.0 7.9 15.4 22.9 36.6 17.3

Abnormal weight bearing (AWB) 0.0 0.0 0.0 0.0 3.4 1.3

Omphalitis (O) 7.1 12.5 18.1 31.6 52.6 24.0

Multimorbidity 0.0 0.0 5.3 10.0 17.4 6.8

*At the day of farm visit with a median of 21 (IQR: 16.0–29.0), calves underwent clinical examination.
Q0.1 : 10%-quantile; Q0.25 : 25%-quantile; Q0.75 : 75%-quantile; Q0.9 : 90%-quantile. Bold indicates the median values.

TABLE 8E Herd prevalence of disorders in pre-weaned dairy calves on 138 farms with more than 241 dairy cows*.

Disorder Q0.1 Q0.25 Median Q0.75 Q0.9 Mean

Respiratory disease 0.0 2.6 5.3 10.2 15.4 7.0

Diarrhea (D) 8.6 14.9 21.0 29.2 36.0 22.7

Abnormal weight bearing (AWB) 0.0 0.0 0.0 0.0 2.5 0.5

Omphalitis (O) 9.5 12.9 19.5 26.8 35.0 20.8

Multimorbidity 0.9 2.9 5.8 10.5 16.2 7.6

*At the day of farm visit with a median of 41 (IQR: 37.0–71.0), calves underwent clinical examination.
Q0.1 : 10%-quantile; Q0.25 : 25%-quantile; Q0.75 : 75%-quantile; Q0.9 : 90%-quantile. Bold indicates the median values.

is no increased clustering within farms. Respiratory disease
also shows a minor tendency for an increased frequency of
occurrence, and multimorbidity results from a combination of
all disorders.

Calf health calculator

Prevalence depending on season, farm size,
and farm type

Figure 2 shows the estimated quantile functions, which are
the basis for the calf health calculator. The seasonal effect
was modeled as a circular spline (i.e., after December comes
January) based on the day of the year. The number of calves
was estimated as a restricted cubic spline and estimated values
are given exemplarily (n = 10, n = 20, n= 30, etc.) for
conventional and organic farms. The level of prevalence in the

90%-quantile decreased with increasing number of examined
calves on the farm. The levels of the other quantiles (Q0.1, Q0.25,
median, Q0.75) were not affected by the number of examined
calves on the farm. Respiratory diseases, D, and M occurred
more frequently in the fall. Omphalitis was most common in
the summer months. At the individual animal level, it was
already determined that no seasonal effect can be represented
for abnormal weight bearing (1). Therefore, in the present
study, the prevalence of abnormal weight bearing by season is
not illustrated.

Calf health calculator in excel

On the basis of the results obtained in the present
study, a digital calculator was developed that allows for
classification of the health status of preweaned dairy calves
as determined on a farm visit through real-time access by
comparison with the underlying study population. Reference
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TABLE 9 Herd prevalence of disorders on herd level on 64 organic farms*.

Disorder Q0.1 Q0.25 Median Q0.75 Q0.9 Mean

Respiratory disease 0.0 0.0 0.0 4.7 19.0 5.5

Diarrhea (D) 0.0 0.0 8.7 25.0 33.3 14.2

Abnormal weight bearing (AWB) 0.0 0.0 0.0 0.0 0.0 0.2

Omphalitis (O) 0.0 0.0 8.5 20.8 47.0 14.7

Multimorbidity 0.0 0.0 0.0 4.1 14.3 4.9

*At the day of farm visit with a median of 6 (IQR: 3.0–11.0), calves underwent clinical examination.
Q0.1 : 10%-quantile; Q0.25 : 25%-quantile; Q0.75 : 75%-quantile; Q0.9 : 90%-quantile. Bold indicates the median values.

FIGURE 1

Prevalence of disorders stratified by number of examined preweaned dairy calves on the farm. The dotted line marks the mean, the solid line

marks the upper and lower 95% CI, and the dashed line marks the upper and lower 99.9% CI. In cases of sporadic occurrence, not more than 1 in

20 farms should lie outside of the interval for 95% CI (yellow marked area) and not more than 1 in 1,000 for 99.9% CI (red marked area). The size

of the spots represents the number of farms with the similar prevalence of disorders and number of examined calves. Therefore, there are more

farms included, as the size of the dot increases.

values for the disease prevalence for respiratory disease (RD),
diarrhea (D), omphalitis (O), and multimorbidity (M) were
included. A model was fitted to account for seasonal effects,

farm type (organic, conventional) and number of examined
calves. As reference values, the 10, 25, 50 (median), 75,
and 90% quantiles of the observed data were used. The
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FIGURE 2

Prevalence of disorders based on number of preweaned dairy calves examined at the day of the farm visit for conventional and organic

managed dairy farms depending on day of year/month. Quantile functions were estimated using a quantile non-parametric additive model

(qgam) for 10, 25, 50, 75, and 90% quantiles. A continuous e�ect was estimated using restricted splines for number of calves and day of year

(circular). Exemplary values are shown for the number of calves (n = 10, n = 20, n = 30, etc.). The farm type (organic, conventional) e�ect was

estimated as a factor. These functions form the basis for the calf health calculator.

estimated reference values were entered into a spreadsheet
for on-farm use. The calf health calculator estimates the
farm-specific prevalence and benchmarks the results using the
reference values based on the underlying study population
automatically. The calculator is available as a stand-alone tool
for Microsoft

R©
Excel

R©
(https://doi.org/10.6084/m9.figshare.c.

6172753).

Discussion

The present study for the first time provides a deep insight
into the health status of preweaned dairy calves on herd-level
in three different regions of Germany on farms that differ in
herd size, management, and farm type (conventional, organic).
Data were obtained from databases of the testing associations
affiliated with the farms and collected during farm visits on a
single occasion by interview, visual observations, and clinical
examinations of individual calves. The results proved to be
suitable to establish benchmarks that allow for comparisons of
the health status of preweaned dairy calves on farms by herd size,
farm type, and month of the year. A digital tool (“calf health
calculator”) was developed that enables farmers, veterinarians

and other advisory persons, to classify the health-status of
preweaned calves in real-time subsequent to on-farm data
acquisition on a farm visit.

Pattern validity of the data set and
qualification as reference values

To our knowledge, the “PraeRi” (1, 25) study is the
first cross-sectional study presenting such an extensive and
diverse dataset including the description of the prevalence
of disorders of preweaned dairy calves on German dairies.
The final data set included 730 dairy farms with a total
of 13,658 preweaned dairy calves. The surveyed farms were
located in three different regions of Germany with intensive
dairy farming (31) and exhibited marked differences in herd
size, structure and management practices (1). These different
farms represent a wide variety of production characteristics
and thus allow a wide variety of different effects of potential
risk factors under field conditions. The farm visits took place
continuously in a 3-year period (December 2016 to July 2019).
The farms were randomly selected, and regular monitoring
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of the selection process ensured a high level of certainty in
the random sample of farms. The clinical examination of the
preweaned calves was performed by 21 trained veterinarians
employed explicitly for this study. Trainings for this purpose was
conducted and standard operation procedures were developed.
In addition, regular meetings and interobserver reliability tests
were performed to ensure a high reliability of the recorded data
(1). Thus, the estimated prevalences are suitable as reference
values for benchmarking dairy farms with a wide range of
different herd size, management structures, and geographic
location. Due to the diversity of German dairy farming, these
data are useful for comparing similarly structured farms in other
regions and countries as well.

Alignment of the estimated herd level
prevalence with previous studies

In the current study, the overall median herd level
prevalence for diarrhea (D, 15.4%) was slightly higher than
reported from Chilian dairy farms (15). However, the authors
suggest that the mean herd level prevalence of 12.7% may be
underestimated due to the small number of examined calves
and the fact that the diagnosis was only made by visual
inspection (15). In a Canadian study (32), the median within-
pen prevalence for D was 17.0% (IQR: 7.0–37.0%). In 19
commercial dairies in Minnesota and Ontario a median herd
level incidence risk of 10.5% for D was determined (12). The
estimated median herd level prevalence for respiratory disease
(RD, 2.9%) corresponds to results from a Norwegian cross-
sectional study (33). Other authors, reported noticeable higher
prevalence for RD. In a Chilian study, a median herd level
prevalence of 17.7% for RDwas detected (15) and in an US study
12.0% of the preweaned heifers were affected by RD (34).

Prevalence of omphalitis

The results of this study indicate that omphalitis (O)
accounted for the largest proportion of disorders (15.9%) at herd
level. The literature is primarily focused on D and RD as the
most common disorders in preweaned dairy calves (35–37). In
contrast, there is only scarce literature on the prevalence and
kind of O on dairy farms primarily focusing on male calves by
observations during a limited period of time and under poor
conditions (38–41). The diagnosis of O cannot be made on
the basis of visual observation alone but requires the collection
of vital parameters and palpation of the umbilical region of
the calf. Therefore, it is likely that the diagnosis O is missed
when monitoring calf health on farms. Analysis of the data
at individual animal level demonstrates that O is frequently
associated with other disorders such as D, RD, or AWB (1).

In addition, omphalitis should also be considered as a possible
cause of growth retardation (39), an increased susceptibility to
other diseases and mortality (41) in preweaned dairy calves.
Our findings show that farmers and veterinarians should devote
special attention to the umbilicus at parturition and in the 1st
days of life of the neonate. In addition, umbilical disorders
should find more consideration in future research.

Prevalence of disorders stratified by herd
size

The results of the present study demonstrate clear
associations between the herd size and the prevalence of
disorders in dairy calves. From the literature, it is well-known
that herd size has an effect on the prevalence of calf disorders
(42–45). For the effect of farm size, a statistically significant
difference for diarrhea and respiratory disease was found. An
effect of farm size on omphalitis, abnormal weight bearing,
and multimorbidity could also be observed, but this was not
statistically significant. Herd size is usually known and therefore
enables a comparison between similarly structured farms. Due
to the diversity of dairy farming in Germany, the findings of this
study can be used for comparison of similarly structured farms
of other regions and countries. The proportion of calves on dairy
farms affected by the disorders addressed in the present study
increased with herd size. On smaller farms, fewer preweaned
calves are kept, thus probably reducing the risk of infection,
and leaving more time for individual care of calves. However,
it should be noted that an effect of herd size could not be found
for all studied diseases. Furthermore, as the number of calves
examined on smaller farms was lower, the recorded diseases have
a more pronounced effect on the herd level prevalence of the
farm. Nevertheless, the authors assume as does Kaske (46) that
in cases of high prevalence of disorders, there may be deficits
in management and hygiene on the farm. Therefore, herd size
should be taken into account when including disease prevalence
in on-farm benchmarking.

Herd size and omphalitis

The results of this study revealed that with increasing
herd size the prevalence of omphalitis (O) increased as well.
Omphalitis results from mixed bacterial infections of the
umbilical structures (47). From the site of infection, bacteria can
spread into single joints or even cause fatal systemic infections
(48). It is likely that the higher number of calvings on large dairy
farms increase the infection pressure, reduce the time spent on
navel disinfection in individual calves or increase the occurrence
of navel sucking in larger groups of calves of the same age (49).
To prevent O, adequate hygiene in the maternity pen, quick
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removal of the newborn calves from the maternity pen as well as
quick supply of larger volumes of high-quality colostrum (50, 51)
are considered crucial. Disinfection of the umbilical structures
after birth can also reduce the risk of infection (52).

Herd size and respiratory disease

In farms with a herd size of <60 dairy cows, when
considering themedian, no calves with respiratory diseases (RD)
were detected. The highest prevalence of RD was observed
for herd sizes of 61–120 dairy cows (5.7%). With increasing
numbers of cows, the prevalence of RD slightly decreased.
Housing conditions for the preweaned calves have a great
impact on the occurrence of RD. On smaller farms, calves were
more often kept in smaller groups (≤7 calves), which could
have reduced the occurrence of RD (37, 53). In Germany, on
farms with up to 120 dairy cows, it is more common to use
old buildings for calf rearing and, in some cases, prophylactic
measures are not implemented (26). In unventilated barns, the
climatic conditions are often poor. Effects of sudden changes in
ambient temperature and humidity, exposure to dust and toxic
gases as well as deficient biosecurity measures promote higher
prevalences of RD (8, 14). Moreover, on larger farms, it is more
established to use prophylactic measures such as a vaccination
against RD compared with smaller farms (54). In a Norwegian
study it was observed that in larger herds (> 50 dairy cows),
the number of animals susceptible to infection was also higher,
which can lead to more infections during an outbreak (43). This
also promotes the possibility of pathogens circulating within a
herd over a longer period and thus can cause infections again
and again (55).

Herd size and diarrhea

The highest median herd level prevalence for diarrhea
(21.0%) was recorded for farms with more than 240 dairy cows.
In this herd size, the prevalence for diarrhea was also highest
in the top 10- and 25%-quantile of the farms. Diarrhea is
multifactorial by origin including infectious and non-infectious
factors. The most common pathogens causing diarrhea in
neonatal calves are enterotoxigenic E. coli (ETEC), rota- and
coronaviruses, and cryptosporidia (56–58). The pathogens are
present on every dairy farm (ubiquitous) and the infection
happens via the environment (maternity pen, housing of calves,
teat buckets, etc.) or by contact between calves. However,
higher internal infection pressure on farms increases the risk
of infection. Higher numbers of calvings and a high stocking
density in combination with deficient hygienic conditions lead
to an accumulation of pathogens in the animals‘ surroundings
increasing the risk of infection (42). The latter is especially true
for cryptosporidium that can survive for a long time in the
environment (44).

Herd size and multimorbidity

The proportion of multimorbid calves increased with
increasing herd size. The occurrence of diseases, especially
in the first 2 weeks of life, can promote the development
of other diseases (12, 59). The previous disorders may cause
immunosuppression and may result in a vulnerability to further
diseases (60). Moreover, with increasing herd size the time
for health monitoring of the individual calf will decrease (42).
This can limit the timely detection and treatment of the
disease which can lead to the manifestation of more than one
disorder simultaneously.

Calf rearing strategies on organic farms
and prevalence of disorders

Due to the clear differences in structure and management
of organic and conventional farms, a separate assessment of
the health status of the preweaned calves is indicated. Organic
farms tended to have fewer dairy cows (median 42) compared
to conventional farms. A cross-sectional study in Michigan
and Ohio, USA (54) also showed significant differences in
management practices between organic and conventional farms.
Similar to our observations on conventional farms, it was more
common to hand feed the colostrum (304 of 448 farmers),
whereas the majority of organic farmers (69 of 171) let the calves
suck the dam for colostrum intake. In the same study (54), it was
observed that conventional producers separated the calves from
the dam earlier after birth compared to organic producers. There
is already a study from the United States reporting parameters of
the health status of preweaned dairy calves on organic farms. In
this study, the incidences for D (44.4%) and RD (11.5%) were
significantly higher than the prevalence reported in the current
study. Possible reasons for these differences may be that the
farms in the US study were not randomly selected, and that the
disease recording was not done by veterinarians but by farm
personnel (26). To our knowledge, ours is the first representative
cross-sectional study reporting the prevalence of disorders in
preweaned dairy calves on organic farms. In the current study,
there is a noticeable tendency for organic farms to have a lower
prevalence of disorders than similar sized conventional farms.
However, this effect is not statistically significant. The impact
of these or other unrecorded management factors, especially of
organic farms on the prevalence of disorders in preweaned dairy
calves needs to be clarified in further studies.

Prevalence of disorders depending on
season

In the fall and winter, respiratory diseases, diarrhea, and
multimorbidity had the highest prevalence. Calves born in the
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fall had a 1.8- and 2.0-times higher risk of being treated for
diarrhea compared to those born in the spring or summer (12).
Possible causes of higher disease rates may be a lower colostrum
quality in winter (61, 62) and a higher shedding of the pathogens
(e.g., cryptosporidium) compared to the summer season (44).
The lower temperature and the higher humidity in the fall and
winter months provide better survival chances, for example
the oocytes of cryptosporidium (63). In contrast, the highest
prevalence of omphalitis was detected in the summer. A wide
range of opportunistic bacteria are often involved in umbilical
infections (46). With increasing temperature, the bacteria in
the environment proliferate, which might increase the risk of
infection. In the summer months, dust and flies can also act as
predisposing factors (64).

Hands-on applications and calf health
calculator

The added variability due to a low number of observations
is a major problem when comparing farm level prevalence on
small farms with reference data. On farms with three calves,
the prevalence can only be either 0% (0/3), 33% (1/3), 66%
(2/3), or 100% (3/3). Thus, it is quite easy to observe a high
prevalence due to random variation. To address this problem,
in the present study, funnel plots were used for visualization
(62). For every possible number of examined calves (up to
75) on a farm, confidence intervals around the overall average
prevalence were calculated. The lower the number of calves, the
wider the confidence interval (27). This addresses the problem
of the higher variation due to a lower number of observations
(i.e., calves). Funnel plots are helpful to easily identify sporadic
occurrences or an outbreak of a disease (28). Based on the
differences demonstrated for the prevalence of the individual
disorders according to the number of calves, month of the farm
visit, and the farm type (conventional, organic) these factors
build the basis for the calf health calculator. As already discussed
in the section on funnel plots (see above), the number of calves
was added to account for the higher variability on farms with a
lower number of calves, i.e., higher thresholds for small farms.
Additionally, a continuous effect based on the day of year
was estimated to account for seasonality in disease occurrence.
Abnormal weight bearing was omitted because of the very low
prevalence (1).

Application in practice

The objective of this study was to transform the estimated
prevalence for calf disorders based on a large and diverse
data set into an applicable form for use in practice. In herd
management of dairy farms, it is already common practice
to use health data e.g., chewing activity, rumen fill, and fecal
consistency for monitoring the health status of dairy cows.

Farmers, herd managers, veterinarians and other advisors use
tools based on these data to develop farm-specific concepts
and management recommendations. In contrast, there are
still no established uniform monitoring measures for calves.
A Canadian study discovered that only one third of the
veterinarians regularly asked about the health and performance
of the calves on routine herd visits; as many as 13% of the
surveyed veterinarians never asked about the calves (65). This
is particularly problematic, as the consulting veterinarians play
a key role in implementing changes in management practices
to improve on-farm health (66) and are an important source
of information about dairy herd health and management (67).
Interviews with farmers revealed that they value communicating
with the herd consulting veterinarian about calf health and
development, and benchmarking can motivate them to make
changes affecting calf management (22). In addition, farmers
motivated by a trusted advisor were more likely to make
changes in disease prevention management (68). Furthermore,
benchmarking can help to reinforce the relationship between
farmers and veterinarians (22).

The tools (table, diagrams, and digital calf health calculator)
developed in this study will now be available to farmers, herd
managers, veterinarians, and other advisors to help include
internal or external calf health monitoring in their work routine.
By documenting calf health on the farm using the calf health
calculator, the authors hope to improve monitoring of calves on
the farm, while detecting diseases more quickly and identifying
potential problem areas. However, if the recording of the health
status of the preweaned calves is carried out by non-trained
personnel and in a less standardized way, as done in the present
study, it is possible that measurement errors and deviations from
the reported reference values may occur. Nevertheless, these
differences in recording and classification are consistent within
a person, so that this method is still suitable for assessing calf
health on the farm. In addition, the documented data enables a
permanent controlling and comparing within the farm as well as
with other farms. Through the use of benchmarking, the authors
expect that calves will become more visible in dairy farms as
well as in consultancy practices, which may lead to sustained
improvements in calf health.

Due to the size and diversity of the study population,
these data allow farmers to compare themselves with similarly
sized and structured farms. This high level of identification
gives the data much greater credibility in consulting practice
than reference values taken from farms that differ clearly in
size, structure, and management. An update of the reference
values applied in this study will not take place in the near
future, because another study with such an extensive data set
like the PraeRi study is not yet planned. In order to make
these tools available for other study populations, the used code
will be provided in the Supplementary material. Furthermore,
a translation of the calf health calculator into other languages
(currently German and English are available) is planned, as well
as the development of a Libre Office version.
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Conclusion

At herd level, omphalitis (O) was themost detected disorder.
This is particularly interesting because in the literature, diarrhea
(D) and respiratory diseases (RD) are discussed as the main
causes of calf disorders. Therefore, more attention should be
paid to O in future studies and in the practice as well. Moreover,
the current study demonstrated marked differences in the
prevalence of disorders (D, RD, O, AWB, and M) between herds
which partly could be explained by herd size, farm type (organic,
conventional), and season. Thus, for a viable benchmarking,
it is useful to take these factors into account. Overall, our
results reveal that calf health should become a central issue for
dairy farmers and in veterinary herd health consultancy. The
benchmarks developed in this study should provide a practical
tool for assessing on-farm calf health. Due to the extensive and
diverse data set of the “PraeRi” study and the diversity of dairy
cow farming in Germany, we assume that the results of this study
can be transferred to other regions and countries as well.
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