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Simple Summary: Interest in equid milk is growing, although limited research exists on its
microbiological risks. Coxiella burnetii is a zoonotic pathogen with global concern, but it has
been infrequently investigated in equid milk. This study aimed to assess the applicability of
analytical methods for detecting C. burnetii in raw equid milk using a commercial molecular
assay on bulk tank donkey milk. In addition, this study screened 106 equid milk samples
from 16 farms using both molecular and serological tests, with no detection of C. burnetii
DNA or antibodies. Results suggest these methods are effective for C. burnetii detection
in equid milk. Although the low prevalence in Italy is reassuring, surveillance and risk
assessment are crucial.

Abstract: Equid milk (donkey or mare) has traditionally been consumed raw or fermented
due to its distinctive chemical composition, which closely resembles human milk, and its
nutritional benefits. Nowadays, interest in it is increasing, despite limited research on its
microbiological risk. Coxiella burnetii (C. burnetii), a globally re-emerging zoonotic agent,
has rarely been investigated in equid milk. The objective of this study was to demonstrate
the applicability of selected analytical methods for detecting C. burnetii in raw equid milk.
A commercial molecular assay was tested on three serial dilutions of one donkey milk
sample contaminated with a C. burnetii plasmid, which showed no interference of donkey
milk with real-time PCR detection. The commercial molecular assay and a serological assay
routinely used in the laboratory were also applied to screen a total of 106 equid milks
from 16 farms to assess their applicability to diagnostic samples. No C. burnetii DNA or
anti-C. burnetii antibodies were detected in these screenings. In our study, the implemented
methods appeared to be suitable for C. burnetii investigation in equid milk. While the
overall low prevalence recorded in Italy among domestic species is reassuring, strategic
surveillance and risk assessment remain essential considering the low infectious dose of
C. burnetii and its zoonotic potential.

Keywords: Coxiella burnetii; equid milk; human consumption; Q fever; zoonosis

1. Introduction

Coxiella burnetii (C. burnetii) is a zoonotic obligate intracellular bacterium with a
worldwide distribution. It is the causative agent of Q fever in humans and coxiellosis in
animals [1-3]. This zoonotic agent manifests in humans with a range of symptoms including
fever, hepatitis, and pneumonia. It can also lead to chronic infections that can result in
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endocarditis, vascular infections, osteoarticular infections, and lymphadenitis [2,4-6]. While
sheep, cattle, and goats are the main carriers of human infection [7-11], and it is considered
an occupational zoonotic disease, cases have also been recorded in humans without direct
contact with animals [9].

Equid milk has been used since ancient times in cosmetics and as nourishment. Today,
its popularity is growing due to its role as functional food for human nutrition in the
third millennium. Equid milk possesses functional and bioactive properties, including
immunomodulatory and anti-inflammatory effects, attributed to its unique chemical com-
position [12-14]. Particularly, equid milk is characterized by high levels of essential fatty
acids (including «-linoleic acid), low levels of saturated fatty acids [15,16], lactose as a
primary source of carbohydrates promoting the growth of probiotic microorganisms [17,18],
vitamins of groups A, B, C, D, and E, and minerals essential for bone growth and general
health [15,19,20]. In addition, due to its lower casein content and reduced casein-to-whey
protein ratio compared to cow milk, equid milk is considered a potential alternative for
children with a cow’s milk protein allergy. It is also a suitable nutritional option for growing
children, convalescent patients, and the elderly [21-23].

The estimated contribution of equid milk to global milk production does not exceed
0.5% (https:/ /www.fao.org/dairy-production-products/production/dairy-animals/en/
accessed on 15 January 2025) [24]. Equid milk could be marketed in various forms as
pasteurized (or heat-treated) milk, milk powders, or fermented functional drinks, or after
specific processing treatments, such as high-pressure processing, to extend its shelf-life and
enhance safety [15,24,25]. Conversely, in accordance with tradition, culture, or a deliberate
decision to maintain the integrity of its original nutritional components, equid milk is
predominantly marketed in its raw state. Although oral infection is not considered to be
a primary route of transmission for C. burnetii, the analysis of unpasteurized milk is a
critical issue that requires attention [5,6,26,27]. Furthermore, the population group most
susceptible to infection from C. burnetii-contaminated raw milk includes individuals with
compromised immune systems [28,29]. This demographic is predominantly composed of
children, pregnant women, and the elderly [11,30,31].

It is recognized that the evaluation of raw equid milk should primarily focus on
potential microbiological hazards [32-34]. Nevertheless, limited information is available
on its microbial ecology, and uncertainty remains regarding the sources of infection in
children and adults. As a result, authoritative researchers fear that equid milk may become
a product requiring closer scrutiny [20,27,35].

As previously reported, microbial contamination and the somatic cell count in equid
milk are low, but in regions with a high prevalence of Brucella spp. and Prescottella equi
(formerly Rhodococcus equi), the risk of milk infection with this pathogen increases [36].
Recently, Toxoplasma (T.) gondii have been detected in the serum and milk of donkeys in
China [37,38] and other countries worldwide, as well in Europe [39,40].

European Union legislation establishes regulatory frameworks for the dairy sector
to ensure consumer health protection. These frameworks are built upon several key
legislations, including Regulation (EC) No 178/2002 [41], Regulation (EC) No 852/2004 [42],
Regulation (EC) No 853/2004 [43], Regulation (EC) No 2017/625 [44], and Regulation (EC)
2019/627 [45], which collectively constitute the legal basis for the production, trade, and
official control of food of animal origin. A comprehensive overview of regulations and
specific guidance has been detailed by Capla et al. [46]. Moreover, in the EU, there are
no harmonized rules or recommendations for the monitoring and reporting of Q fever
in animals. Q fever is not explicitly listed in Annex I to Directive 2003/99/EC of the
European Parliament and of the Council on the monitoring of zoonoses and zoonotic agents,
amending Council Decision 90/424/EEC and repealing Council Directive 92/117/EEC [3],
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does not list C. burnetii among zoonotic agents requiring epidemiological investigation in
foodborne outbreaks [47]. For this reason, despite the existence of official data regarding
the hygiene and health parameters of equid milk, the available information concerning the
presence of C. burnetii is limited. Furthermore, the characterization of raw equid milk as a
possible vehicle of C. burnetii for humans is also lacking.

So far, a validated protocol for the molecular and serological detection of C. burnetii
in ruminant milk is currently employed at the Istituto Zooprofilattico Sperimentale delle
Venezie. The objective of this study was to demonstrate the applicability of the analytical
protocols to fresh raw donkey milk and frozen raw horse milk in order to investigate the
presence of C. burnetii in the Italian equid population. The aim was to facilitate a standard-
ized, efficient, and practical method for testing raw equid milk for human consumption.

2. Materials and Methods
2.1. Study Design

A total of 106 equid milks were collected from 16 farms, including 90 individual
donkey (Equus asinus) raw milk samples from 11 donkey farms, 6 donkey raw bulk tank
milks (BTMs) from 4 donkey farms, and 10 horse (Equus caballus) raw BTMs from 1 horse
farm. Donkey milk is sold raw and fresh in 500 mL or 1 L portions, while horse milk is
sold raw and frozen in 250 mL portions. Donkey milk samples were kept refrigerated at
+4 °C, while horse milk samples were kept frozen at —20 °C, following routine commercial
processing. All samples were transported to the laboratory within 48 h of collection.

2.2. Diagnostic Methods Assessment
2.2.1. qPCR Analyses of Bulk Tank Milk: Applicability Test

To evaluate the applicability of a real-time PCR (qPCR) protocol to equid BTM, one
negative donkey BTM sample was first diluted (1:3) in the inactivating transport medium
PrimeStore® (Longhorn Vaccines and Diagnostics, Bethesda, MD, USA). A commercial
quantified C. burnetii plasmid provided with the qPCR kit ID Gene™ Q Fever Triplex (IDvet,
Grabels, France) was then added to a 1:10 dilution. Two additional serial dilutions (1:100
and 1:1000) of the contaminated milk were subsequently prepared using negative milk.
The plasmid was quantified at 5 x 10° equivalent genome/mL (EG/mL) by the producer
(Idvet, Grabels, France) using the reference DNA (code AND C. burnetii NM) from the
French National Reference Laboratory (ANSES Sophia-Antipolis, France). The three serial
dilutions of the raw milk sample contaminated with the commercial plasmid were tested
in triplicate pre- and post-dilution.

Bacterial DNA was extracted from contaminated milk samples using the ID Gene®®
Mag Universal Extraction Kit (Idvet, Grabels, France), in accordance with the manufac-
turer’s instructions, on the King Fisher Flex 96 (Thermo Fisher, Waltham, MA, USA). A
sample of the undiluted milk was extracted contextually as a negative process control.

The presence of C. burnetii DNA was assessed using the commercial real-time PCR
(qPCR) kit, the ID Gene™ Q Fever Triplex (Idvet, Grabels, France), targeting the transposon-
like IS1111 repetitive region of C. burnetii [48], on the QuantStudio™ 5 thermal cycler
(Thermo Fisher Scientific, Waltham, MA, USA). The commercial kit included an exogenous
internal control, which was co-extracted and co-amplified to validate each negative result.
Moreover, each amplification run included water as a negative control and a DNA sample
positive to C. burnetii provided with the qPCR kit as a positive control. The commercial
gPCR kit used has been validated in our laboratory for detecting C. burnetii DNA in
ruminant milk, and its limit of detection (LoD) for this type of specimen during the
validation process was determined to be 300 GE/mL.



Animals 2025, 15, 1460

40f12

2.2.2. qPCR Analyses of Individual Milk Samples

Ninety individual raw milk samples were collected from donkeys at 11 Italian farms
from January to June 2010, during a single milk production cycle. Samples were stored at
the laboratories of the Istituto Zooprofilattico Sperimentale delle Venezie at <—70 °C until
further analysis.

DNA was extracted from 400 pL of milk using the QIAamp DNA mini kit (QIAGEN,
Hilden, Germany) according to the manufacturer’s instructions. Samples were screened
for the presence of C. burnetii by the commercial gPCR kit ADIAVET™ COX REAL TIME
(ADIAVET, Rochefort, Belgium), targeting the transposon-like IS1111 repetitive element, on
the 7900HT Fast Real-Time PCR System thermal cycler (Thermo Fisher Scientific, Waltham,
MA, USA). The contextual amplification of an endogenous internal control validated each
negative result. Each amplification run included water as a negative control and a DNA
sample positive to C. burnetii provided with the qPCR kit as a positive control.

2.2.3. qPCR Analyses of Bulk Tank Milk Samples

The 16 BTM samples tested were purchased directly from producing farms between
2022 and 2024, and stored frozen at <—200 °C. Upon arrival at the laboratory, all samples
were stored at <—70 °C until further analysis.

After thawing and vortexing, DNA was extracted from 100 pL of milk and tested with
the commercial qPCR kit ID Gene™ Q Fever Triplex (Idvet, Grabels, France), as described
in Section 2.2.1. Each DNA extraction included a negative control (water). The exogenous
internal control supplied in the commercial kit was co-extracted and co-amplified to validate
each negative result. Every amplification run included water as a negative control and a
DNA sample positive to C. burnetii provided with the qPCR kit as a positive control.

2.2.4. Serological Investigation: ELISA Assay of Milk Samples

The commercial indirect ELISA assay ID Screen® Q Fever Indirect Multi-species (Idvet,
Grabels, France) was used to detect antibodies directed against C. burnetii in all milk
samples. This kit contained a multispecies conjugate already validated for equids [49-51].

In accordance with the manufacturer’s instructions, whole milk samples were left to
sit to allow cream separation. The resulting lactoserum was diluted 1:50 in the provided
dilution buffer, aliquoted into the ELISA microplate coated with Phase 1 and Phase 2 C.
burnetii antigens, and incubated at room temperature (21 °C £ 5 °C). After washing, an anti-
multi-species conjugate was added to each well and incubated for 30 min at 21 °C £ 5 °C,
followed by washing. The substrate solution was then added, and after an incubation
period in the dark, the stop solution was added to each well. An optical density (OD) at
405 nm has been reported. After verifying the validity criteria for positive and negative
controls, the sample/positive OD percentage (5/P%) was calculated for each sample.
Individual milks were considered negative with an S/P% < 40%, doubtful with an S/P%
between 40% and 50%, and positive with an S/P% over 80%. Meanwhile, BTM samples
were considered negative with an S/P% < 30%, doubtful with an S/P% between 30% and
40%, and positive with an S/P% over 40%.

3. Results
3.1. Samples Distribution

In this study, a total of 106 equid milks from 16 Italian farms were tested for the
presence of C. burnetii DNA and anti-C. burnetii antibodies. Figure 1 shows the location
of these farms in Italy; 10 are located in northern Italy, 4 in the central region, and 2 in the
South of Italy. Location, breed, type of feeding, whether the milk was used for foal feeding
only or for commercial purposes (e.g., for human consumption or in the pharmaceutical,
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medical, or dermo-cosmetic sectors), whether the farm kept animals for pet therapy, and
details regarding sample type (individual or BTM) and milking methods are specified in
Table 1.

Legend:
Number of samples:
40
15
5
1

Type of samples:

. Commercial donkey
7 bulk tank milk

. Commercial individual
' donkey milk
Individual donkey milk
© for foal nutrition

~ Commercial horse
 bulk tank milk

°

Figure 1. Samples’ distribution. Each circular area depicts the selected farms within the Italian region,
with its size indicating the number of samples collected. The colors of the circles refer to the type
of sample: commercial bulk donkey milk, individual donkey milk, individual donkey milk for foal
nutrition, and commercial bulk mare milk.

At farms N and O, BTM was collected in two consecutive years (from 2023 to 2024),
and in farm P 10 milks from the mare were collected at different times during one month of
the production period of the same year (2024).

Seven of the farms were amateur, small to medium-sized with under 10 animals,
and their milk was used for foal nutrition. The other nine farms housed over 10 animals
and were dedicated to donkey breeding or the production of donkey milk for human
consumption, cosmetic products, or medical purposes. The information collected for each
farm is summarized in Table 1.

Table 1. Epidemiological, geographic, and management data of collected samples.

Milk

. . Herd . Pet . Milking N° of
Farm Region Equids Breed Feeding Therapy Milk Usage S;l;lppele Practice Samples
A Veneto Donkey  Crossbreed Grazing/Hay No Foal nutrition Individual By hand 2
B Veneto Donkey  Crossbreed Grazing/Hay Yes Foal nutrition Individual By hand 2
C Veneto Donkey hé[;lar:;a Grazing/Hay No Foal nutrition Individual By hand 1
D Veneto Donkey  Crossbreed Grazing/Hay No Foal nutrition Individual By hand 1
E Veneto Donkey  Crossbreed Grazing/Hay No Foal nutrition Individual By hand 1
Friuli- Grazing /Hay +
F Venezia Donkey  Crossbreed Zng/Hay No Foal nutrition Individual By hand 5
.. Protein supplement
Giulia
Emilia- Grazing/Hay + -, .
G Donkey  Crossbreed Yes Foal nutrition Individual By hand 4

Romagna Protein supplement
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Table 1. Cont.

Farm

Region

Equids

Milk S o
Herd Feeding Pet Milk Usage Sample Mllkl.ng N* of
Breed Therapy Type Practice Samples

Total

Basilicata

Lazio

Lazio

Abruzzo

Veneto

Emilia-
Romagna

Lombardia

Abruzzo

Sicilia

Donkey

Donkey

Donkey

Donkey

Donkey

Donkey

Horse

Donkey

Donkey

Automatic
No Commercial Individual in a milking 12
room
With a
No Commercial Individual portable 14
milker
Automatic
No Commercial Individual in a milking 29
room
Automatic
Crossbreed Grazing/Hay No Commercial Individual in a milking 19
room
Automatic
Crossbreed Grazing/Hay No Commercial BTM in a milking 2
room
Automatic
Crossbreed Grazing/Hay No Commercial BTM in a milking 2
room
Automatic
Haflinger Grazing/Hay No Commercial BTM in a milking 10
room
Automatic
Crossbreed Grazing/Hay No Commercial BTM in a milking 1
room
Automatic
Crossbreed Grazing/Hay No Commercial BTM in a milking 1
room

Crossbreed Grgzing/Hay N
Protein supplement
Crossbreed Gra.zing/Hay *
Protein supplement
Grazing/Hay +

Crossbreed Protein supplement

106

BTM: bulk tank milk.

3.2. Molecular Method Assessment

The sample of raw donkey BTM was tested by qPCR after a first dilution (1:3) in the
inactivating transport medium, and had a negative result. After qPCR analyses on three
serial raw milk dilutions contaminated with the C. burnetii commercial plasmid, tested in
triplicate pre- and post-dilution, the average cycle threshold (Ct) obtained was compared
to the expected Ct of the C. burnetii plasmid indicated by the manufacturer. No interference
of donkey milk, except for one Ct shift, was observed in these qPCR analyses, as depicted
in Table 2.

Table 2. Results of the qPCR method assessment.

Sample qPCR Results  Plasmid Dilution Expected qPCR Results

Dilution Pre-Spike (EG/mL) Result Post-Spike
1:10 Negative 5 x 10% Ct29.32 Ct30.17
1:100 Negative 5 x 10° Ct33.22 Ct32.53

1:1000 Negative 5 x 102 Ct 35.08 Ct 36.01

3.3. Diagnostic Investigation of Raw Equid Milk

A total of 106 equid milks from 16 Italian farms were tested for the presence of C.
burnetii DNA and anti-C. burnetii antibodies, and all had negative results as reported in
Table 3.
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Table 3. Results of molecular investigation of equid milk samples.
Result Result
Farm N° of Samples C. burnetii Molecular Anti-C. burnetii
Detection Antibodies
A 2 Negative Negative
B 2 Negative Negative
C 1 Negative Negative
D 1 Negative Negative
E 1 Negative Negative
F 5 Negative Negative
G 4 Negative Negative
H 12 Negative Negative
I 14 Negative Negative
L 29 Negative Negative
M 19 Negative Negative
N 2 Negative Negative
@) 2 Negative Negative
P 10 Negative Negative
Q 1 Negative Negative
R 1 Negative Negative
Total 106

4. Discussion

Data on the prevalence of C. burnetii in equids are limited and often influenced by
variability in sampling, testing, and analytical methods used. Indeed, surveillance for Q
fever is often implemented in equids only following outbreaks in humans [31,52].

In equids, the C. burnetii infection can present as either an asymptomatic condition
or a clinical disease [30,53-55]. C. burnetii infections in non-pregnant horses include re-
ported fever, conjunctivitis, and respiratory and gastrointestinal symptoms [55]. Abortion,
premature delivery, and stillbirth have been associated with C. burnetii natural infections
in equids [54,56]. Nevertheless, the definition of equids as hosts, reservoirs, or sentinel
species of this disease and their epidemiological role are still unclear [57]. So far, little
information about the epidemiology of C. burnetii in equids has been available. Marenzoni
et al., in 2013 [54], indicated a possible role of horses as sources of the pathogen for other
animal species, as well as humans. Similarly, other studies stated that horses are probably
reservoirs of C. burnetii for other susceptible animals [10,54,58]. The most recent data on the
prevalence of C. burnetii infection in horses in the European Union and worldwide report an
anti-C. burnetii antibody positivity of 2.17% in Slovakia (2022) [57], the molecular detection
of C. burnetii in 7.50% of horse sera in Iran (2020) [55], and a seroprevalence of 5.64% in
2021 [59]. In addition, anti-C. burnetii antibody positivities of 9.9% in Algeria (2018) [60]
and 0% in Poland (2017) [61] have been reported. More recently, a C. burnetii molecular de-
tection positivity of 0.7% and seroprevalence of 1.3% in South Korea (2016) [58], as well as a
seroprevalence of 4% to 12% between 2015 and 2016 in an endemic area in France [62], have
been documented. Recently, a relevant seroprevalence (79.2%) in cattle and dairy herds
in Denmark (2014) have been described [63,64]. To the best of these authors’” knowledge,
no recent serological studies have been conducted in Italy on equid milk to investigate the
prevalence of C. burnetii.

However, it is crucial to contextualize these values by considering the sampling
method, which often involves passive or syndromic surveillance, and the limited number
of animals sampled. Furthermore, surveillance data for horses, donkeys, and raw equid
milk for human consumption are even less complete [54].
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Milk can be contaminated by pathogens either directly shed from the udder or through
various environmental sources during or after milking. Potential contamination sources
include the teat apex, milking equipment, air, water, feed, grass, soil, and other environmen-
tal factors [33,65]. The nutrient-rich, neutral pH of raw equid milk creates ideal conditions
for pathogenic microorganisms to survive and grow [36,66].

In addition to the direct use of raw equid milk, different milk derivatives are produced,
such as the probiotic drink known as Kumis, cheese, ice cream, powdered milk, and
sweets. This highlights the need for greater awareness within the food industry and
equid farms regarding food safety, particularly in countries in which the disease has been
reported as highly prevalent among domestic and wild species [67-69]. Implementing
analytical tools for the surveillance of foodborne zoonotic diseases is essential to ensure
public health protection [15,70,71]. Furthermore, prospecting a wide dissemination of this
innovative food, especially in the context of feeding infants, the immunocompromised,
pregnant women, and the elderly, requires a deeper understanding of raw equid milk safety
prerequisites [36].

The European Union has recently articulated its position on the necessity of harmoniz-
ing the surveillance of specific zoonotic pathogens from a One Health perspective. Among
the identified 10 priority zoonotic diseases, it encompasses the management of Q fever [72].
Moreover, the European Food Safety Agency (EFSA) has published a series of guidance
documents, opinions, and other reports in an attempt to elucidate the microbiological
hazards and public health risks associated with the consumption of raw milk and dairy
products [65,73]. While the scientific literature contains a wealth of guidance and monitor-
ing plans for bovine, buffalo, goat, and sheep’s milk, there is still no harmonized plan to
approach and identify the risk of Q fever from the consumption of raw equid milk foods.
The heterogeneity of assays employed for the evaluation of C. burnetii positivity in equids,
the absence of standardization in monitoring plans, and the scarcity of tests for direct
detection in food matrices (e.g., equid milk) constitute a significant challenge [74].

Our study demonstrated the applicability of a qPCR method to detect C. burnetii DNA
in raw equid milk, and reported no interference of the matrix with the sensitivity of this
method. Thus, equid BTM sampling could be suggested as a C. burnetii potential monitoring
tool, according to the EU’s One Health Zoonoses Report 2023 [70], in which BTM sampling
is reported to be increasingly used as a method for monitoring C. burnetii in dairy herds.
Moreover, with regard to its use in relation to the herd size and the number of lactating
animals, analyses performed in our study on equid BTM diluted and contaminated samples
showed the almost equivalent sensitivity of this test (500 GE/mL) as it was assessed during
the validation process with ruminant BTM (300 GE/mL). To evaluate the applicability to
diagnostic samples, two commercial assays routinely used in the laboratory, one molecular
and one serological, were applied to screen a total of 106 equid milks originating from
16 equid farms. No C. burnetii DNA or anti-C. burnetii antibodies were detected during
screening, which is consistent with the low prevalence reported in previous studies in
Italy [4,75]. However, questions remain open about screening sensitivity, particularly in
relation to herd size and the number of lactating females, raising concerns about its overall
efficacy as a surveillance tool [73].

In light of the re-emergence of Q fever and coxiellosis in numerous countries [71]
and their potential association with climate change [76], the implementation of surveil-
lance measures in the context of equid milk intended for human consumption is of the
utmost importance.
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5. Conclusions

Coxiella burnetii is a zoonotic agent re-emergent worldwide, which is rarely investi-
gated in equid milk.

In our study, the implemented molecular and serological methods appeared to be
suitable for the investigation of C. burnetii in equid milk and detected no positivity in
Italian commercial milk samples. The overall low prevalence recorded in Italy among
domestic species is encouraging, but strategic surveillance and risk assessment for opera-
tors and consumers are crucial considering the low infectious dose of C. burnetii and its
zoonotic potential.
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