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Camel pastoralists’ perceptions of udder 13
health: results from a qualitative interview
study in Northern Kenya
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Abstract

Background In the Horn of Africa, pastoralists depend on livestock for food security. Camels play a pivotal role,
providing both milk and meat to these communities. Camel milk production is hampered by multiple factors, one

of the main issues being diseases, in particular udder health issues such as mastitis; inflammation of the udder. This
study aimed to enhance understanding of camel keeping pastoralists’ perceptions of mastitis and attitudes toward

its control in in camels. The study was carried out in Isiolo County in Kenya. Data collection involved focus group
discussion (FGDs) with camel owners, herders and actors involved in the camel milk trade. Participants predominantly
belonged to the Borana, Somali and Sakuye communities. The data pertaining to perceptions of udder health
problems and preventive measures was thematically analysed, using an inductive approach.

Results Four themes were identified regarding pastoralists perceptions of udder health; (i) Importance of udder
health; (ii) Economy; (iii) Herders'responsibilities and (vi) Udder health strategies. The results showed that camel
pastoralists were skilled at detecting clinical mastitis and had developed strategies to maintain good udder health,
such as adhering to a milking order, culling camels with faulty udders and applying treatment. The use of traditional
knowledge in parallel with modern medical knowledge resulted in a multitude of treatment strategies without any
standardised treatment routines. Awareness of subclinical mastitis, that is mastitis without any clinical signs, was
very low and its detrimental effects of mastitis on milk production were poorly understood. Participants were largely
positive to interventions that were sustainable, feasible, effective and accessible, such as using California Mastitis Test
(CMT) and hand disinfectant.

Conclusions Strategic milk hygiene work including selected interventions accompanied by targeted educational
efforts and driven by economic incentives, could form the basis for future preventative work. This will need to be
evaluated in the local context.
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Introduction
Livestock keeping is a cornerstone for pastoral and agro-
pastoral livelihoods in Kenya, providing food security
and playing an important economic, social and cultural
role [1]. In arid and semi-arid lands, camels are the most
important production animals because of their resilience
and ability to maintain milk production in a hostile envi-
ronment. Camel milk is an important part of the diet and
can contribute up to 40% of pastoralists’ daily calorie
intake [2]. Mastitis (clinical and subclinical (SCM)) is a
common constraint among camels kept for milk produc-
tion with implications for milk production, milk safety,
animal welfare and household economy [3]. In a study
from Kenya, the post-harvest losses due to mastitis were
estimated to be 76% of total milk production [4]. Stud-
ies in pastoralist areas in Kenya indicate that mastitis is
a regular occurrence among dairy camels, revealing ani-
mal level prevalence between 46% and 66% [3, 5]. Clini-
cal mastitis is usually recognised by pastoralists [6-9].
In a study of camel pastoralists in Somalia, mastitis was
listed as the main constraint for milk production [10] and
it has also been reported as a common problem among
several other camel-keeping communities [4, 5]. Since
SCM cannot be detected without assessing the levels of
somatic cells or other changes in milk composition which
requires testing of the milk, there is generally a lack of
awareness of SCM among pastoralist groups [3].
Perceptions of mastitis and the underlying causative
agents vary across geographical regions. Among Senega-
lese pastoralists, mastitis is thought to be caused by the
boiling of milk [11]; according to the beliefs of the Sah-
rawi pastoralists in Western Sahara, mastitis is caused by
high stocking densities or retention of milk; while mas-
titis is generally attributed to “the evil eye” among many
pastoralist groups in the Horn of Africa and Middle East
[6, 12, 13]. Traditional remedies for mastitis include
herbal medicine [13-15], abstaining from milking the
affected quarter, removal of ticks and cauterisation of the
udder [7, 15-18]. Moreover, with the increasing avail-
ability of modern veterinary drugs to camel pastoralists,
treatment with antibiotics is now common [19].
Historically, most studies on mastitis in pastoral-
ist camels have focused on investigating the prevalence
of infectious agents or assessing risk factors. To the
knowledge of the authors, no studies have investigated
the social and cultural aspects of how pastoralist camel
keepers perceive mastitis and manage udder health. Such
knowledge is needed in order to find treatments, pre-
vention or control measures for mastitis that are feasible
and acceptable and thus possible to implement in the
pastoralist setting. This includes studying factors affect-
ing camel keepers’ possibilities to implement different
measures and reasons behind compliance versus non-
compliance. Furthermore, research suggests that in order
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to achieve sustainable change, communities need to be
engaged in the entire process from defining the problem
to finding the solutions [20-22]. Participatory methods
have been recommended for this purpose [23-25]. The
aims of the study were to increase the understanding
about camel keeping pastoralists’ perceptions and knowl-
edge of mastitis and their perceptions and attitudes to
mastitis control in camels in Northern Kenya. To reach
these aims, a participatory approach using qualitative
research methods allowing for a focus on individuals’
descriptions of their own experiences was used.

Materials and methods

This study reports of data concerning mastitis and udder
health, results from the same field study but pertaining to
other challenges will be reported in separate articles.

Study area and study design

This qualitative interview study using focus group discus-
sions (FGDs) was conducted in two locations in Isiolo
County, Kenya; Isiolo town and Kula Mawe, in November
and December 2022. This time represents the end of the
dry season and the early wet season. Isiolo County bor-
ders Marsabit, Wajir, Garissa, Tana River, Meru, Laikipia
and Samburu counties. The county is largely classified as
very arid, the annual rainfall measures 150—250 mm [26].
Camel pastoralism is well adapted to these circumstances
and is a common livelihood in the region. The estimated
camel population in the county is 162,516 heads [27].
Camel-keeping households in the area include ethnic
Somali, Borana, Sakuye, Garre, Turkana and Samburu.
Ongoing climate change characterized by prolonged
droughts and erratic rainfall, has necessitated livestock
diversification prompting more people to acquire cam-
els to enhance resilience [28]. Isiolo town is an important
hub for camel milk production in Northern Kenya, both
with a developing peri-urban milk production but also as
a bulking centre for milk distribution lines coming from
other counties. The milk is bulked and transported to
Nairobi and other final destinations. The largest milking
cluster and the highest density of camels can be found
in and around Isiolo Township, located in Isiolo Central
division [29]. Two major women-led camel milk coopera-
tives dominate the market. The area has been subjected
to numerous initiatives by local and international NGOs
to promote camels as a means of livestock diversification
and improved resilience among the traditionally cattle
keeping Borana [30]. Isiolo also has a large population
of Somalis, for decades engaged in the trading and han-
dling of camel milk. Kula Mawe is a rural town/village of
approximately 800 households, the population being pre-
dominantly Sakuyes and Borans. In Kula Mawe, a smaller
milk cooperative has just started operating.
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The study locations were purposively selected based on
ongoing camel milk production and trade in the area and
accessibility to relevant stakeholders in the camel milk
value chain. Participants were purposively selected based
on involvement in the camel milk trade and recruited by
local mobilisers/key informants via the local milk coop-
eratives together with the facilitator and the transla-
tor. Initial instructions for recruitment were to organise
groups of 3-9 persons separated according to gender
(male/female) and occupation (camel owner/herder/milk
seller). Keeping herders and owners separated was how-
ever advised against by key informants as this could cre-
ate suspicion among the camel owners and was thus not
done.

Data collection
The research team consisted of a senior researcher
(EC), a researcher (DS), a facilitator (KA) and a transla-
tor. FGDs were guided by a topic guide (Supplementary
material 1), including open questions encompassing
camel management, challenges and diseases, and percep-
tions of these. Both EC and DS are trained veterinarians,
KA comes from a camel keeping background and the
translator is an Animal Health Officer in the area. Both
KA and the translator are proficient in the local language
Oromo as well as in Swahili and in English. The topic
guide had been translated jointly by KA and the transla-
tor from English to Oromo and Swahili. Prior to roll-out
of the study the topic guide was tested on a pilot group
consisting of three male herders/camel owners to assess
relevance of the questions and length of the discussion
and adjusted accordingly. The discussions were led by
KA in in either Oromo or Swahili and simultaneously
translated to English. The translations were recorded for
back up but not transcribed ad verbatim. DS and EC took
detailed notes of the translations and intervened with fol-
low-up questions or for clarifications if necessary. At the
end of each day the notes were merged to form a master
note for each FGD. The discussions were opened by the
facilitator introducing the research team, explaining the
background of the study and informing the participants
about the purpose and objectives. The participants were
informed that participation was anonymous, voluntary,
and that they could withdraw from study at any given
moment. Written consent to participate, to be recorded
and to be photographed was obtained from all partici-
pants before continuing the discussion. Participants were
offered a snack during the discussion and compensated
for their travel costs. Throughout the discussions, the
participants were encouraged to share their views and
ask questions to the research team and each other.
Following the initial information, participants were
asked to introduce themselves by name and describe
their involvement in the camel milk value chain. The
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discussions were continued by asking questions about
camel keeping and perceptions on camel health. The
participants were asked to describe the most common
diseases in their herds and to rank these in order of
importance. In addition to discussing diseases, partici-
pants were asked about strategies for keeping their cam-
els healthy (these results will be presented in another
publication). This was followed by a discussion more
focused on udder health including preventative strate-
gies, treatment of udder problems, causes and effects.
After this, the facilitator presented a set of suggested
interventions aimed at improving the udder health and
the participants would discuss the perceived advantages
and/or disadvantages with these tools. Finally, the partic-
ipants were asked if there was anything they would like to
discuss that had not already been voiced, and if they had
any final questions to the research team.

Data management and analysis

The analysis started in the field by discussing the find-
ings with the facilitator, the translator and key infor-
mants. Before starting the post-field-analysis, DS listened
through the recordings to validate the master notes. Fol-
lowing, the master notes were imported to NVivo soft-
ware release 1.7.1 (QSR International, Australia) for
qualitative analysis. DS performed the preliminary analy-
sis, after which DS and EC iteratively reviewed the results,
and finally all three authors reviewed and discussed the
results. Based on the included topics and on the data
content (thus determined partly in advance of data col-
lection and partly during the analysis), the results were
divided in three sections, and analysed using two differ-
ent methods: (1) For data related to the topics belonging
to clinical presentation of udder problems and causes of
udder problems (topic 10, 11,13 in the topic guide, Sup-
plementary material 1), content analysis was performed.
These results are presented descriptively in the section
“Categories, causes and clinical signs of mastitis” (2) The
topics discussing perceptions of udder problems (topic 9,
12, 14-17) and perceptions of possible interventions for
preventing udder problems (topic 18—22) were subjected
to thematic analysis, separately for the each of these two
groups of topics. These results are presented in the sec-
tions “Perceptions of udder problems” and “Perceptions
of measures for preventing udder problems” respectively.
Thematic analysis was used to identify, analyse and inter-
pret patterns of meaning (themes) within the data in
each section. An inductive approach was applied, mean-
ing that themes were formed based on the data itself.
The thematic analysis started with repeated reading of
the transcripts. Following, initial codes were developed
and codes that belonged together were grouped to form
sub-themes, and finally themes were formed to create
a narrative around the sub-themes based on the ideas
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considered to best demonstrate the perceptions of the
participants. The process was iterative and carried out
until DS and EC determined that the themes identified
from the data were sufficient for the study aims. Con-
tent analysis was done for the topics which didn’t include
suitable, or deep enough, information to form such nar-
ratives, and represents a summary of the data content in
those topics. To capture the differences in the data and
highlight interesting findings, quotes have been included.
As these quotes are not direct translations of what was
said, but deriving from the notes, they should be seen as
illustrations of the themes.

Researcher reflexivity

This study was a collaboration between researchers from
Sweden (DS and EC) and Kenya (KA). DS and EC are
both Swedish veterinarians with experience from con-
ducting research in Kenya and other low-income coun-
tries. KA is Kenyan, from a camel owning family and
works daily with camel owners in Kenya for a national
organisation based in Nairobi. KA have extensive local
knowledge, knowledge about animal health in general
and specifically concerning camels, as well as experience
in participatory methods. DS did her PhD work on sub-
clinical mastitis in pastoralist camels in Kenya, her work
served as rationale for the current work. EC has experi-
ence with qualitative and participatory research in low-
income countries including with pastoralists. DS’s prior

Table 1 Clinical signs associated with udder problems
mentioned in 13 FGDs with camel pastoralists in Isiolo County,
Kenya

Reddish appearance on the udder
The camelis not eating

Clinical signs Number
of groups
men-
tioned in

Swelling of the udder 13

Changes in the milk (general) 13

Changes in the milk: pus 12

Changes in the milk: particles/clots 7

Changes in the milk: bloody milk 7

Changes in the milk: watery milk 1

Changes in the milk: abnormal milk 3

Painful udder 9

Heat around the udder 9

Aggressive behaviour during milking 9

Wounds around the teats/udder 6

Fever 4

Blockage of teats 3

Low milk production 2

Unpleasant odour from the milk 2

Smaller teat in the affected quarter 2

1
1
1

Unwilling to walk
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knowledge and experience with camel mastitis inspired
the content of the study whereas EC’s prior knowledge
and experience mainly influenced the methodology. In
the context of the study, both DS and EC can be con-
sidered as ‘outsiders, whereas KA can be considered an
‘insider’ in most, but not all, instances. Being an outsider
can make the asking of naive question more acceptable
than if they were asked by an insider and help in keeping
an analytic distance to the research situation, but can also
prevent deeper participation and understanding [31]. The
‘outsider’ positionality, and specifically not speaking the
local language, made DS and EC dependent on KA and
the interpreter for translation and for providing contex-
tual understanding. Having to rely on translation is an
important limiting factor in qualitative research, creating
risks for loss of data quality and depth. Using simulta-
neous translation gave an opportunity to interact in the
moment of the data collection, to some extent dimin-
ishing this limitation. Likewise, having KA and a skilled
interpreter with local connections in the research team,
and starting the data analysis already in the field, helped
to establish report between DS and EC and the data.

Results

In total, 13 FGDs were held, comprising 85 participants
in groups of 3—12 people. In all, 46 women and 39 men
participated in the FGDs, five groups consisted of only
female participants, six with only men and two groups
were mixed. Most of the participants were either camel
owners or involved in camel milk trading (predominantly
as a part of one of the milk-selling women cooperatives).
Twelve participants were employed herders, but most of
the camel owners also stated that they herded their own
camels. Overall saturation, meaning that no new infor-
mation relevant for answering the research questions
came up in the discussion, was deemed to have been
achieved after 10 FGDs. The results were divided in three
sections, developed below: (1) categories, causes, and
clinical signs of mastitis, (2) perceptions of udder prob-
lems, and (3) perceptions of measures for preventing
udder problems.

Categories, causes and clinical signs of mastitis
Clinical mastitis was recognised among the participants,
and descriptions of the clinical presentation were exten-
sive, complex and detailed (Table 1). Most participants
categorised udder health problems according to three
major syndromes: swelling of the udder, wounds on the
udder or teats and bloody milk. The categories ‘swollen
udder’ and ‘wounds on the udder/teats’ were not entirely
separate and were sometimes mentioned together.

When discussing the possible causes of udder health
problems, participants offered a wide range of explana-
tions and beliefs, often nested within each other, and
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intermingled. The classifications were sometimes dif-
ficult to separate from each other, and the three cat-
egories of udder problems presented here are thus not
rigid. The following quote illustrates a differentiation
between “swollen udder (Barar)” and “wounds on the
udder (Arar), however not all groups made the same
distinction:

“Barar— swelling of the udder so teats become small,
pus, difficult to milk, painful for the camel, some-
times blood in the milk, calves not allowed to suckle,
camel becomes aggressive due to pain, usually only
one quarter affected, in other cases, all quarters can
be affected. Solid particles in milk. Arar— milk is ok
and fine but there are wounds around the udder”
(FGD 10).

For ‘swelling of the udder’ (referred to as arar/barar in
Somali and anjar/anjara in Oromo/Boran), it was a com-
mon notion that one form was hereditary and would
reappear throughout generations. This type of swollen
udder was mostly attributed to the bull, described as a
“carrier male” for this condition.

“The generation of the male one, all of his generation
(offspring) will have swollen udder” (FGD 8).

In contrast, some participants would trace hereditary
mastitis to the female lineage:

“Hereditary arar (mastitis),
mother to child” (FGD 4,).

transmitted from

The hereditary form of ‘swollen udder’ was often associ-
ated with a specific camel type, known for high milk pro-
duction, however, high milk production alone was also
associated with the development of ‘swollen udder’ This
was in part connected to camels producing too much
milk for it to be efficiently removed and consequently the
retained milk would cause the udder to swell. The rela-
tionship between the camel eco-type (hereditary), milk
production and swollen udder and is illustrated by the
following quote:

“Family history, camels of the Horki family, if a
Horki camel with a lot of milk gets barar (mastitis)
and then give birth to another female that one will
also get barar. The problem is that the calves can-
not remove all the milk so the milk remaining in the
udder will cause the swelling” (FGD 10).

The participants frequently mentioned retained milk as a
cause of ‘swollen udder’. The common practice of using
anti-suckling devices, broadly referred to as “teat tying”
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(marek in Somali, mara in the Oromo/Boran) was often
highlighted as a risk factor or cause of ‘swollen udder!
Some participants explained that teat tying caused
‘swollen udder’ since it prevented the udder from being
emptied:

“The traditional way of teat tying, this can cause
arar (mastitis), because the milk is being held and it
will solidify within the udder and cause inflamma-
tion“ (FGD 3).

For the udder problem ‘wounds on the udder/teats,
wounds were described to be caused by thorns, calves,
ticks, biting insects, or the ground-dwelling naked mole-
rat (Hetereocephalus glaber). Also, for this udder con-
dition, participants stated that teat tying would have
adverse effects on the teats including causing wounds.
Despite this awareness, teat tying was widely practiced
and often claimed to be necessary to ensure that there
would be enough milk for the humans.

“Mara - teat tying. [Wounds are] sometimes caused
by the calves when they injure the teats. Sometimes
as camels graze a thorn or a tree can create wounds
around the udder and cause arar. When ticks accu-
mulate around the teats, they can also cause this
swelling” (FGD 6).

‘Blood in the milk’ was usually categorised as a separate
udder problem, thought to be caused by the evil eye. This
was mentioned in most groups in Kula Mawe (4/5) and in
one group in Isiolo town (1/8):

“Sometimes bloody milk can be caused by the evil
eye, very common in cattle compared to camels. Evil
eye can happen when somebody just passes your
camel herd, for instances if you have camels and
your neighbours don’t have the camels and he wish
the herd belonged to him, the camel gets affected by
the evil eye. Traditionally some people were known
to have the evil eyes. In this area, you cannot find
those people” (FGD 5).

However, in some groups, the idea of evil eye was
rejected as something from the past, as explicitly stated
in the following quote:

“We don’t believe in that [the evil eye] anymore”
(FGD 7).

Perceptions of udder problems

In the thematic analysis of perceptions of udder problems
(data related to topics 9, 12, 14—17) codes were developed
into subthemes, and the subthemes grouped into four
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themes: “Importance of udder problems’, “Economy’,
“Herders’ responsibility” and “Udder health strategies”.
Udder problems were generally regarded as multifaceted,
and perceptions were affected by their perceived impact
as well as available treatment and prevention options. In
addition to this, we identified that treatment and preven-
tion were largely affected by other circumstances such
as logistic challenges, financial constraints and the reli-
ability of the herders. The themes are described in the
sections below, themes and subthemes are presented in
Table 2. The relationships between the identified themes
are illustrated in Fig. 1.

Importance of udder problems Udder problems were
mentioned as a common occurrence in 8 out of 13 groups.
Several groups mentioned that it was more common in
lactating camels with a high milk production.

“When camels are giving birth and lactating, it’s the
most common disease in camels” (FGD 10).

Despite udder problems being described as occurring
regularly, it was only brought forward as a prioritised
disease in one group. The effect of udder problems was
perceived to be locally restricted to only the udder itself
and the condition was generally not associated with high
mortality. These factors were part of the rationale for not
considering udder problems a highly prioritised disease.

“Arar (mastitis) and qarfat (contagious skin necro-
sis) are there but they cannot kill the animal so
qandich (haemorrhagic septicemia) is more impor-
tant” (FGD 6).

Table 2 Sub-themes and themes identified as describing the
perceptions of udder problems in dairy camels from a study with
camel pastoralists in Isiolo County, Kenya

Themes

Sub-themes

+ Occurrence

- Minor disease

- Affecting milk production
« Localisation

- No known treatment

Importance of udder problems

- The value of camel milk

+ Reduced milk production
- Negative impact of udder
problems

« Unreliable herders

- Challenges for herders

- Lack of knowledge

- Involving external help

- Milking hygiene

- Milk use

« Culling

- Change of practice

Economy

Herders’ responsibilities

Udder health strategies
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However, in some groups, udder problems were given
larger importance. In these groups characteristics such
as impaired milk production, the risk of permanent loss
of milk production for the affected quarters, the negative
impact on calf health and the lack of effective treatment
seemed to contribute to perception of higher priority.

“[Mastitis is...] important because we are depen-
dent on milk, and arar (mastitis) destroys the udder”
(FGD 2).

Low milk production was mentioned as an important
sign for several other diseases, in almost all groups, and
this was considered an important factor when prioritis-
ing diseases:

“If a camel is not healthy, you can see changes in
behaviour, low milk production, not enough milk for
the calf, rough body condition, when sick it does not
produce milk” (FGD 7).

Generally, mastitis was perceived as more impor-
tant among people that were involved in milk trade and
seemed to be regarded as less important among camel
owners.

Economy Milk production was described by the par-
ticipants as essential for their livelihoods and decreased
milk production as having negative effects on the people
depending on the milk as well as negative impact on calf
health. Production losses could affect humans negatively in
the form of economic losses (reduced household income)
and less milk available for household consumption.

“Camel milk is a very important commodity for us.
It helps the herder, from the market to the house-
hold, it is important to a lot of people” (FGD 8).

The risk of negative effects for the calf, such as reduced
growth, disease and potentially increased calf mortality
was also raised.

The impact of udder health problems was discussed
regarding the individual camel and for the camel owner.
For camel owners that were selling their milk, udder
problems were considered a risk factor for having the
milk rejected by the milk cooperative leading to reduced
income, and ultimately if the disease progressed, to hav-
ing to sell or slaughter the animal and thus suffer from a
reduced herd size.

“Sometimes when we are sending the milk, we receive
information that the milk has been rejected and
been spoiled and this is a lot to us” (FGD 2).
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Importance
of udder
problems

Fig. 1 lllustration of the relationships between identified themes describing pastoralists’ perceptions of udder problems from a study with camel pasto-
ralists in Isiolo county, Kenya

For the individual camel, impact mentioned were issues Permanent loss of milk producing function and milk-
of recurring infections in the same camel, loss of function  ing ability in the affected udder quarter was frequently
in the affected quarter and sometimes loss of the entire  mentioned and this appeared to be a common disease
udder. outcome (mentioned in ten groups). The loss of function
was sometimes described as affecting only one quarter
but sometimes expanded to include the whole udder and
sometimes leading to an actual shedding of the infected
tissue:

“[Mastitis is] Very common, I have three cases in

my herd. They have had it for a long time. It usually

affects when the camel is lactating and comes back

every new lactation. Mainly common in high milk

producing camels” (FGD 8). “Sometimes the whole quarter just drops of, some-
times the whole udder” (FGD 2).
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Participants largely agreed on that once the camel com-
pletely lost its ability to produce milk, it would be sold
for slaughter since it no longer could generate income.
Selling it would also partly compensate for the produc-
tion losses. However, some participants stated that cam-
els that were being sold would not necessarily be replaced
and that the decision depended on the owner.

“If the whole udder is affected, we just sell them. It
has no importance because it cannot produce milk.
Even if the animal contracts arar frequently we will
just keep it until all the teats are gone, then we sell
it” (FGD 6).

Herders’ responsibilities Participants often emphasised
the important role in employing good herders as a corner-
stone in maintaining healthy animals, also in relation to
udder health. Improving the knowledge of the herders by
providing education and proper instructions were seen as
ways to improve the herd health.

“It depends a lot on the herder if he can be very keen
and do much work, that will reduce arar [udder
problems]” (FGD 3).

In contrast, a heavy burden of responsibility was placed
on the herders and camel owners often discussed herders
as a factor that was difficult to influence. The tasks that
herders could fail to comply with ranged from remov-
ing teat tying, maintaining good hygiene during milking,
adhering to a milking order, finding good pasture for the
animals, respecting withdrawal times for milk, detecting,
observing and treating disease in time. In addition, camel
owners would often agree that herders were lazy, cared
more about receiving a salary than the health of the cam-
els, lacked necessary experience and would seldom follow
instructions.

The employment of herders was seen as a relatively
recent development and participants acknowledged that
this major change in management could affect the well-
being of the camels. Finding herders with enough expe-
rience of camel management and milk production was
mentioned as a problem.

“In old times people lived in the bush, they stayed
with the animals, now you just hire someone that
doesn’t even know nothing about camels, as an
owner and a herder you don’t know what your cam-
els are feeding on” (FGD 12).

Parallel with the prevalent negative attitudes towards
herders, participants acknowledged that camel herding
was labour-intensive and that herders would face many
challenges.

Page 8 of 18

“Its a very difficult task, managing the camels”
(FGD 7).

In summary, employed herders were seen as a funda-
mental pre-requisite but also a possible major obstacle to
good animal health.

Udder health strategies A number of different
approaches to handle or prevent udder problems, includ-
ing traditional remedies, antibiotic treatment and milk-
ing strategies, were discussed by the participants. These
approaches were largely based on the perceived cause of
the udder problem. Mostly, similar practices were applied
to deal with camels suffering from udder disease. In three
groups, some participants stated that udder problems did
not need to be treated at all but would automatically heal.
Other approaches included to separate the camel from the
herd and milk camels with udder problems last, abstain
from milking the affected quarter and leave it for the calf.
This was either motivated by difficulties in milking the
inflamed quarter due to the camel being in pain, and/or
to avoid mixing the infected milk with the healthy milk.

“Painful to touch the udder but they [the camels]
often allow the calf to suckle. If we find these signs,
we leave it to the calf to suckle. In case of some quar-
ters affected and some healthy you leave the affected
to the baby and milk the others. You milk the healthy
ones and leave the other ones for the baby.” (FGD 6).

In contrast, in three of the FGDs, removing mastitic
milk from the affected quarter was stated as an important
strategy to turn the condition around.

“In case of swelling you just milk all the milk from
the udder and remove everything until the swelling is
reduced. “ (FGD 10).

During the analysis, it became apparent that treat-
ment of mastitis did not follow any particular guidelines
but differed depending on the perceived cause and pre-
vious experience. All groups would use antibiotics to
treat udder problems. Oxytetracycline (Adamycine) or a
combination of penicillin and streptomycine (PenStrep),
usually injected intramuscularly, were mentioned in all
groups as a regular treatment of udder health problems.
Drug dosage, duration of treatment or preferred type of
antibiotic varied between and within groups as well as
with the individual case. Routes of administration for
different medicines also varied, from injection (subcuta-
neous, intravenous, intramuscular) to intramammary or
topical treatment. The phenomenon of “blocked teats”
due to udder problems was often discussed, including
various solutions.
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“Treat with tetracyclines, but when the teat is
blocked, they use the tubes (penicillin) to open up.
Inject through the hole of the teat and remove the
blockage” (FGD 12).

Some groups would use traditional methods, such as
herbal preparations, sometimes fed orally to the camel
and sometimes used topically on the udder.

“Traditionally we would treat it with a type of herb
and apply around the udder and it will heal it”
(FGD 11).

Using the fat from a sheep was advocated as medicine
by some pastoralists, particularly to “open up” blocked
teats. Cauterisation (branding with hot iron) is a com-
mon treatment for different types of conditions among
camel pastoralist and was also often brought up as a
treatment option.

“Some people brand with metal if the swelling
goes up to the stomach. Other people use branding
around the udder” (FGD 11).

In addition to somatic treatments, spiritual/magical
strategies, such as prayer or organising a religious cer-
emony, were of particular importance when it came to
removing the evil eye from a camel and mentioned in two
groups. Traditionally, when it was suspected that some-
one had given the evil eye to a camel, the owner would
ask that person to remove it from the camel. However,
the participants expressed that this was no longer com-
monly practiced, due to fear of offending the person sus-
pected of the evil eye.

“This evil eye is generally caused because of jealousy.
Traditionally it used to be associated with a special
tribe but nowadays it is caused by jealousy, some-
one who doesn’t have a camel and they want yours.
Sometimes evil eye affects the male so it can no lon-
ger mount.

Table 3 Strategies applied to prevent or minimise udder
problems in camel herds, mentioned in focus group discussions
with camel pastoralists in Isiolo County, Kenya, in 2022

Udder health strategies Number of groups mentioned in (n)

Cull chronic cases

Improve the milking hygiene
Milk the affected one last
Remove colostrum or milk
Stop teat tying

Acaricides

Cull carrier camel

Isolate the affected camel

— N NN W Ww O 0

Education of herders
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Male participant 1: This evil eye is in every tribe, it’s
everywhere.

Male participant 4: Sometimes people suspected of
having evil eye can be moving around your herd and
then they advise them to stay away from your herd.
That is how it was done traditionally but these days
there is that fear, they can’t even tell them to stay
away. (FGD 6).

There was consensus in and between groups that milk
from unhealthy udders should be separated from other
milk, or all milk would be spoiled. This was discussed as
being of particular relevance, since spoiled milk would
be rejected at the market and result in loss of income.
Regarding the use of milk from mastitic udders, conflict-
ing statements were often made. Although some par-
ticipants were of the opinion that mastitic milk should
be left for the calf or milked to the ground, others stated
that it should not be used at all. Some mentioned that the
decision rested on the herders.

“Do not mix with milk from healthy camels. Some
leave it for the calf. It depends on the herder, but
they do not mix it with the milk that’s going to mar-
ket” (FGD 10).

Some practices that could be considered as preventa-
tive udder health measures were mentioned to be imple-
mented in the camel herds represented in the groups, see
Table 3.

Milking the camels in a defined order to minimise
spread of disease (using milking order) in the herd was
mentioned in 6/13 groups and this was a strategy well-
recognised by participants and often employed. The fol-
lowing quote illustrates an approach often used by the
participants:

“Milking the old and the ones with disease last”
(FGD 10).

The use of acaricides to protect animals from tick infes-
tation was described as a way to prevent udder problems
due to bites and mentioned in 2/13 groups.

“Spray animals to protect them from ticks that can
cause udder problems” (FGD 1).

Although teat tying was commonly associated with
udder problems, the practice was regarded as a funda-
mental measure to prevent milk from being drunk by the
calf. However, some modifications to reduce its harmful
impact were described as a preventive measure in 3/13
groups:
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“These days we do not use the teat tying like we used
to do because we believe it increases the swelling. We
advise the herders that even if they tie, they should
tie very carefully/loosely. Even if the herders tie, they
should rotate so they don'’t tie the same quarters
every day” (FGD 6).

In the case of hereditary ‘swollen udder;, believed to be
caused by carrier males, using a different bull to reduce
the spread was described as a preventive measure in two
groups:

“Remove the bull from the herd. It would have been
better to control it by culling it and getting rid of the
transmitting bull and remove all this, but it is not
possible” (FGD 4,).

In some groups, parallel with airing beliefs about ‘swol-
len udder’ being a hereditary condition, participants
would discuss improved milking hygiene as a preventive
measure against udder disease. Unclean milking prac-
tices, such as not washing hands in connection with milk-
ing, using dirty materials for teat tying, applying dung
on the teats to prevent the calf from suckling or milking
healthy camels after milking camels with mastitis were
considered risk factors that could be avoided. Adhering
to hygienic practices during milking was mentioned as
a way to control udder problems, however lack of water
was considered a major constraint.

“When you milk the camel with udder problems, you
will not go the next one until you have washed your
hands. This is because otherwise udder problems are
transmitted to the healthy ones, they will become
affected unless you wash your hands. When you are
not washing your hands, you may affect all camels
in your herds. You have some people where all their
milking camels are affected by swollen udders, and

Table 4 Identified themes and sub-themes for interventions
promoting udder health as discussed in focus group discussions
with camel milk value chain stakeholders in Isiolo County, Kenya,
2022

Emerging themes

Sub-themes

Feasibility - Disruption of milking process
+ Herder compliance
- Labour-intensity
- Market demand
Accessibility + Access to equipment

+ Access to knowledge

- Availability of material

- Visualisation of mastitis

- Detectable results

- Affordability

- Re-stocking of material

- Safe to use for the animals

Effectiveness

Sustainability
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this is because they did not wash their hands and it
spread. “(FGD 12).

The issue of transmission often yielded many contra-
dictory answers in the same groups and many elabora-
tions on contagiousness were offered; in this aspect,
causes of the udder problem were claimed to be the
hands of the milker, the milk or the milking bucket itself:

“They cannot milk into the same container as
healthy camels, it is transmissible from the bucket,
the milk from the affected camel can infect the
healthy one.[...] It is not contagious through body
contact, only by infected milk” (FGD 4,).

Perceptions of measures for preventing udder problems

In the thematic analysis of perceptions of preventive
measures (data related to topics 18-22), codes were
developed and grouped into four emerging themes: “Fea-
sibility”, “Accessibility’, “Sustainability” and “Effective-
ness” together with identified sub-themes (see Table 4).
The emerging themes were positively connected with the
adoption and implementation of the suggested interven-
tions and on the contrary, the inversion of the themes,
such as something being regarded as “unfeasible” or
“unsustainable’, was considered major hindrances.

Feasibility Milking camels under traditional pastoral
management was described as a sensitive and labour-
intensive process, where any kind of disturbances before
or during the milking could interfere with the milk let-
down. Control measures that were positively received
were those that were perceived to have minimal interfer-
ence with the regular milking routine, such as applica-
tion of hand disinfectant between camels or teat dipping.
Control measures that could interfere with milk let-down
were generally deemed as unfeasible. Measures regarded
as unfeasible included the use of gloves that were to be
changed between camels and the use of wet tissues to
wipe the teats.

“[Discussing teat dipping] After milking is very pos-
sible. If before, the camel will hold the milk (FGD
1)

The unpredictable nature of the individual camel was
often mentioned as something that would influence the
feasibility of some interventions. Participants would state
that some camels would be more accepting whereas oth-
ers more easily could become aggressive, thus posing a
risk to the herders and disturbing the routine. This was
not necessarily seen as a hurdle but rather highlighting
this as a factor that was beyond human control.
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“[Camels are] very sensitive. They cannot do that.
Camels are aggressive, they understand what you
are doing, and they can kick you. Camel allows you
to milk but will not allow you do that. Maybe you
can restrain the camel. But if you restrain them, they
will withhold the milk. It is also labour intensive.
The herder cannot do all that work. Camels only
allow them to milk them peacefully but when you
dip them, they become aggressive. Cows accept such
things but not camels” (FGD 10).

Reliability of the herders was often considered some-
thing that would impact feasibility and that was associ-
ated with difficulties in implementing any interventions.
The participants would often state that the attitudes and
knowledge of the herders were critical, but that herders
were difficult to control, lacked sufficient knowledge,
were unreliable or overworked.

“Tricky because herders are ignorant. You may give
hand disinfectant for them to use, and they may fail
to use it and only use it when the owner is around.
Herders are very ignorant” (FGD 9).

In two groups, participants described that the milk-
cooperatives were in a position of power and could put
pressure on milk producers to comply with their require-
ments. In such a scenario, the milk producers would have
to adopt the suggested strategies, irrespective of potential
hindrances in order to be able to deliver milk.

“In case there are strict rules saying that we have to
use it to milk our camels, for instance if the coopera-
tive demands it, we will use it” (FGD 6).

Accessibility This theme encompassed both access to
equipment and/or expendables and the access to knowl-
edge of how to use the suggested interventions. The
remoteness of most camel dairy herds in addition to
the migratory nature of camel pastoralism makes access
to equipment imperative. Accessibility to equipment
referred to both spatial distance as well as availability of
material to purchase.

“[Discussing using hand disinfectant] Could have
been good, problem is that you can’t find it in the
bush. If you can access it, you can use it (FGD 12).

Furthermore, participants often reiterated the impor-
tance of knowledge and their wish to acquire more infor-
mation on how to improve the health of their camels and
how to use some of the suggested interventions.

“[I have] heard about the CMT (California Mastitis
Test) and seen a demonstration, this has been taken
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to our boma. If we can get it, we could use it, if we
can get the knowledge and access” (FGD 4).

Sustainability Interventions depending on consistent
restocking of expendables, such as the use of gloves or
tissues, were largely dismissed. These measures were per-
ceived negatively partly because of the added costs. Pas-
toral camel milk production is a low-input system, and
economic margins can be narrow. Furthermore, it was
discussed that some equipment was disposable and could
not be re-used, making the use unsustainable.

“It is available but expensive if you need to change
after every camel” (FGD 1).

Participants often voiced concerns about interventions,
such as hand disinfectant or teat dip, being harmful to
the camels or the suckling calves. Safety for both camels
and humans had to be guaranteed for the participants to
consider an intervention.

Effectiveness The possibility of achieving detectable
results seemed to be a fundamental and understand-
able motivator, shaping the attitudes of the participants
towards the suggested interventions. Given the limited
monitoring, for example individual milk yield and milk
quality measures in place in pastoralist camel milk pro-
duction, the effectiveness of udder health promoting
interventions is difficult to assure. As such, the positive
effects of some interventions were questioned by some
participants.

“We have milked the sick one [camel] first and then
milked the others, but I have not seen any spread [of
infection], so this is not true. If this thing is really
transmitted through dirty hands, if you have ten
herds and we milk the affected ones first and then
the healthy ones, how come this is not spreading?”
(FGD 6).

Mirroring that, the California Mastitis Test, an animal
side test which is based on the subjective assessments of
increasing viscosity of the milk after being mixed with
the test reagent, was viewed as a very useful tool, espe-
cially among participants who had experience from using
it.

“We were shown a CMT-test to distinguish between
healthy and unhealthy milk from the camel. It was
shown very clearly” (FGD 3).

The opinions captured in the FGDs regarding sug-
gested udder health interventions have been summarised
in Table 5.
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Table 5 Distribution of positive versus negative views with regards to the applicability of udder health interventions mentioned in 13
focus group discussions (FGDs) with camel pastoralists in Isiolo County, Kenya, 2022. The table shows the number of positive/negative
viewpoints that were voiced per intervention in total, not using each FGD as the point of measure. Direct quotes exemplifying some of

the voiced opinions is included for each intervention

Suggested Positive  Negative Positive comment Negative comment

intervention

California Masti- 12 2 “We have tested using the CMT and could clearly see ‘It can be difficult to use because the herders are

tis Test the diseased ones and the healthy ones! with the camels and even if they are given in-

structions”they may do or not, you cannot control

Milking order 12 3 “[We are] already doing that, milking the old and the ~ “This is not possible because you can't control the
ones with disease last. baby that is coming from the boma (that is what

is deciding the milking order)”

Teat dipping 12 5 “After milking is very possible. If before, the camel will ~ “Not possible to use teat dipping, camel will not
hold the milk” allow it. They could kick the bucket of milk so it

would spill”

Hand 8 8 “This could be used, problem is that people use water  “[We] don't us it. It is not possible. It can cause

disinfectant but sometimes it is not available so if they could have  harm to the udder itself. Some disinfectants have
an alternative that could be used” spirit inside them, they can cause harm to the

herd itself”

Wiping udder 5 9 "It depends on the camel, some would only allow the  “Impossible, camels will not allow wet things

with cloth calf to suckle, some you can help and for them, wet touching their teats. Herders usually clean with
wipes would be very possible” their bare hands without water. Before milking

they wash their hands!

Using gloves 5 12 “[We] have never tried using gloves but if they could  “Using gloves is not possible, the teats are usually
get them maybe they could use them. The problem is  hard in comparison with the cattle ones, use of
that you have to find them and buy them. Camels are  gloves is not easy. Gloves slide!
far away in the bush, they cannot access the gloves.

Maybe the camel owner is in Isiolo and the herder is
somewhere far away and when the gloves are used
up, he cannot get new gloves!
Discussion other pastoralists communities [33]. Some participants

The way the participants in this study discussed masti-
tis reflect the contemporary scientific understanding of
mastitis as a complex and multifactorial disease. More-
over, the results pertaining to the clinical signs of mas-
titis demonstrated the vast knowledge that pastoralists
possess regarding how diseases they see in their animals
present. The close relationship with, and dependency
on, their livestock have shaped the skills to detect clini-
cal disease [32] and most participants could list a wide
range of signs associated with clinical mastitis. In con-
trast, SCM was not mentioned in any of the discussions.
This is in line with previous studies highlighting the dif-
ficulties for pastoralists to detect subclinical mastitis
relying solely on sensory inputs [3, 7]. As subclinical mas-
titis has proven to be much more prevalent than clinical
mastitis in similar contexts [3], this finding stresses the
importance of interventions to improve udder health in
pastoralist camels. Participants offered multiple explana-
tory models for the development of mastitis. The models
frequently included a mix between elements that in con-
temporary mastitis science would be classified as “causes
of mastitis” (i.e. an ascending intramammary infection of
bacterial origin) and “risk factors for mastitis” This way
of developing explanatory models built on local knowl-
edge, observations and practice has been reported also in

challenged the notion of indirect transmission of mas-
titis, referring to their own experiences of milking sick
animals before healthy ones without spreading clinical
disease. Multiple views were expressed, listing infected
milk as a source of infection that could transmit mastitis
to healthy milk if the milk was mixed, and the milk vessel
itself being regarded as the source of infection by some
participants. Participants’ observed association between
high milk production and development of mastitis is
interesting, as high milk production has been associated
with mastitis in camels [34] and also in cattle [35]. Udder
health problems caused by trauma to the udder skin were
identified as a separate form of mastitis by a majority of
the participants. Skin lesions have previously been asso-
ciated with an increased risk of mastitis in camels [3, 36],
as have ticks. In a study with Borana pastoralists in Ethio-
pia, ticks were perceived to be a major burden for cattle
and the udder was identified as a predilection site, with
tick infestation perceived to cause blinding of teats and
have a negative impact on milk production [37]. In the
harsh study setting, skin trauma could be a noteworthy
cause of mastitis that needs to be addressed in future pre-
vention strategies. The commonly mentioned association
between family lineage and mastitis could be an explana-
tion to a number of prevailing conditions. First of all, in



Seligsohn et al. BMC Veterinary Research (2025) 21:270

cattle, sensitivity to mastitis is in part linked to genetics
and has been introduced as a selective breeding criterion
[38]. The notion that mastitis could be transmitted from
mother to calf could also illustrate the phenomenon of
calves becoming carriers of contagious mastitis patho-
gens through the consumption of infected milk, increas-
ing the risk of intramammary infection later in life. This
has been shown for Staphylococcus (S.) aureus in dairy
cattle [39, 40]. Furthermore, it has been shown that camel
calves can become carriers of Streptococcus (Str.) agalac-
tiae through transmission from their mothers [41].
According to the results, camel pastoralists in Isiolo
seem to operate in the intersection between modern
veterinary knowledge and deeply rooted traditions and
cultural beliefs. This was illustrated in the mentions
of evil eye causing blood in the milk, and regarding the
practice of teat tying. The concept of the evil eye is often
associated with jealousy, and it is believed that only cer-
tain people possess the evil eye [12]. In accordance with
the perceptions of several other pastoralist groups in
the region [7, 12, 13], the evil eye was attributed spe-
cifically to clinical mastitis with blood in the milk. For
cases of clinical mastitis, the appearance of the milk can
change drastically, with the milk containing flakes or
clots, becoming thicker or more watery than normal and
sometimes stained or mixed with blood. However, there
is no correlation between causative agent and the clini-
cal presentation with regards to the milk. Many partici-
pants explained that the cultural attitudes surrounding
the belief of evil eye as a cause of udder problems were
changing, making it more complicated to seek treatment
according to their traditions. Similar views were voiced
in a study by Amenu et al. [12] investigating perceptions
about (bovine) udder health in Borana pastoralists, where
it was suggested that this development could be positive
in shifting traditional/magical treatment for the evil eye
to the use of antibiotics which could have positive impli-
cations for animal welfare and bacteriological cure. Pre-
vious research point to the importance of participatory
involvement of actors such as milk collection centres
and livestock keepers in such processes to co-construct
and adapt interventions to pastoralist settings and the
local context [42]. Regarding the traditional practice of
teat tying, many participants agreed that it was a harm-
ful practice and a risk factor for udder problems caus-
ing retained milk and skin damage to the teats, but that
they despite this knowledge would continue the practice.
Traditionally, camel milk was only used for household
consumption and selling it was regarded as something
that would bring bad luck. Giving another example of
the changing environment in which the studied pasto-
ralists operate, this custom changed a few decades ago.
What initially started with unorganised female vendors
hawking surplus milk to individual households has now
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developed into a more intensified production, with a
value chain involving a wide range of stakeholders and
women owning camels. The commodification of camel
milk has been viewed partly as a response to the increas-
ing sedentarisation of nomadic pastoralists, and in part
to their subsequent adaptation strategies, such as live-
stock diversification [1]. The recent changes in the camel
pastoralist lifestyle, such as women now owning camels,
owners no longer staying with the herds, employment of
hired labourers and monetary values replacing traditional
ones, are happening parallel to other major changes, such
as climate change and development of critical infrastruc-
ture in pastoralist rangeland.

Many participating camel owners explicitly stated that
camel milk was essential to their livelihoods, but never-
theless, little importance was given to mastitis in com-
parison with other diseases. This is similar to what has
been reported from mixed livestock pastoralists in Ethio-
pia [43]. Low milk production is a common consequence
of mastitis, but this was not listed as a clinical sign for
mastitis specifically. In contrast, decreased milk produc-
tion and its negative consequences on household income,
calf nutrition and food security were frequently men-
tioned when describing many other diseases. Given that
camels under pastoralist management produce moder-
ate quantities of milk and the individual yield is usually
not recorded, variations in milk yield are likely difficult to
detect for the owners, unless very large. The variation in
milk yield between the dry and the rainy season, on the
other hand, differs significantly [44] and can be reduced
by 60% during the dry season (personal communication,
Tawakal Itd). As all animals are affected by the dry season
at the same time, its negative impact on milk production
will be tangible and easily detectable, especially at herd
level. The results show that camel pastoralists face many
challenges, of which infectious diseases constitute a con-
stant threat. The fact that in most cases mastitis is not
fatal, it is restricted to the udder and often confined to
one quarter, as well as that most pastoralists are aware of
treatment options probably served as a rationale for not
ranking mastitis as an important disease. In comparison
to highly contagious diseases with high mortality and
limited treatment options, such as anthrax or camel pox,
mastitis was regarded as a less important disease. This
corroborates previous knowledge from other pastoralist
groups where diseases with direct effects on the econ-
omy, cultural values and utilisation of ecosystem services
are the main factors determining the importance [32].
Diseases that affect many animals at once with a high
mortality are generally ranked as more important among
pastoralist groups [24, 45].

Udder health problems were perceived to negatively
impact household income through two main routes: by
impairing the function of the mammary gland until milk
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production ceased, and by deteriorating the quality of
milk to the extent that it would be at risk of being rejected
by the bulking centre (usually a milk cooperative). Among
the participants it was common practice to keep camels
in the herd until no functional udder quarters remained.
Loss of secretary function in the mammary gland is usu-
ally the end stage of a chronic intramammary infection,
most often caused by contagious pathogens, such as S.
aureus or Str. agalactiae. Keeping chronic carriers in the
herd poses a major risk of transmission to other animals.
In high-income countries, the practice of culling chronic
carriers has been recommended since the 1960’s [46], and
proven successful in eradicating or reducing contagious
udder pathogens and improving udder health. If imple-
mented, the practice would probably have the same posi-
tive impact on udder herd health in camel populations.
In the Horn of Africa, however, the price of camels by
far exceeds the price of all other livestock, with lactating
females being particularly valuable [47]. In pastoral pop-
ulations, the high economic and cultural value of camels
in combination with high levels of food insecurity and
poverty will thus make this recommendation inappro-
priate and not likely to be implemented. The frequently
mentioned fear of having milk rejected from bulking cen-
tres illustrates the important role the milk cooperatives
represent in the camel milk value chain. Efforts aiming
to improve milking practices and promoting a defined
milk quality standard that could serve as an incentive for
improving camel udder health should therefore target
both the primary producers/pastoralists and the bulking
centres/milk cooperatives. Educational efforts towards
women, who are often in charge of milk handling and
vending, have shown to partly be efficient in improving
attitudes and practices regarding milk hygiene [48]. Pen-
alties or premiums connected to milk quality is common
in dairy industry worldwide and has been used as tool
for improving udder health. In a study on motivations
for improving udder health in dairy farms in the Neth-
erlands, it was shown that equal importance was given to
pride in healthy animals and factors affecting the econ-
omy. It was also concluded that financial penalties were
perceived as being a more efficient motivator, than being
paid premium prices for better quality milk [49].

It has been concluded that compliance and success of
disease control programs is dependent on the priorities
of the program matching the priorities of the livestock
keepers [43]. To ensure compliance by animal owners,
the advice given needs to be understandable and fol-
low the principles as formulated by Dodd [46]: “To be
accepted, a control must cost much less than the losses
caused by the disease, it must be relatively simple to carry
out, there should be good experimental evidence that the
control works under a range of conditions, and it must
be obvious to the farmers who adopt the method that
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[clinical] mastitis is much reduced”” The results confirm
that the advice offered to participants (by cooperatives,
research institutes or NGOs) on acute mastitis can be
confusing as they are based on concepts that are not fully
known. understood, or relevant in the participants local
reality. As an example, many of the participants strug-
gled to see the association between their own experience
(mastitis not being transmitted) and advice that is mainly
focused on improved milking hygiene, meant to pre-
vent transmission of SCM. When conducting a study on
camel calf health in northern Kenya, Kaufmann [50] con-
cluded that knowledge of the disease perceptions among
the target group is crucial when designing and delivering
animal health advice so that animal owners can under-
stand and act on it, and thus ensure implementation of
the interventions.

Udder health strategies mentioned by the participants
could be divided in preventative measures and treatment
of clinical cases. As has been reported previously, there
was large inconsistency in treatment strategies for udder
problems [12]. The use of syringes or tubes to “open up”
blocked teats was worrying since the teat anatomy in
camels is very different from other ruminant dairy spe-
cies. In camels, there are 2—3 long and narrow teat canals
per teat [51], thus making them susceptible to trauma
if products developed for cattle or small ruminants
are being used. Furthermore, when using intramam-
mary infusions, special care needs to be taken to ensure
hygienic conditions and to avoid introducing new patho-
gens into the mammary gland. Without adequate train-
ing, there is a major risk of causing damage [52]. The use
of injectable antibiotics was common practice to treat
udder health problems, and oxytetracycline and/or a
combination of penicillin and streptomycin were largely
used, in line with previous findings [3]. The use of antibi-
otics is often a necessary step to ensure bacterial cure for
intramammary infections, however the drug needs to be
selected according to substance characteristics making
it suitable for treatment of udder infections, the patho-
gen in question and its susceptibility to the selected sub-
stance. Oxytetracycline might not be the optimal drug of
choice as resistance is widespread in many bacterial spe-
cies involved in intramammary infections in the region
[3, 41, 53, 54], the substance has been shown to have a
reduced antibacterial activity in mastitic milk from cows
[55, 56] and a poor efficacy in the bovine udder [57, 58].

Milking animals in a certain order, taking in to account
the udder health status of each individual to hamper the
spread of contagious udder pathogens, is a simple and
efficient method to improve the herd udder health [59].
This strategy was commonly implemented in many of the
participants’ herds and provides an important stepping
stone towards improved udder health. The current strat-
egy was often to milk cases of clinical mastitis last, which
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is a promising approach, however, it completely omits
SCM-cases that could still serve as reservoirs for conta-
gious transmission. In addition, it has been shown that
the risk of mastitis increases with the age of the camel
and the stage of lactation [3]. If more factors were to be
included, such as CMT-results, age and stage of lactation
behind the rationale for the milking orders that are cur-
rently in place, this could be a very good starting point
for a more long-term udder health strategy.

The use of employed herdsmen has been listed as the
main economic investment in pastoralist camel milk pro-
duction [60] and thus, heavy responsibilities are placed
on the herders. In this study, the herders were viewed
as key players for keeping the camels healthy, safe from
thieves and predators, and delivering milk regularly. The
fact that camel herding is labour-intensive was widely
acknowledged by the participants, yet, herders were con-
sistently viewed as a major constraint to a successful busi-
ness. In a study on awareness of milk hygiene in camel
herds, herdsmen had significantly less knowledge about
hygienic practices during milking and handling of camel
milk compared with female milk vendors and members
of milk cooperatives [61]. In areas where the herdsmen
had improved knowledge, the prevailing conditions that
the herds were operating under still obstructed opti-
mal practices. Furthermore, when comparing the total
viable (bacterial) count (TVC), number of coliforms and
S. aureus in swabs taken from camel udders and milk-
ers’ hands, the overall result indicated that the bacterial
load on the milkers” hands was higher than on the udder
[4]. The lack of knowledge on adequate hygiene prac-
tices among employed herdsmen poses a risk, both to the
udder health of the camels and for introducing contami-
nation to the milk already at herd level [62]. It has been
shown that lack of support from employers in terms of
education and raising awareness is a challenge for farm
workers [63] and there is also an association between per-
ceived stress levels and health problems in farm workers
and a high disease burden in dairy herds [64]. Including
herders is therefore imperative for improving the udder
health, overall milk hygiene and relieve some of the stress
on the employed herdsmen. A limitation to the present
study was the lack of herder participation in the FGDs as
only 12 out of 85 participants were employed herders. A
number of factors negatively influenced the possibility
for herders to attend the FGDs; the herders are employed
and therefore would struggle to get “time oftf” to attend
an FGD, the sheer remoteness of the camel herd makes
transport options difficult as well as transport costs,
and finding a replacement herder for the time the other
one is absent is another challenge. Another limitation in
including the attending herders’ perspectives was that the
authors were repeatedly advised not to separate herders
and camel owners in the FGDs since this could create
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suspicion among the camel owners. However, by using
mixed groups there was a fundamental inequality in the
power distribution between herders (employees) and
camel owners (employers). Camel owners would freely
voice negative attitudes towards herders in the presence
of the same. This power imbalance is likely to have inhib-
ited herders from freely expressing their opinions and
concerns to maintain a respectful position towards the
employer category.

The attitudes to the suggested preventive measures
were multifaceted, but some distinct trends were still
identified in the thematic analysis. The discussion about
the measures largely revolved around accessibility, avail-
ability and feasibility. Aids that result in a very distinct
and visible result, such as the CMT, were clearly pre-
ferred over control measures that required a lot of dis-
posable material and increased labour, such as the use
of plastic gloves that are changed between every milking
or wiping the teats with wet tissues prior to milking. It
has been shown that implementation of improved milk-
ing hygiene measures can be obstructed by intrinsic fac-
tors, such as personal habits, not perceiving udder health
as a priority on the farm and physical barriers, such as
time, money and labour [65]. The participants had mostly
positive attitudes towards the use of a milking order, as
this was often partly already implemented in the exist-
ing routine, was not perceived to interfere with milk let
down, did not involve any extra equipment and thus was
feasible, affordable, accessible and sustainable. The find-
ings that the use of CMT, hand disinfectant and milking
order could potentially be accepted for use in pastoralist
herds are very promising and could form the basis for a
pastoralist camel udder health strategy that now needs to
be piloted and evaluated.

Conclusion

Camel pastoralists in Isiolo are skilled at detecting clini-
cal mastitis and have developed a number of treatment
and prevention strategies to maintain a good udder
health. Furthermore, they have good awareness of milk-
ing hygiene and what practices to avoid but resort to
local explanatory models and causal relationships when
their knowledge is incomplete. However, with the camel
milk production industry rapidly undergoing extensive
changes, modern concepts and deeply rooted traditions
are often adopted in parallel, sometimes resulting in con-
flicting views on best practices. Despite camel milk being
the most important commodity to camel pastoralists, the
detrimental effects of mastitis, both clinical and subclini-
cal, on milk production were poorly understood across
all stakeholder categories that were included in the study.
The use of hand disinfectant, CMT and a milking order
were positively perceived by the participants. Another
important finding was the crucial role that employed
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herdsmen play in keeping the camels healthy and ensur-
ing good milk hygiene. Educational efforts targeting
herders, together with selected interventions and stra-
tegic milk hygiene work driven by economic incentives
could form the basis for a future control strategy that
should be tested and evaluated in pastoralist camel herds
and the camel milk value chain.
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