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Camel calf diseases,
life-threatening challenges, and
associated risk factors in Isiolo
and Marsabit counties, Kenya
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Economics, Kenyatta University, Nairobi, Kenya, *Center of Excellence in Camel Research, Meru
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A cross-sectional study was conducted in Isiolo and Marsabit counties, Kenya to
investigate the challenges associated with high camel calf mortality. Data were
collected through focus group discussions and scheduled interviews. Milk
pH levels were used to ascertain subclinical mastitis. Statistical analysis was
performed through recurring themes, comparing means, and multiple linear
regressions. The null hypotheses for the coefficients were rejected at the p <
0.05 significance level. Gross camel calf mortality was found to be 44.11%, with the
most significant risk factors being predation, tick paralysis, and microbial diseases.
Increasing the suckling period and the amount of milk consumed, along with short
deworming intervals were associated with reduced morbidity and mortality from
microbial diseases (p < 0.05). This is attributed to improved calf immunity.
Subclinical mastitis was associated with a reduction in microbial diseases.
Camel pox was positively associated with long intervals between treatments
for external parasites because it is tick-transmitted. The study recommends
prioritising calf rearing and implementing security measures to protect calves
from predators. A longitudinal study is recommended to confirm whether the
associations identified are the cause of the morbidities and mortalities observed.
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Introduction

Since the early 1970s, developing countries have undergone a Tivestock revolution’
driven by increased demand for animal products (Latino et al., 2020). Urbanisation and
increased income in the majority of the middle-class population have led to a change in
food preferences towards animal products. In Kenya, 80% of the landmass is arid or semi-
arid and supports 60% of the country’s livestock and wildlife which coexist and often
cause human-wildlife conflict (Benka, 2023). The ecosystem is very fragile due to the
effects of climate change and cannot support high natural resource-demanding livestock.
Therefore, pastoralists have been replacing them with camels and goats. However, the
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FIGURE 1

Map of Kenya showing the locations of Isiolo and Marsabit Counties (KNBS, 2019).

replacement stock of camels is negatively affected by a short
breeding season, a low conception rate, and high camel calf
mortality ranging from 35% to 50% (Muluneh et al., 2022;
Thiakunu et al., 2024).

Disease morbidity and mortality are measures of illness and
death, respectively, within a defined period and in a specified
population (Aiello et al., 2016). Feeding colostrum to young
animals gives them immunity to common diseases. Furthermore,
hygiene standards and nutrition are very important in
determining the possible prevalence of disease and survival
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rates. Climate change affects calf morbidity and mortality due
to direct and indirect environmental effects (Lacetera, 2019).
Direct effects include poor nutrition and water scarcity, which
influence immunity and hence increase disease morbidity and
mortality. Indirect effects are a result of the growth of disease-
causing microorganisms. Furthermore, fluctuating extreme
weather conditions facilitate vector reproduction and changes
in disease distribution patterns (Chikezie et al., 2024).
Information is scarce on the critical challenges associated
with high calf mortality in the ASALs (Abduljami and Kumbe,

Published by Frontiers
Affiliated with the Odessa Centre


https://doi.org/10.3389/past.2025.14696

Thiakunu et al.

2024). The objectives of this study therefore were to identify
common camel calf diseases, life-threatening challenges, and
their

mortalities

associated factors. Understanding morbidities and

informs livestock workers and institutions
providing veterinary and extension services in priority areas to
address policy matters. Furthermore, this knowledge helps camel
take thereby

productivity and commercialisation.

farmers preventive measures improving

Materials and methods
Ethics statement

Ethical review and approval for this study were obtained from
the Research and Ethics Committee at Kenyatta University, Kenya.
A research permit was obtained from the National Commission for
Science, Technology, and Innovation (NACOSTI) in Nairobi,
Kenya, licence number NACOSTI/P/22/14910. Furthermore,
permission was sought from the offices of the County
Directorate of Veterinary Services, Isiolo and Marsabit.

Study area

The study was carried out in Isiolo and Marsabit Counties
in Kenya (Figure 1). The proportion of households keeping
camels is 12% and 29% for Isiolo and Marsabit, respectively.
Isiolo County is 65% very arid, 30% arid, and 5% semi-arid
(Jaetzold et al., 2008). Marsabit is the largest county in Kenya
covering an area of 70,961 km? at the end of Northern Kenya.
The rainfall system is bimodal (April-May and November-
December) ranging between 200 mm and 1,000 mm per
annum (p.a). The arid and very arid areas form the most
extensive part of Marsabit below 700 m above sea level and
receive rainfall below 300 mm p.a. According to the Kenya
National Bureau of Statistics (KNBS), has
148,859 camels distributed among 6771 households while
Marsabit has 215,234 distributed
22,093 households. The study population was therefore
28,864 households.

Isiolo

camels among

Research design

The design was cross-sectional relying on recall of events
from 1 year before the study. Data were collected through two
focus group discussions (FGDs) each comprising 14 people
including community disease reporters (CDRs), staff from
the Ministry of Agriculture and Livestock Development,
Household
through questionnaires which were uploaded to a smart

and pastoralists. surveys were conducted

web-based app known as the Kobocollect toolbox.

Pastoralism: Research, Policy and Practice

03

10.3389/past.2025.14696

Sample size determination

The sample population comprised all camel-keeping
households in Isiolo and Marsabit Counties. The sample size
was determined in two stages using the formula provided by
(Pfeiffer (2010). Using Equations 1, 2, the first stage determined
the sample size for an infinite population and then it was adjusted
for a finite population. The level of statistical significance was first
set at 0.05 and the standard normal deviation was set at 1.96.

The formula used was:

n = Z’pq/L? 1)

Where,

n = Desired sample size for infinite population.

Z = standard normal deviation at the required confidence level.

p = proportion of the population estimated to have the
attributes being measured.

q = 1-p and L = set statistical significance.

In this case, there is insufficient knowledge of the population
with the attribute, so a value of 0.5 is recommended; therefore,
the sample size for an infinite population was,

1.96X0.5% + 0.05° = 384 (2)

The second stage was to get a sample for a target population
of 28,864 households, the sample size was adjusted using
Equations 3, 4

n’ =1+ (1/n + 1/N) (Pfeiffer, 2010) 3)
Where:
n’ = adjusted sample size for the finite population.
n = sample size for infinite population.
N = population size. Therefore, the sample size was
n' =1+ (1/384+1/28,864) = 379 (4)

Sampling design

A two-stage sampling method was employed because the
study involves a wide geographical area. In the first stage, we
sampled the Isiolo and Garba Tulla sub-counties in Isiolo
County along with Laisamis Sub-County in Marsabit County.
In the second stage, a convenient sample was drawn from
camel-keeping households who were willing to participate.
Samples were drawn proportionally to the number of
households keeping camels; hence, there were 137 from
Isiolo County and 242 from Marsabit County. Furthermore,
the samples were proportional to the number of households
keeping camels in three or four locations in Isiolo and
Marsabit Counties respectively. In Isiolo, these locations
were Kulamawe, Gotu, and Kinna while in Marsabit they
were Laisamis, Lontolio, Koya, and Merille.
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Data collection

Two Focus Group Discussions (FGDs) were held in the
towns of Isiolo and Laisamis with stakeholders generally
highlighting how camels were managed for production and
the challenges encountered. Common camel calf diseases and
life-threatening challenges were highlighted by the staff from the
counties’ Veterinary Departments, who interpret the symptoms
from the CDRs. The data collection tool in the households
consisted of questionnaires administered by CDRs in specific
local languages which included Somali, Turkana, and Boran
mainly from Isiolo and Rendille, and Samburu from Laisamis,
Marsabit. The questionnaires were administered using the
Kobo Toolbox, the CDRs’
smartphones. life-threatening

which was uploaded to

Camel calf diseases and
incidents were determined through the recall of the
respondents for 1 year before the study was carried out. The
frequency of controlling internal and external parasites, the
method of feeding colostrum, the suckling period and the
proportion of milk suckled were measured as factors
predisposing camel calves to diseases and life-threatening
challenges. The level of subclinical mastitis was determined
by randomly selecting one lactating camel from each herd. This
method relies on an indicator paper that detects milk pH levels
since they become elevated in cases of mammary gland
inflammation. The indicator paper undergoes a colour
change, shifting from orange to blue when there is
inflammation as a result of subclinical mastitis (Plummer
and Plummer, 2011). The level of subclinical mastitis was

determined by the number of udder quarters affected.

Data analysis

The FGD analysis was carried out by determining recurring
themes, particularly with regard to the common life-threatening
challenges faced by camel calves. The CDRs describe symptoms,
which are then interpreted by qualified animal health workers to
make tentative diagnoses. The means and frequencies of disease
occurrence and the predisposing factors, morbidities, and
mortalities of common camel calf diseases were determined
separately for the two counties. The mean was calculated to
determine the mortality and morbidity rates for each disease in
each sampled location separately. Linear regression analysis was
performed with the null hypothesis for the coefficient rejected at
a 0.05 level of significance. The dependent variable was tested for
normality by comparing it with the expected normal
distribution curve. After it was found not to show normal
distribution, it was transformed with Log;, and tested again.
To interpret the outcomes, the associations between disease
morbidity and mortality and the risk factors were examined.

This is because regression builds upon correlation
(Wisniewski and Brannan, 2024).
Pastoralism: Research, Policy and Practice
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Results

After the focus group discussions, common life-threatening
challenges affecting camel calves were listed. These included
diarrhoea, pneumonia, ORF, pox, eye infections, predation,
tick paralysis, excess milk consumption, and calf diphtheria.

Camel calf morbidities and mortalities

The morbidity rate for diarrhoea, pneumonia, ORF, and pox
was higher in Marsabit than in Isiolo locations. Predation was
highest in Kinna, Gotu, and Kulamawe, all of which are in Isiolo
County, and Koya in Marsabit. Tick paralysis and calf diphtheria
showed higher morbidity in Lontolio and Koya than in any of the
other locations in Marsabit. Gross mortality was 44.11% mainly
attributed to predation, tick paralysis, and microbial diseases.
Consumption of excess milk and eye infections contributed least
to gross mortality (Table 1).

Disease predisposing factors

The routine herd, calf management, and milking practices
are shown in Table 2. Of the routine management practices, the
majority of locations in Marsabit either did not perform external
parasite control or did so at intervals of more than 2 weeks. In
contrast, Isiolo County pastoralists were found to control
external parasites either weekly or every 2 weeks. In Isiolo
County, the majority of pastoralists were observed to deworm
their camels every 6 months to 1 year while in Marsabit the
majority dewormed after 1 year or did not deworm at all.
Pastoralists in Isiolo were generally found to implement better
calf management practices than those in Marsabit. They allowed
calves to suckle immediately after birth and started selling milk
within one to 2 months. In contrast, Marsabit herders delayed
colostrum feeding and started selling milk within a month.
However, Isiolo pastoralists were observed to restrict suckling
to one teat for a shorter duration compared to those in Marsabit.
Notably, lactating camels in Marsabit had a lower incidence of
subclinical mastitis than those in Isiolo.

Risk factors associated with camel
calf morbidity

Figure 2 illustrates the risk factors linked to calf morbidity. A
decrease in both the proportion of milk suckled and the duration
of suckling was significantly associated with increased cases of
diarrhoea (p < 0.05). Higher levels of subclinical mastitis,
however, were linked to a lower incidence of diarrhoea at the
same significance level. An increase in deworming intervals,
starting milk sales soon after calving, and shorter suckling
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TABLE 1 Calf morbidities and mortalities.
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Disease/ Diarrhoea Pneumonia Eye Predation Tick i Calf
condition infection paralysis diphtheria
Kulamawe | Mob & 14.32 26.37 2454 | 1127 1534 16.97 27.31 26.48 347 14.81
n =62
Mot | 2.52 6.99 364 | 34 115 1.68 13.13 11.01 0 3.14 33.77
Gotun=30 = Mob | 455 13.18 261 569 | 149 8.97 28.55 7.72 33 0.58
Mot | 0 2.09 0 0 0 0 9.25 1.99 0.58 0 12.99
Kinna | Mob  17.12 28.92 3223 2272 133 10.19 38.71 37.6 33 15.42
n =45
Mot | 437 8.86 192 498 | 061 099 14.54 11.17 0 458 36.5
Laisamis | Mob = 16.84 12.19 2892 | 9.65 | 3.09 40.41 9.97 18.66 0 11.15
n =27
Mot | 7.8 523 1042 | 538 0 14.1 5.92 10.42 215 8.74 43.64
Lontolio | Mob = 33.94 47.83 3807 3144 1731 23.72 12.46 33.86 1952 2374
n=28
Mot | 871 10.42 944 | 931 | 679 10.59 1355 1278 7.53 6.46 51.54
Koya Mob = 30.64 37.27 39.8 | 3101 287 29.62 22.89 31.72 2456 256
n =42
Mot | 9.81 8.04 306 | 947 | 493 2.76 5.05 10.56 1009 9.1 4433
Merille  Mob = 19.68 147 147 | 1742 1651 18.32 147 18.78 1038 1577
n =23
Mot | 12.23 13.49 1251 1027 | 1248 12.63 16.98 11.85 1129 1157 58.97
Total Mob | 19.15 26.82 268 | 1839 1453 20.15 24.23 26.36 8.83 15.63
n =257
Mot | 6.99 827 635 | 655 | 412 6.67 1143 10.51 5 6.73 44.11

periods were all significantly associated with a rise in pneumonia
cases in calves (p < 0.05). Similarly, increased subclinical mastitis
was connected to a decrease in pneumonia morbidity (p < 0.05).
Earlier milk sales from individual camels and shorter suckling
periods were strongly linked to increased morbidity due to ORF
while a drop in disease morbidity was correlated with higher
levels of subclinical mastitis (p < 0.01).

Pox morbidity rose significantly when milk was sold sooner
after calving when calves suckled less milk, and for a shorter
duration. Conversely, higher levels of subclinical mastitis were
associated with a decrease in pox cases (p < 0.05). A shorter time
before selling milk and fewer months of suckling were linked to
an increase in worm-related illness with 1% significance.
Incidence of tick paralysis showed a significant positive
correlation with longer intervals between deworming, along
with reduced milk consumption and suckling time (p < 0.05).
Longer deworming intervals and shorter suckling durations were
associated with an increased number of diphtheria
cases (p < 0.05).

Risk factors associated with camel
calf mortality

The risk factors associated with camel calf mortality are
shown in Figure 3. A shorter time taken to start selling milk

Pastoralism: Research, Policy and Practice 05

and a lower proportion of milk suckled were positively
correlated with diarrhoeal mortality. (p < 0.05). Mortality
attributed to calf pneumonia, ORF, and tick paralysis was
significantly associated with the speed at which milk from a
specific camel was sold (p < 0.05). Increasing the interval
between treatments for external parasites and reducing the
time taken to start selling milk were associated with increased
mortality due to pox, while an increasing number of quarters
affected by subclinical mastitis was negatively associated with
it (p < 0.05).

Discussion

Calf-threatening challenges and calf
management

Predation was the main cause of mortality in camel calves,
which is consistent with other studies. Tick paralysis also
contributed significantly to the calf mortality (10.51%). Other
studies found that the highest contributors to mortality were
septicaemia, diarrhoea, and Pneumonia (Tora et al., 2021). Calf
milk intake was found to be sufficient, contradicting previous
findings. Camel keepers in Isiolo took longer to commence
selling milk than those in Marsabit, and this is probably
because they had a higher proportion of lactating camels. The
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TABLE 2 Routine herd and calf management practices.

10.3389/past.2025.14696

Isiolo Marsabit Isiolo Marsabit
N =137 N =242 N =137 N =242

Practices Percentage Practices Percentage

Frequency of controlling for external parasites How soon after birth does the calf suckle

Weekly 4.3 19.4 14.0 Immediately 77.9 332 49.4

Two times a week = 57.9 15.8 31.0 0-6 h 22.1 59.9 46.3

Beyond 2 weeks 37.9 51.0 46.3 7-12h 6.5 4.1

None 13.8 8.8 Beyond 12 h 0.4 0.3

Interval between deworming treatments Proportion of milk suckled

Less than 0.7 2.0 1.6 Two-quarters | 2.1 30.4 20.2

3 months

Every 3-6 months = 3.6 4.9 4.4 One-quarter 76.4 328 48.6

6 months to 1 year | 49.3 23.5 32.8 Not 9.3 30.0 22,5
quantified

Yearly 13.6 14.6 14.2

Beyond 1 year 17.1 328 27.1 None 121 6.9 8.8

None 15.7 223 19.9 Suckling period in months

How soon is milk sold (in months) 19-24 53.6 174 30.5

Beyond 4 months = 20.0 1.6 83 13-18 40.7 19.4 27.1

3-4 months 29 18.6 12.9 7-12 5.7 57.1 38.5

1-2 months 77.1 38.5 52.5 0-6 6.1 3.9

Less than 1 month 413 26.4 Quarters affected by subclinical mastitis

Activities before milking None 37.1 74.1 60.7

Hands/Udder 62.9 24 24.3 One 45.0 9.3 22.2

Udder 15.7 91.9 64.3 Two 17.1 3.6 85

Nothing 214 5.7 11.4 Three 2.4 1.6
Four 0.7 10.5 7.0

gross mortality rate for pox was lower than the 25%-100% rate
established in other studies (Tadesse et al., 2018).

The morbidity of subclinical mastitis was significantly
higher in Isiolo and lower in Marsabit County, which is
inconsistent with the findings of other studies (Seligsohn
et al,, 2020). The high incidence in Isiolo is associated with
the prevalence of high-yielding Somali-type dairy camels.
Animals that produce large quantities of milk are more
susceptible to host factors that increase their risk of
mastitis compared to those with moderate yields (Cheng
and Han, 2020). Similarly, Somali camels were more prone
than the
Additionally, a challenging hygienic environment, including

to mastitis lower-yielding Rendille camels.

limited access to water, contributes to udder infections

(Azevedo et al, 2016). Basic milking hygiene practices,
such as washing hands and cleaning the udder before

Pastoralism: Research, Policy and Practice

06

milking, are poorly practised by camel herders (Seligsohn
et al., 2020).

Correlations of disease morbidity and
mortality with herd
management practices

The factors that contributed to diarrhoea and pneumonia
morbidity were as expected because they all improve calf
immunity. Pox was positively influenced by increasing the
interval of external parasite control. This can be explained by
the fact that the pox virus is transmitted by mosquitoes, the
population of which increases during the rainy season. The virus
that causes pox has been isolated in the Amblyomma tick species
identified on a severely affected camel with clinical signs of pox
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(Achalu, 2019). Pox is one of the diseases designated as notifiable
according to the Disease Control Act of Kenya and therefore, it
requires that systems must be put in place to control it. However,
there are several constraints including poor mobility and
inadequate staffing (Irungu, 2021).

The interval between treatments for external parasites had a
positive influence on worm-related morbidity due to the use of
drugs such as Ivermectin, a broad-spectrum drug used to control
both ecto- and endoparasites. However, reducing the frequency
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Tick paralysis

External parasite control interval

Subclinical mastitis level

of controlling external parasites increases mortality due to tick
paralysis, which is caused by toxins that are produced by ticks.
Tick infestation was found to be high, especially in hot climatic
conditions in the ASALs (Moshaverinia and Moghaddas, 2015).
Calves are easy targets for predators because of their weakness
and inability to defend themselves.

The prevalence of subclinical mastitis was found to be
associated with fewer microbial infections, probably because

the early colonisation of the gastrointestinal tract by
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pathogens is essential for proper immune system development
(Zheng et al., 2020). The timing of colostrum feeding differed
from that reported in other studies (Tadesse et al., 2014).

The amount of milk consumed through suckling influenced
morbidity from pox, diarrhoea, and pneumonia, along with the
mortality rate from diarrhoea. Furthermore, deworming intervals
were linked to the incidence of diarrhoea, pneumonia, and calf
diphtheria. This could be attributed to the fact that helminths
feed on blood, negatively affecting the animal’s nutritional
status  and, consequently, its immune
(Montout et al., 2021).

response

Conclusion and recommendations

To improve the health of camel calves and reduce the
incidence of disease, it is important to encourage longer
suckling periods and delay the sale of milk. The major
threats to calf survival include predators, tick paralysis, and
microbial infections. Calves that do not receive enough milk
often due to premature marketing of the milk, face a higher
risk of illness and death. In Isiolo County, the rapid growth in
camel production has not been matched by investment in
animal healthcare and extension services. This has resulted in
an increase in subclinical mastitis. Although this condition is
unexpectedly associated with immunity, it can progress into
clinical mastitis, ultimately lowering milk yield and quality.
Pathogens present in milk further compromise its safety and
reduce its shelf life.

Regular deworming, control of external parasites, timely
vaccinations, and prompt treatment for sick animals should
be emphasised to improve calf survival. Predation remains a
pressing issue, so measures such as predator-proof fencing and
solar lighting should be explored. Furthermore, Kenya’s pending
Agriculture and Livestock Extension Bill proposes establishing a
board to identify extension service priorities. Incorporating
camel calf care and disease prevention into these priorities is
critical. Implementing Kenya’s 2020 wildlife policy and its
proposed compensation programme for wildlife-induced losses
requires the allocation of resources to become operational.
Overall, a combination of improved husbandry, enhanced
veterinary services, and policy support is essential for
sustainable camel production in the ASALs. Furthermore,
studies are recommended to prove the association between
diseases and risk factors.
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