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Impacts

• Camel milk can be produced in arid and semi-arid lands and has various

health value benefits; however, this study showed that camel milk was the

most important risk factor for food poisoning in Isiolo, Kenya.

• Camel milk as a health hazard could be overcome by improved and adapted

processing and handling technologies to reduce microbial contamination

and spoilage.

• Increased knowledge on the level of contamination of commercial camel

milk through assessing the potential critical control points of the whole

production and market chain from milking to selling points (for quality

assurance) is important.

Introduction

In recent years, there has been heightened concern about

food safety. The global incidence of food-borne diseases is

difficult to estimate, but WHO reported that approxi-

mately 1.8 million people died from diarrhoea-related dis-

eases in 2005 alone. Diarrhoea is a major cause of

malnutrition and high mortality among infants and

young children. A great proportion of these cases was

attributed to contaminated food and drinking water

(WHO, 2007). Approximately 80% of Kenya’s land area

is arid and semi-arid (ASAL) with an estimated 75% of

livestock being kept in these areas. According to FARM

Africa Kenya (2002), pastoralist groups living in Isiolo
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Summary

This study assesses risk factors for food-borne gastrointestinal illness indicated

by diarrhoea and/or vomiting using 14-day recalls among children and young

adults. The study was set in Isiolo, a rural town of Kenya, inhabited mainly by

pastoralists of different ethnic groups. The preparation methods of milk at the

household level were also investigated. The study was cross-sectional and

involved 900 participants from randomly selected households. They were inter-

viewed using a structured questionnaire. An unmatched nested case-control

study was constructed by randomly selecting three controls for each case.

Potential risk factors for gastrointestinal illness were analysed using both uni-

variate and multivariate logistic regression models with random effect on

ethnic groups. The study results showed that consumption of mutton, carrots,

Irish potatoes, raw camel milk, boiled camel milk and fermented camel milk

were important risk factors for diarrhoea and/or vomiting, whereas the con-

sumption of boiled goat milk, boiled cow milk, spinach, washing of hands with

soap and the presence of proper drainage system had protective effects (odds

ratio < 1). We conclude that in this setting, primarily vegetables and the camel

milk market chain pose the greatest risks for symptoms of food-borne gastro-

intestinal illness.
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town include the Gabra, Rendille, Turkana, Sakuye and

Somali who are primarily camel keepers while the Borana

and Samburu are traditional cattle owners although in

recent years some have adopted keeping of camels. These

communities live together with non-pastoralists who

practice other agronomic activities.

In ASALs of Kenya, harvesting and handling of raw

camel milk and susac, a product of spontaneous fermen-

tation of camel milk, is performed with little consider-

ation to hygiene (Younan and Abdurahman, 2004). This

handling is compounded by shortage and/or unavailability

of clean water in the ASAL regions. The milk is collected,

stored, transported and sold in 5–20-l plastic jerry cans

(Wangoh, 2004), which are difficult to clean and are

usually washed with limited amount of water. Transport

of milk from the production sites to the milk collection

points and to the markets can take 8–10 h. Delays occur-

ring because of long distances between scattered collection

sites and poor roads infrastructure (Farah, 2004) contrib-

ute to spoilage, reduction of freshness of marketed camel

milk and even spontaneous fermentation. Consequently,

the market value decreases and risk of milk-borne gastro-

intestinal illness among the consumers increases. Camel

milk is predominantly consumed raw without any form

of heat processing and this might be a major risk factor

contributing to incidences of diarrhoea and/or vomiting

among pastoralists of Northern Kenya.

This study was designed to assess risk factors for symp-

toms of food-borne gastrointestinal illness within 14 days

preceding the interviews in an area inhabited by both pas-

toralists and non-pastoralists in Isiolo, Kenya.

Subjects and Methods

Study design

This study was undertaken in an arid and semi arid

region, Isiolo district, located at latitude 0o1¢ North and

longitude 37o4¢ East in Eastern province, Kenya. Three

divisions of Isiolo, namely; East, West and Central

divisions, were purposively selected for this study. A cross-

sectional survey was carried out by interviewing children

(3–12 years of age) and young adults (13–25 years of age)

from randomly selected 900 households. This sample rep-

resented camel milk consumers and non-consumers from

different ethnic groupings. The villages/estates in the three

divisions were selected based on random numbers on grid

boxes covering 1 km2 on a satellite map of the region. The

first household in each selected grid box and the direction

to follow was determined by spinning a pen and then

sequentially selecting every fourth household. At each

household, a single child or young adult was randomly

selected by considering the person with the nearest

approaching birthday. Households visited were marked on

the satellite map to allow traceability in case revisits were

required.

An unmatched case-control study was constructed with

104 cases from the cross-sectional study. The cases were

defined as persons reporting occurrence of either diar-

rhoea and/or vomiting 14 days preceding the interview

date. For every case, three persons not presenting diar-

rhoea and/or vomiting in the same location were selected

using the random sample command in Intercooled Stata

Version 9.0 (Stata Corporation, College Station, TX, USA;

1984–2000) to form the control group. Assumptions for

the sample size calculation included: 95% confidence

interval, 5% prevalence of symptoms of gastrointestinal

illness, 70% occurrence of symptoms was attributable to

camel milk consumption, 2.4 odds ratio (OR) and 50%

of interviewees consumed camel milk.

Data collection

Informed consent was obtained from the District Com-

missioner’s office and from the participants. A pre-tested

questionnaire with closed and open questions was used

to gather information on demographics, detailed con-

sumption of food stuffs, methods of preparation of camel

milk for consumption, hygiene and sanitation, presence

of fever, symptoms of gastrointestinal illness and the par-

ticipants’ risk factor awareness of the latter. Participants

were asked to provide exposure information regarding

the 14 days prior to the interview. To gather information

on the perception of food-borne risks, the respondents

were asked a series of questions regarding various food

items as risk factors for development of gastrointestinal

illness. Diarrhoea in this study was defined as reported

experience of three or more loose stools within 24 h. Care-

givers/guardians were questioned concerning their partici-

pating children who were below 12 years of age.

Interviewers were recruited from the local area and

trained appropriately prior to undertaking the study.

Interviews were conducted in Swahili language or trans-

lated where necessary to the local language and reported

in English with measures taken to ensure credible collec-

tion of information.

Statistical data analysis

Data analysis was carried out using Intercooled Stata

Version 9.0 (Stata Corporation, 1984–2000). The cross-

sectional data and nested case-control data sets were anal-

ysed separately by univariate logistic regression analyses

for all plausible variables with a random error on ethnic

groups. Backward stepwise multivariate logistic regression

analysis was also carried out by fitting variables that had

P < 0.2 in the univariate analyses and then basing the
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P-value on the likelihood ratio test. Odds ratio was used

to determine the associations of the risk factors among

the cases and control groups at significance level of

P < 0.05 while cross-tabulation and chi-squared statistic

was used for association of food-borne risks perception

by age and ethnic groups.

Results

General information on participants

A total of 993 participants were interviewed but only 900

questionnaires were considered for statistical data analysis

because of missing values. These constituted more than

the minimum determined sample size to give reliable

results. The background characteristics of participants

such as age, gender, duration of stay in the area and edu-

cation levels in relation to occurrence of diarrhoea and/

or vomiting are shown in Table 1. The ethnic groups

included the Somali, Turkana, Boran, Meru, Ajuran,

Kikuyu, Samburu, Ogaden, Sakuye, Rendille, Indian,

Embu, Dogodia, Gabra and Garrey. About 46% of the

respondents were camel milk consumers, while 53.7% did

not consume camel milk. Ethnic communities with the

highest consumption of camel milk were Ajuran (82.8%),

Garrey (81%) and Somali (73%).

Camel milk preparation for consumption at household

level

Most households consumed raw camel milk either fresh

or after spontaneous fermentation. Heat-treated milk was

mainly given to the preschool children, but majority of

the rest preferred raw or fermented unpasteurized milk.

The milk was consumed alone or along with other foods.

Majority of households indicated that camel milk was

heated at temperatures close to the boiling point.

Traditional fermentation of susac was practiced in few

households with the large majority buying from the mar-

ket. Susac preparation involved spontaneous fermentation

by storing the milk in a gourd or plastic container at

room temperature for 2–3 days and in some cases for up

to 4–6 days.

Table 1. Distribution of participants‘ background characteristics by the occurrence of diarrhoea and/or vomiting with or without fever among

children and young adults in Isiolo, Kenya

Diarrhoea and/or vomiting

present

Diarrhoea and/or vomiting

absent

Chi-squared P-valuen = 104 Percentage n = 797 Percentage Total

Age (years)

3–5 9 8.5 98 12.3 107 0.21

6–15 41 39.4 354 44.4 395

16–25 54 51.9 345 43.3 399

Sex

Male 41 11.4 318 88.6 359 0.93

Female 63 11.6 479 88.4 542

Education level

Lower primary school 13 9.2 129 90.9 142 0.88

Upper primary School 21 13.2 138 86.8 159

Secondary school 40 12.4 284 87.7 324

Tertiary level – –

Residence time in area

Full time 81 11.0 657 89.0 738 0.35

Regularly absent 22 14.5 130 85.5 152

None resident 1 33.3 2 66.7 3

Other 0 0 3 100 3

Source of water

Tap 49 47.1 386 48.4 435 0.61

Delivery 23 22.1 140 17.6 163

River and dam 31 29.8 267 33.5 298

Other 1 1 4 0.5 5

Toilet availability

Pit latrine 81 77.9 594 74.5 675 0.08

No toilet 22 21.2 152 19.1 174

Improved toilet 1 1.0 51 6.4 52
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Risk factors for diarrhoea and/or vomiting

Based on subjective reports of symptoms incidence within

a 14-day recall period, the prevalence of fever was 29%,

while for diarrhoea and vomiting were 8% and 7%, respec-

tively. Univariate analysis of diarrhoea and/or vomiting for

the case and control groups indicated that consumption of

raw camel milk was highly significant with OR being 2.7

[95% confidence interval (CI): 1.6–4.5; P < 0.001], while

fermented camel milk (OR: 1.7; P < 0.05) and chemical

treatment of water (OR: 1.9; P = 0.05) were significant risk

factors for diarrhoea and/ or vomiting. Boiled cow milk

(OR: 0.5; 95% CI: 0.3–1.01; P < 0.05), boiled water (OR:

0.5; P = 0.06), consumption of spinach (OR: 0.5; P <

Table 2. Univariate analyses of risk factors in occurrence of diarrhoea and/or vomiting with or without fever in the nested case-control design

among children and young adults in Isiolo, Kenya

Variablea Risk factor

Diarrhoea and/or

vomiting present

Diarrhoea and/or

vomiting absent

Odds ratio 95% confidence interval P-value (Wald test)n = 104 Percentage n = 312 Percentage

Boiled goat milk Consumed 52 50 183 58 0.7 0.4–1.1 0.12

Did not consume 52 50 129 42 1

Raw camel milk Consumed 42 40 62 20 2.7 1.6–4.5 <0.001***

Did not consume 62 60 250 80 1

Boiled camel milk Consumed 53 51 124 40 1.6 1.0–2.5 0.05*

Did not consume 52 49 188 60 1

Fermented camel milk Consumed 44 42 94 30 1.7 1.1–2.8 0.02*

Did not consume 60 58 218 70 1

Boiled cow milk Consumed 83 80 275 88 0.5 0.3–1.0 0.03*

Did not consume 21 20 37 12 1

Spinach Consumed 79 23 266 77 0.5 0.3–0.9 0.02*

Did not consume 25 36 44 64 1

Carrots Consumed 98 26 279 74 1.9 0.8–4.6 0.17

Did not consume 6 16 32 84 1

Tomatoes Consumed 101 25 309 75 0.2 0.04–1.3 0.10

Did not consume 3 60 2 40 1

Irish potatoes Consumed 99 26 288 74 2.8 0.8–9.3 0.11

Did not consume 3 11 24 89 1

Oranges Consumed 92 24 292 76 0.54 0.3–1.2 0.13

Did not consume 11 37 19 63 1

Mutton Consumed 68 29 170 71 1.60 1.0–2.6 0.05

Did not consume 35 20 140 80 1

Boiled drinking

water

Yes 22 47 107 62 0.5 0.3–1.1 0.06

No 25 53 66 38 1

Chemical water

treatment

Yes 24 51 62 36 1.9 0.9–3.8 0.05

No 23 49 111 64 1

Hand washing Used soap 52 50 191 61 0.6 0.4–1.0 0.04*

Did not use soap 52 50 121 39 1

Toilet available Available 79 77 256 84 0.6 0.3–1.1 0.07

Not available 24 23 47 16 1

Proper drainage Available 22 21 110 35 0.5 0.3–0.9 0.007**

Not available 82 79 202 65 1

Levels of significance: *P < 0.05; **P < 0.01; ***P < 0.001.
aOnly variables with P £ 0.2 are shown. Other variables tested include age, sex, raw goat milk, fermented goat milk, raw cow milk, fermented

cow milk, vegetables, fruits, meat, cattle meat, camel meat, goat meat, eggs, boiled milk, toilet type, sewage system and littered compound.
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0.05), washing hands with soap (OR: 0.6; P < 0.05) and

presence of proper drainage (OR: 0.5; P < 0.05) emerged

as protective effects (Table 2). In the multivariate back-

ward selection logistic regression analysis (Table 3), raw

camel milk (OR: 2.3; 95% CI: 1.4–3.8; P < 0.01), carrots

(OR: 2.8; P < 0.5) and Irish potatoes (OR: 3.1; P < 0.05)

were important risk factors while boiled goat milk, spinach

and the presence of improved toilets were protective effects

to diarrhoea and/or vomiting.

Different ethnic communities had different perception

on risks factors associated with occurrences of gastrointes-

tinal illness (Table 4) with raw milk products reported by

majority as a likely cause of the latter. When participants

were asked to rank some foods according to risk of

diarrhoea and/or vomiting, water was ranked first

followed by milk with fruits and vegetables listed as the

least. Dirt (70.4%), water (40.8%), foodstuffs in general

(20.4%) and milk (6%) were indicated as the possible

causes of diarrhoea and/or vomiting in an open-ended

question on causes of diarrhoea. Seven per cent of the

participants were not aware of the possible causes of

gastrointestinal illnesses.

Discussion

Diarrhoea and vomiting are the main symptoms of food-

borne gastrointestinal illness and are a major health burden

in developing countries (Murray and Lopez, 1997; Kosek et

al., 2003; WHO, 2007). Several epidemiological studies

(Barrett, 1986; Keene et al., 1997; Cody et al., 1999; Kal-

man et al., 2000; De Buyser et al., 2001; Harrington et al.,

2002; Oliver et al., 2005) have documented the public

health problems associated with consumption of unpas-

teurized cow’s milk and raw milk products. In the current

study, raw camel milk was shown to be significantly associ-

ated with diarrhoea and/or vomiting more than cow or

goat milk. However, the results of this study should not

discourage consumption of camel milk, but instead should

serve to raise awareness of the need to pasteurize or

adequately heat treat camel milk before consumption or

fermentation. This is because sale of camel milk is a major

source of income for women and households in this region.

Table 3. Backward selection multivariate analyses of risk factors in

occurrence of diarrhoea and/or vomiting for the nested case-control

study among children and young adults in Isiolo, Kenya

Variablea Odds ratio

95% confidence

interval P(LR v2)

Raw camel milk 2.3 1.4–3.8 0.0018

Boiled goat milk 0.6 0.3–0.9 0.02

Spinach 0.5 0.3–0.9 0.03

Carrots 2.8 1.0–7.5 0.03

Irish potatoes 3.1 0.9–11 0.049

Drainage 0.5 0.3–1.1 0.075

Pit toilet 1.6 0.8–3.0 0.0009

Improved toilet 0.08 0.01–0.5 –

P(LR v2) is the log-likelihood test; level of significance: *P < 0.05.
aAs a result of many missing values of boiled drinking water

(n = 196), it was not added in the multivariate model. Note that in

total, seven cases and controls did not have full datasets (missing

value for one of the variables included) for multivariate analyses. The

goodness-of-fit of the final model G = 47.2, df = 8, P < 0.001.

Table 4. Risk perception regarding association of gastrointestinal illness from consumption of different foods as reported by different ethnic

groups in Isiolo, Kenya

Food

Somali Boran Turkana Meru Others
P-value

(Wald test)n = 301 Percentage n = 165 Percentage n = 186 Percentage n = 94 Percentage n = 84 Percentage

Fruits/vegetables 126 41.9 75 45.5 84 45.2 47 50 28 33.3 0.20

Meat 49 16.3 30 18.2 39 21 15 16 11 13.1 0.52

Raw cow milk 143 47.5 61 37 66 35.5 34 36.2 31 36.9 0.04*

Boiled cow milk 4 1.3 1 0.6 2 1.1 1 1.1 1 1.2 0.97

Fermented cow

milk

31 10.3 9 5.5 8 4.3 8 8.5 10 11.9 0.06

Raw camel milk 132 43.9 59 35.7 62 33.3 25 26.6 27 32.1 0.01**

Boiled camel milk 3 1 2 1.2 12 6.5 4 4.2 0 0 0.001***

Fermented camel

milk

16 5.3 20 12.1 16 8.6 8 8.5 15 17.9 0.01**

Raw goat milk 137 45.5 50 30.3 57 30.7 26 27.7 27 32.2 0.001***

Boiled goat milk 2 0.7 3 1.8 3 1.6 2 2.1 1 1.2 0.75

Fermented goat

milk

26 8.6 8 4.9 10 5.4 10 10.6 12 14.3 0.05*

Water 211 70 97 58.8 113 60.8 55 58.5 42 50 0.01**

Levels of significance: *P < 0.05; **P < 0.01; ***P < 0.001.
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In addition, camel milk is a major source of protein, vita-

mins and minerals for pastoralist communities lacking

access to fruits and vegetables (Farah, 2004). Consumption

of raw or fermented camel milk have also been described as

a cure for various illnesses including cleansing the gastroin-

testinal tract and treating of diarrhoea (Agrawal et al.,

2003, 2007; El-Agamy, 2006).

High bacteriological counts normally found in raw

camel milk (Younan and Abdurahman, 2004; Farah et al.,

2007; Kaindi, 2009) is a possible explanation for associa-

tion of camel milk consumption with occurrence of gas-

trointestinal illness. For instance, Kaindi (2009) reports

total bacterial counts of >107 colony-forming units (CFU)/

ml, 105 CFU/ml for Enterobacteriaceae, 104 CFU/ml for

presumptive streptococci, 105 CFU/ml for presumptive

staphylococci and up to 103 CFU/ml for yeast and mould

in raw camel milk obtained from the final camel milk mar-

kets. Further research on molecular typing of the bacterial

isolates (Njage, 2010) revealed presence of shigatoxigenic

Escherichia coli with shigatoxigenic genes stx1, stx2

and eae and coagulase-positive and coagulase-negative

Staphylococcus aureus with majority being Staphylococcus

simulans and Staphylococcus epidermidis positive for staphy-

lococcal enterotoxin genes encoding SEJ, SEB, SED and

SEG attributed to gastrointestinal illness. De Buyser et al.

(2001) and Leclerc et al. (2002) reported milk as a common

vehicle for pathogenic bacteria. In this study, cow’s milk

was consumed after heat treatment while camel milk was

consumed raw because of strongly rooted cultural norms.

Similarly, milk used for making susac did not go through

any heat processing which can constitute a potential risk as

milk-borne pathogens may not be inhibited by the level of

acidity developed during the fermentation process (Younan

and Abdurahman, 2004). The heat-treated camel milk had

significant relationship with symptoms of gastrointestinal

illness probably because it was inadequately heated owing

to the belief that heating destroys the health value,

although this assumption does not seem to have any sci-

entific basis. Most of the participants did not think that

raw camel milk was capable of causing disease and hence

boiling was not required. So the milk was heated only

mildly. Similar to this study, consumption of boiled/

pasteurized milk was also observed to be a risk factor to

diarrhoeal illnesses in Mali (Bonfoh et al., 2003; Hetzel et

al., 2004).

Vegetables have also been reported in various studies as

risk factors to gastrointestinal illness (Long et al., 2002;

Sivapalasingam et al., 2004; Little and Gillespie, 2008),

which agree with the current study where carrots and

Irish potatoes were found to be important risk factors.

Other possible sources of food-borne bacteria such as the

environment, drinking water, other foodstuffs consumed

either alone or along with milk (Saidi et al., 1997; Bonfoh

et al., 2003) and poor sanitation (Unnevehr and Hirsch-

horn, 2001) could also play a role.

Multiple logistic regression with backward stepwise

selection analysis allows adjusting for certain confounders,

but, testing too many factors also bears the risk of encoun-

tering an association at the 5% significance level because

of chance (Hetzel et al., 2004). The use of 14-day recall

period might also introduce a certain misclassification in

areas with high incidence of gastrointestinal illnesses as a

result of underreporting because of forgetfulness or

increased confounding emanating from unidentified varia-

tion in individuals’ experience. The respondent’s personal

perception of the symptoms was employed in this current

study as had been reported in other studies (Baqui et al.,

1991; Boerma et al., 1991; Ramakrishnan et al., 1999;

Hetzel et al., 2004) as this reduces the recall bias. The

study’s inability to exclude all confounding factors made it

difficult to ascertain precisely the extend of gastrointestinal

illness from specific food commodities.

The relative risk and perceived importance of food-

borne hazards differs according to a range of factors

including levels of economic development, climatic con-

ditions, cultural and social norms and the prevailing

infrastructure (Schorling et al., 1990). The source and

the time elapsed between milking and consumption is

very crucial in determining the possibility of gastrointes-

tinal illness from milk consumption (Younan and Ab-

durahman, 2004; Farah et al., 2007), especially where

cold chains and basic hygiene are lacking. Like many

pastoralist communities, consumers in this region were

ignorant of the risks associated with the consumption

of raw or inadequately pasteurized/boiled milk. The

majority of the interviewees consumed milk bought

from the market while a small percentage owned camels

or consumed milk obtained from their own farm.

Therefore, there is a need for education to consumers

on the risks associated with consumption of raw milk

and other products.

Conclusion

We conclude that at the current status, consumption of

raw, heated and fermented camel milk from informal

market chains, mutton and vegetables pose potential risks

to the occurrence of gastrointestinal illness. Washing of

hands with soap, boiling of water, boiling of cow and

goat milk, presence of improved toilets and proper drain-

age in this study area were protective factors to gastroin-

testinal illnesses and could serve as possible areas of

intervention. Food safety interventions should therefore

be designed in a more transdisciplinary and holistic man-

ner to lessen food-borne disease burden in the ASAL

regions.
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