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Abstract
Background: Cow’s milk protein allergy (CMPA) affects between 0.6 and 0.9% of the general
population, and its treatment implies the total elimination of the intake of this protein. Camel’s
milk has been suggested as an alternative for patients over one year of age who suffer from
CMPA due to the difference in the amino acid sequence from that of cow’s milk. The objective
of this study was to evaluate the safety and tolerability of camel’s milk in children with CMPA.
Methods: Crossed clinical trial for the use of camel’s milk vs. amino acid formula, carried out
at the Dr. Federico Gómez Children’s Hospital of Mexico (HIMFG) on patients between one and
18 years of age with diagnosed CMPA confirmed through double-blind, placebo-controlled food
challenges (DBPCFCs). Only those whose allergies were confirmed were randomly placed into
two groups: those to be administered camel’s milk and those to be administered the amino-acid
formula for two weeks, followed by a six-week wash-out period, and then a group crossing for
a further two weeks.
Results: 49 patients with suspected CMPA were included in the study; the diagnosis was confirmed through DBPCFCs in 15 patients, who were those who participated in the study. After
having been administered camel’s milk, none of the patients presented adverse effects.
Conclusions and clinical relevance: Camel’s milk is safe and tolerable in patients above one
year of age with CMPA and can be considered as a good alternative given the benefit of its taste
compared to other formulas.
© 2017 SEICAP. Published by Elsevier España, S.L.U. All rights reserved.

Abbreviations: CMPA, cow’s milk protein allergy; HIMFG, Hospital Infantil de México Federico Gómez; DBPCFC, double-blind, placebocontrolled food challenge.
∗ Corresponding author.
E-mail address: blancadelrionavarro@gmail.com (B.E. Del-Rio-Navarro).
https://doi.org/10.1016/j.aller.2017.06.005
0301-0546/© 2017 SEICAP. Published by Elsevier España, S.L.U. All rights reserved.

150

Introduction
Cow’s milk protein allergy (CMPA) affects between 0.6 and
0.9% of the general population, and is a public health
issue that mainly affects the paediatric population.1,2
Although the diagnosis of CMPA is not simple, we know that
double-blind, placebo-controlled food challenges (DBPCFCs)
continue to be the gold standard for its diagnosis, especially
in research studies.2---4 Current treatment for CMPA today
implies totally eliminating the intake of the protein, which
in most cases represents a huge challenge for the family and
attending physicians.5---7
Whenever prescribing a diet free from cow’s milk protein, it must be nutritionally adequate, which is why the
objective is to reach a protein---calorie balance with an adequate amino-acid composition, as well as a proper source
of calcium. It is necessary to complement the diet of children under the age of one with an extensively hydrolysed
or amino-acid formula,8 however, low organoleptic acceptance, understood as the sensory perception of the physical
qualities of matter, greatly limits the use of these formulas,
as does adherence; furthermore, it has been noted that the
smaller the amount of administered protein, the worse the
flavour.9
After the first year of age, introducing solid foods into
the baby’s diet avoids the need for cow’s milk protein.8
Formulas that are extensively hydrolysed with casein and
whey, as well as amino acids, are designed for children under
the age of one, acting as a substitute for cow’s milk protein; after this first year of life, this protein is no longer
necessary for their diet.8 However, it has been proven that
children over the age of one who have restrictions regarding
this product and its derivatives, absorb less protein and
calories over all, even when aided by nutritionists.10 Cow’s
milk is highly consumed not only in Mexico, but around the
world. According to the Mexican Secretariat of Economy and
the General Directorate for Basic Industries, in 2010, 97
litres of cow’s milk were consumed per inhabitant per year
in Mexico,11 without taking into account that a significant
amount of processed food contains cow’s milk protein as a
base ingredient.12,13
Camel’s milk has been proposed as an alternative for
patients who suffer from CMPA because of its different
amino-acid sequence; furthermore, it presents low quantities of ␤ casein (Bos d8) and no ␤ lactoglobulins (Bos d5),14
and is adequately nutritionally balanced with essential components such as lactoferrin, immunoglobulins, lysozyme,
and vitamin C15 (Table 1).
Various authors have tried to test the tolerability of
camel’s milk on patients who are allergic to cow’s milk protein, and have obtained favourable results; however, it is
worth considering that most of these studies evaluate the
tolerability of camel’s milk in open trials, which could skew
the results.
The objective of our study was to evaluate the safety of
administering camel’s milk to paediatric patients over the
age of one with CMPA.

Materials and methods
A cross-over clinical trial was carried out at the Dr. Federico Gómez Children’s Hospital of Mexico (HIMFG), from
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January to December 2016, to compare the safety between
administering camel’s milk vs. amino-acid formula on children diagnosed with CMPA. Patients from 1 to 18 years of
age with suspected CMPA --- understood as the presence of
respiratory, cutaneous, gastrointestinal or nasal symptoms
associated with the intake of cow’s milk protein --- were
included in the initial study. Patients with allergies from
other food sources were excluded from the study, as well as
those under the treatment of immunosuppressive drugs, systemic steroids, antihistamines and anti-leukotrienes. None
of the patients suffered from any concomitant chronic illnesses, except from rhinitis or asthma; notwithstanding,
adequate symptom control was carried out when participating in the trial.
This trial was approved by the Ethics and Biosafety
investigation committees at HIMFG (protocol number
HIM/2016/006).
All patients, with prior informed consent, underwent a
full medical evaluation by a certified paediatrician, including medical records and a physical examination. The first
step was to confirm the diagnosis of CMPA by carrying out
a DBPCFC with the cow’s milk protein; in accordance with
international guidelines on the matter,23 patients underwent a strict cow’s milk protein elimination diet over six
weeks with previous supervision and education regarding
food that could contain the ingredient and label reading.
At the end of these six weeks, a placebo or lactose-free
milk was administered on two separate days, with dosage
levels progressing every 30 min, until reaching a volume of
240 ml. The presence of abdominal, cutaneous, respiratory
and nasal symptoms was monitored, and results were considered positive when objective symptoms were present, or
subjective symptoms in three consecutive doses, and worsened or persisted after 40 min.24
Having confirmed the diagnosis of CMPA, medical advice
was newly given concerning the elimination diet and
patients were summoned six weeks later. During this sixweek period, patients were randomised by a random
numbers generator which balanced out segments of five
patients in one of two groups: one to be administered
camel’s milk and the other an amino-acid formula in accordance with Table 2. Neither the doctors in charge of
administering and monitoring, nor the patients nor family
members knew what the trial was about. Patient monitoring was carried out according to the times specified
in Table 2 at the hospital, in case of the presence of
abdominal, cutaneous, respiratory and nasal symptoms.
Results were deemed positive when objective symptoms were present, or subjective symptoms present in
three consecutive doses, and worsened or persisted after
40 min.
In case of negative results throughout this period of hospital monitoring, patients would be released and given enough
formula/milk so as to ingest 200 ml per day over seven days.
At the end of the intervention, an intermediate six-week
cleansing period was given, in which neither intervention
(formula or milk) was administered. The groups were then
switched, so as to carry out the same procedure with the
other intervention. Daily follow-up was given over the phone
during these two weeks, and at the end of the whole process a physical examination was carried out by a paediatric
allergist.
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Nutritional composition of 100 ml of camel milk and other milk formulas.25---27

Components

Camel milk

Cow milk

Human milk

Extensively hydrolysed formula

Amino-acid formula

Energy (kcal)
Proteins (g)
Fat (g)
Whey/casein Relation
Carbohydrates (g)
Phosphorus (mg)
Magnesium (mg)
Calcium (mg)
Potassium (mg)
Chlorine (mg)
Sodium (mg)
Copper (mcg)
Iron (mcg)
Zinc (mcg)
Vitamin C (mg)
Thiamine (B1 ) (mg)
Riboflavin (B2 ) (mg)
Niacin (mg)

45
2.2
2
30:70
4.6
51.5
14.2
117
60
163
69
1.4
39
121
4.6
0.05
0.07
0.52

62.7
3.2
3.5
20:80
4.6
91
9.6
115
140
97
51.5
3
0.05
0.4
3
0.03
0.09
0.16

62
0.9
3.2---4.5
80:20
6.8---7.4
14
2.8
28
45
39
14
35
76
240
3.5
0.01
0.04
0.21

75
2.0
3.7
100:0a
8
34.4
7.9
51.3
83.4
59.6
33
54
0.6
0.6
8.7
0.47
0.09
0.66

75
2
3.7
N/A
8.5
40
7
60
86.6
63
26.3
61.3
0.76
0.76
10
0.07
0.16
0.62

a The composition of milk formulas may vary depending on the manufacturer, for the determination of breast milk the mature stage
was considered.

Table 2 Steps for administration of double-blind placebocontrolled oral challenge.
Step

Time

Amount

Tolerates

1
2
3
4
5
6
7
8
9

00:00
00:30 min
01:00 h
01:30 h
02:00 h
02:30 h
03:00 h
03:30 h
04:40 h

0.1 ml
0.2 ml
0.5 ml
1.5 ml
4.5 ml
15 ml
40 ml
60 ml
97.2 ml

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Total

06:00 h

219 ml











No
No
No
No
No
No
No
No
No











Verum preparation (camel milk): amino-acid formula, camel
milk (2.62 g protein), sugar + vanilla flavouring.
Placebo preparation (amino-acid formula): amino-acid formula,
sugar, vanilla flavouring.

Results
A total of 49 patients with suspected CMPA were evaluated, 49.0% male (95%CI 35.5---62.5) and 51.0% female (95%CI
37.4---64.4); at the time of trial inclusion, the mean age
was 4.3 (1---13 years old). The most frequently mentioned
Table 3

symptoms related to cow’s milk protein consumption were
abdominal and mainly abdominal pain (Table 3).
A DBPCFC for cow’s milk protein was carried out on the
49 trial patients, confirming CMPA diagnosis in one third of
the total (15 patients), nine males and six females with a
mean age of four (1---9 years old) (Table 3).
The most frequent symptoms in patients with confirmed
CMPA were cutaneous, then abdominal (Table 4).
The 15 patients with diagnosed CMPA were randomised
to receive one of the two interventions (Fig. 1). All of the
patients concluded the protocol. None of the 15 patients
presented any symptoms from the amino-acid formula or
from the camel’s milk during the days the trial was carried
out, hence they followed the free daily intake of 200 ml of
camel’s milk over the following seven days.
None of the patients presented late adverse effects from
ingesting camel’s milk.

Discussion
The prevalence of CMPA is a significant public health issue
that has increased over the last decades,2 and whose treatment implies the total suspension of the intake of this
protein. The clinical use of milk originating from other mammals has been proposed, including that of sheep, goats,
donkeys and buffalo, however, their protein sequences have

Description of the population included in the study in groups: camel milk and amino-acid formula.

Sex
Age
Age at diagnosis

Camel milk n = 8

Amino-acid formula n = 7

p

Male = 62.5%
Female = 37.5%
Median = 4.4 years old (1.5---7 years old)
Median = 2.5 years old (1---7 years old)

Male = 57.1%
Female = 42.8%
Median = 2.9 years old (1.8---9.5 years old)
Median = 1.8 years old (1---9.5 years old)

p = 0.62
p = 1.00
p = 1.00
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Table 4 Symptoms presented in patients with DBPCFC positive to cow’s milk.
Present symptoms during
DBPCOFC to cow’s milk

Percentage n = 15 95%CI

Abdominal
Skin
Respiratory
Cardiovascular
Anaphylaxis

73.3%
80.0%
26.6%
0%
0%

48.0---89.1%
54.8---92.9%
10.9---51.9%
NV
NV

DBPCFC were performed to 49 patients with suspected CMPA, the
results presented here are those obtained in patients in whom
the diagnosis was confirmed, for the remaining patients CMPA
was discarded and they currently consume cow’s milk protein
without presenting any symptoms. NV: not valid.

been found to be homologous to that of cow’s milk, which
is why their use is not recommended in CMPA patients.2
Camel’s milk has been suggested as an alternative for this

population due to its differences from cow’s milk protein19
as well as its high nutritional content; camel’s milk has been
widely distributed and accepted in countries in East Africa
for decades, and with the growing levels of urbanisation,
consumption and commercialisation have increased in urban
areas, improving quality standards, and managing sales in
countries far from the Middle East.20---22
We did not find mediated or non-mediated IgE symptoms
regarding the intake of camel’s milk, proving a similar tolerability level between the amino-acid formula and camel’s
milk in CMPA patients, as found by El-Agamy et al.,16 who
administered camel’s milk to a group of 28 children with confirmed CMPA without any secondary clinical manifestations
in its use; also Shabo et al.,17 who through a simple trial
administered camel milk to a group of eight children with
CMPA, proving adequate tolerance. Ehlayel et al. studied
a group of 35 patients with symptoms related to CMPA with
specific IgE and positive skin tests for cow’s milk; all patients
underwent skin tests for camel’s milk and those with

Enrollment

Assessed for eligibility (n= 49 )
Excluded (n= 34 )
♦Not meeting inclusion criteria: APLV was
not found (n=34 )

Randomised (n=15 )

Allocation
Allocated to intervention: Amino-acid formula
(n= 7 )
Received allocated intervention (n= 7 )

Allocated to intervention: Camel milk (n=8 )
Received allocated intervention (n= 8 )

Follow - up
Lost to follow-up (n=0 )
Discontinued intervention (n= 0 )

Lost to follow-up (n=0 )
Discontinued intervention (n= 0 )

Group crossing

6 week wash period

6 week wash period
Allocated to intervention: Camel milk(n=7 )
Received allocated intervention (n= 8 )
Did not receive allocated intervention (n=0 )

Allocated to intervention: Amino-acid formula
(n= 8)
Received allocated intervention (n= 7 )
Did not receive allocated intervention) (n= 0 )

Follow up
Lost to follow-up (n=0 )
Discontinued intervention (n= 0 )

Lost to follow-up (n=0 )
Discontinued intervention (n= 0 )

Analysis
Analysed (n=15 )
Excluded from analysis (n= 0)

Figure 1

Analysed (n= 15 )
Excluded from analysis (n= 0)

Patient enrollment, randomization and follow-up.

Camel’s milk in cow’s milk allergy
negative results (n = 28) were administered camel’s milk.
None of those 28 patients presented any symptoms while
undergoing the open trial.18
Throughout the ample literature review we carried out,
we found only one reported case where a patient with CMPA
suffered from anaphylaxis with camel’s milk, published by
Al-Hammadi23 in 2010, concerning an atopic six-year-old
child with uncontrolled asthma, multiple food allergies and
atopic dermatitis; we considered it unwise to carry out
DBPCFCs with camel’s milk on patients with uncontrolled
allergic pathologies, especially with asthma, due to the high
risk of severe side effects.
It is worth noting that as suggested in worldwide literature, we found a significant overdiagnosis of CMPA, which
was only confirmed in 30.6% of patients who suspected suffering from CMPA.
Having an alternative to cow’s milk for children with
CMPA, which has an adequate taste and is safe to consume,
is extremely important, as it could have a positive impact
on the quality of life of patients and their families. Up until
now, our study is the only one to have been carried out with
DBPCFCs to value the tolerability of camel’s milk in patients
with CMPA, significantly reducing methodological bias and
adding value to the presented results.
Although other authors have performed skin tests or measured camel’s milk’s specific IgE, we did not carry out those
tests because we used DBPCFC, which is the gold standard
of diagnosis and capable of diagnosing both IgE and non-IgE
CMPA.
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Conclusion
Our study proves that camel’s milk is safe and adequately
tolerable for patients over the age of one with CMPA and
could be considered as a good alternative due to its better
flavour and lower cost than other formulas.

13.

Funding

14.

Camel’s milk was obtained as a donation from the Emirate
company ‘‘Camelicious’’ Emirates Industry for Camel Milk &
Products.

15.

Conflict of interest
The authors declare no conflict of interest.

Acknowledgments

16.

17.
18.

19.

The authors thank ‘‘Camelicious’’ Emirates Industry for
Camel Milk & Products for supplying camel milk and to
Muhammad Ashraf, Sales Manager, who was personally in
charge of the process.

20.

References

22.

1. Chafen JJ, Newberry SJ, Riedl MA, Bravata DM, Maglione M, Suttorp MJ, et al. Diagnosing and managing common food allergies:
a systematic review. JAMA. 2010;303:1848---56.
2. Fiocchi A, Schünemann HJ, Brozek J, Restani P, Beyer
K, Troncone R, et al. Diagnosis and rationale for action

21.

23.
24.

against cow’s milk allergy (DRACMA). J Allergy Clin Immunol.
2010;126:1119---28.
De Greef E, Hauser B, Devreker T, Veereman-Wauters G, Vandenplas Y. Diagnosis and managemente of cows milk protein allergy
in infants. World J Pediatr. 2012;8:19---24.
Huang F, Kim JS. IgE-mediated cows milk allergy in children.
Curr Allergy Asthma Rep. 2012;12:630---40.
Dambacher WM, de Kort EH, Blom WM, Houben GF, de Vries
E. Double-blind placebo-controlled food challenges in children
with alleged cow’s milk allergy: prevention of unnecessary
elimination diets and determination of eliciting doses. Nutr J.
2013;12:22.
Kattan J, Cocco R, Jarvinen K. Milk and Soy Allergy. Pediatr Clin
N Am. 2011;58:407---26.
Vandenplas Y, Brueton M, Dupont C, David Hill, Erika Isolauri,
Sibylle Koletzko, et al. Guidelines for the diagnosis and management of cows milk protein allergy in infants. Arch Dis Child.
2007;92:902---8.
Koletzko S, Niggemann B, Arato A, Dias JA, Heuschkel R,
Husby S, et al. Diagnostic approach and management of cow’smilk protein allergy in infants and children: ESPGHAN GI
Committee practical guidelines. J Pediatr Gastroenterol Nutr.
2012;55:221---9.
Pedrosa M, Pascual CY, Larco JI, Esteban MM. A comparative
study of taste, smell, and texture evaluated by healthy volunteers. J Investig Allergol Clin Immunol. 2006;16:351---6.
Maslin K, Oliver EM, Scally KS, Atkinson J, Foote K, Venter C,
et al. Nutritional adequacy of a cows’ milk exclusion diet in
infancy. Clin Transl Allergy. 2016;6.
http://www.economia.gob.mx/files/comunidad negocios/
industria comercio/informacionSectorial/analisis sector
lacteo.pdf.
Robson SM, Khoury JC, Kalkwarf HJ, Copeland K. Dietary
intake of children attending full-time child care: what are they
eating away from the child-care center? J Acad Nutr Diet.
2015;115:1472---8.
Meyer R, De Koker C, Dziubak R, Godwin H, Dominguez-Ortega
G, Shah N. Dietary elimination of children with food protein induced gastrointestinal allergy --- micronutrient adequacy
with and without a hypoallergenic formula? Clin Transl Allergy.
2014;4:31.
Ehlayel M, Bener A, Abu Hazeima K, Al-Mesaifri F. Camel milk
is a safer choice than goat milk for feeding children with cow
milk allergy. ISRN Allergy. 2011;29:391641.
De Almeida Roberto Ronald. Leche de camello: características y
perspectivas para uso en clínica. Rev Chil Nutr. 2011;38:211---8.
El-Agamy EI, Nawar M, Shamsia SM, Awad S, Haenlein GFW. Are
camel milk proteins convenient to the nutrition of cow milk
allergic children? Small Rumin Res. 2009;82:1---6.
Shabo Y, Barzel R, Margoulis M, Yagil R. Camel milk for food
allergies in children. Isr Med Assoc J. 2005;7:796---8.
Ehlayel MS, Hazeima KA, Al-Mesaifri F, Bener A. Camel milk: an
alternative for cow’s milk allergy in children. Allergy Asthma
Proc. 2011;32:255---8.
Restani P, Beretta B, Fiocchi A, Ballabio C, Galli CL. Crossreactivity between mammalian proteins. Ann Allergy Asthma
Immunol. 2002;89:11---5.
El-Agamy EI. Are camel milk proteins convenient to the nutrition
of cow milk allergic children? Small Rumin Res. 2009;82:1---6.
Farah Z. Camel milk. Swiss Federal of Technology. Elsevier;
2011.
Mohammad S, Ehlayel MD, Khalid Abu Hazeima MD. Camel milk:
an alternative for cow’s milk allergy in children. Allergy Asthma
Proc. 2011;32:255---8.
Al-Hammadi S, El Hassan T, Al-Reyami L. Anaphylaxis to camel
milk in an atopic child. Allergy. 2010;65:1622---9.
Sampson HA, van Wijk RG, Bindslev-Jensen C, Sicherer S,
Teuber SS, Burks AW, et al. Standarizing double blind, placebo-

154
controlled oral food challenges: American Academy of Allergy
and Clinical Immunology PRACTALL consensus report. J Allergy
Clin Immunol. 2012;130:1260---74.
25. Product Nutrition Labeling. http://www.fao.org/docrep/003/
X6528E/X6528E03.htm#chIII.https://camelicious.in/shop/
camel-milk-powder/buy-camel-milk-india-1kg/.

E.M. Navarrete-Rodríguez et al.
26. Fomon Samuel J. Nutrition of normal infants, vol. 1, 1st ed.
Mosby; 1993 [chapters 9 and 10].
27. Shamsia SM. Nutritional and therapeutic properties of camel
and human milks. Int J Genet Mol Biol. 2009;1:52---8.

