
ArticlesClinical Investigationnature publishing group

Background: This study aimed to investigate the role of 
the effectiveness of camel milk (CM) (raw and boiled) on thy-
mus and activation-regulated chemokine (TARC) serum levels 
and childhood autism rating scale (CARS) score in subjects 
with autism and compared to placebo group (cow milk).
Methods: Forty-five subjects diagnosed with autism were 
randomly assigned to receive boiled CM for group I (n = 15), 
raw CM for group II (n = 15), and placebo for group III (n = 15) 
for 2 wk. Measures included changes in professionally com-
pleted CARS score and blood samples for TARC serum level 
were taken before and after milk consumption of 500 ml per 
day in children’s regular daily diet.
Results: The serum levels of TARC decreased significantly 
(P = 0.004) in boiled CM and in raw CM group (P = 0.01) 
too, but no effect was observed (P = 0.68) in placebo group. 
Furthermore, significant improvements were observed in 
CARS score (P = 0.04) in raw CM group only. There were no 
significant relationships between the serum of TARC level and 
the CARS score, age, or gender for any group.
Conclusion: CM administered for 2 wk significantly 
improved clinical measurements of autism severity and 
decreased serum level of TARC in autistic children, but subse-
quent studies are recommended.

Autism is a severe neurodevelopmental disorder that is 
characterized by impairment in verbal and nonverbal 

communication, imagination, reciprocal social interaction, 
and evidence of developmental delay within the first 3 y of life 
(1–4). Immunological and environmental factors, such as diet, 
infection, and xenobiotics play critical roles in the develop-
ment of autism (4–6). Over the years, research findings, espe-
cially from our lab, suggested possible involvement of altered 
immune system in the pathophysiology of autism spectrum 
disorder (ASD) (7,8). Despite the clear unmet medical need, 
currently, there is no recognized effective comprehensive treat-
ment (9).

Proinflammatory chemokines, such as monocyte chemo-
tactic protein-1 and thymus and activation-regulated chemo-
kine (TARC), along with cytokines, such as tumor necrosis 

factor α, were consistently elevated in the brains of individuals 
with autism (7,8). At critical times of infantile development, 
immune dysregulation may result in the release of immune-
modulatory molecules, such as chemokines and cytokines, 
leading to altered neuronal development and neural function 
(10,11). Furthermore, Ashwood and colleagues (2008) found 
that reduced levels of the modulatory cytokine, transforming 
growth factor-β1 (TGF-β1), in autistic children contributed 
to the dysregulation of adaptive behaviors and predisposal for 
autoimmune responses (12).

Milk is an important nutrient in human nourishment. In 
some communities, camels represent the most important 
source of this nutrient. Camel milk (CM) has emerged to 
have potential therapeutic effects in diseases such as diabetes 
(13,14), hepatitis B (15), possibly certain symptoms accom-
panying autism enterocolitis, H. pylori infection and lactase 
deficiency might be cured with CM as well (16). Recently, 
some parents have been using camels’ milk as a treatment in 
some children with ASD because camels’ milk appears to help 
food allergies in some individuals (17,18). CM’s lactoferrin 
has very high levels of bactericidal and bacteriostatic proper-
ties against Gram-positive and Gram-negative bacteria (19), 
more than cow and human lactoferrin. CM contains various 
protective proteins, mainly enzymes which exert antibacterial 
and immunological properties (20). The fact that CM lacks 
β-lactoglobulin and a “new” β-casein (21), two powerful aller-
gens in cow milk, makes the milk attractive for children suf-
fering from milk allergies (22). Phylogenetic differences could 
be responsible for the failed recognition of camels’ proteins 
by circulating IgEs and monoclonal antibodies (23). Children 
with severe food allergies improved rapidly with CM. CM with 
its unique properties, such as, high vitamin C levels, low fat 
content, and low molecular weight immunoglobulins, makes 
an ideal natural intervention method in ASD.

The hypothesis tested in the present study was that TARC 
act on their chemokine receptor type 4 (CCR4) receptors to 
enhance the recruitment and activation of T helper 2 cells with 
a subsequent production of type 2 cytokines that include inter-
leukin (IL)-4, IL-5, IL-9, and IL-13 (24,25). CCR4 ligands have 
an important pathogenic role in inflammatory conditions such 

Received 19 February 2013; accepted 14 September 2013; advance online publication 29 January 2014. doi:10.1038/pr.2013.248

1Department of Physiology, Autism Research and Treatment Center, Shaik AL-Amodi Autism Research Chair, Faculty of Medicine, King Saud University, Riyadh, Saudi Arabia; 
2Division of Cognitive Neurology, Department of Neurology, Berenson-Allen Center for Noninvasive Brain Stimulation, Beth Israel Deaconess Medical Center, Harvard Medical 
School, Boston, Massachusetts. Correspondence: Laila Y. Al-Ayadhi (ayadh2@gmail.com)

Effect of camel milk on thymus and activation-regulated 
chemokine in autistic children: double-blind study
Shahid Bashir1,2 and Laila Y. Al-Ayadhi1

Pediatr Res

00

00

2014

Pediatric Research

10.1038/pr.2013.248

29January2014

75

4

19February2013

14September2013

Copyright © 2014 International Pediatric Research Foundation, Inc.

Chemokines and autism

Bashir and Al-Ayadhi

Clinical Investigation

Articles

 Copyright © 2014 International Pediatric Research Foundation, Inc. 	 Volume 75  |  Number 4  |  April 2014          Pediatric Research  559

http://www.nature.com/doifinder/10.1038/pr.2013.248
mailto:ayadh2@gmail.com


Articles         Bashir and Al-Ayadhi

as allergy and some autoimmune diseases (26–28). TARC and 
their receptors have been implicated as functional mediators 
of immunopathology of autoimmune neuroinflammatory dis-
eases (29,30) and childhood autism rating scale (CARS) score 
which have a significant impact on behavior, cognition, social-
ization, and health/physical traits associated with an ASD 
diagnosis.

The present prospective, double-blind, placebo-controlled 
trial evaluated whether a standardized CM administered to 
patients diagnosed with an ASD on a daily basis for 2 wk would 
result in improved CARS score traits associated with an ASD 
diagnosis.

RESULTS
The general characteristics of the study participants and the 
results of the serum levels of TARC are depicted in Table 1. No 
significant differences were observed between the CM (raw 
or boiled) and placebo groups with respect to age, gender, or 
ASD diagnostic status. There were no significant differences 
on serum levels of TARC at baseline between the randomiza-
tion groups (P = 0.28) and on the CARS score between groups 
(P = 0.719).

Figure 1 summarizes the change in serum levels of TARC 
after the CM (raw or boiled) and placebo groups following 
2 wk of therapy. Changes in serum levels of TARC significantly 
decreased (P = 0.004, P = 0.01, for values see Table 2) for CM 
(boiled and raw) group respectively. In contrast, no similar 
changes were observed (P = 0.54, for values see Table 2) for 

placebo group. There was a significant difference (P = 0.04, for 
values see Table 3) for CARS score from 37.13 ± 5.3 (mean ± 
SEM) to 33.8 ± 2.7 (mean ± SEM) in raw CM group only. No 
significant correlation was found between serum TARC levels 
and CARS score for children with ASD for any group.

DISCUSSION
The present study is the first prospective, double-blind, pla-
cebo-controlled trial to evaluate the effects of CM therapy 
among subjects diagnosed with an ASD. In the present study, 
CM therapy (raw CM group) for 2 wk among subjects diag-
nosed with an ASD significantly improved clinical measure-
ments (CARS score) recorded by trained professional and 
parents of study subjects. Furthermore, CM therapy (raw and 
boiled) significantly decreased serum levels of TARC among 
patients diagnosed with an ASD. Finally, CM therapy was 
generally well tolerated with minimal adverse effects. The side 
effects in the children who did not tolerate the treatment well 
were irritability and/or stomach discomfort.

CM, with its distinctive properties, could be a promising 
beneficial intervention approach in ASD. Mammalian anti-
bodies composed of two identical H-chains and two identical 
L-chains (31). Camel IgG antibodies are heavy-chain antibodies 
that lack the L-chain (31). The size of the antibodies is a major 
issue in the development of human immunotherapy. Camel 
antibodies are only one tenth of the size of human antibodies, 
which makes them natural nano-bodies (31,32). Furthermore, 
the high content of vitamin C in CM gives it a string antioxi-
dant property (33). Recent reports have demonstrated higher 
oxidative stress status in ASD subjects compared to normally 
developing controls (34–36), which makes CM an ideal anti-
oxidant food for ASD subjects. In addition, those unique 
properties of CM most probably reduced TARC synthesis and 
secretion, and consequently, reducing the neuroimflammation 
and the autoimmune reaction, leading to improved behavior, 
reflected on improved CARS scoring results.

Table 1.  Baseline characteristics of camel milk group (raw and 
boiled) and placebo (cow milk) cohorts at randomization

Camel milk group

Placebo groupRaw Boiled

Age (year) 7.1 ± 3.8a 6.8 ± 4.1 6.9 ± 4.3

Gender (n)

  Male 13 14 13

  Female 2 1 2
aMean ± SD.

Figure 1.   Serum levels of thymus and activation-regulated chemokine 
(TARC) before (black columns) and after (white columns) in camel milk 
group (raw and boiled) and placebo (cow milk) group of autistic children.
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Table 2.  Serum levels of TARC results for camel milk group (raw, 
boiled) and placebo (cow milk) groups

TARC (pg/ml)

Before After

Boiled camel milk group (n = 15) 40.09 ± 5.4a 25.25 ± 3.08*

Raw camel milk group (n = 15) 45.52 ± 11 22.86 ± 5.9*

Placebo group (n = 15) 44.46 ± 10.11 47.8 ± 11

TARC, thymus activation-regulated chemokine.
aMean ± SD. *Significance level (P = 0.05).

Table 3.  Childhood autism rating scale scoring results for camel milk 
(raw, boiled) and placebo (cow milk) groups

Before After

Boiled camel milk group (n = 15) 38 ± 5.4a 35 ± 2.7

Raw camel milk group (n = 15) 37 ± 3.8 32 ± 2.6*

Placebo group (n = 15) 36 ± 3 33 ± 3.4
aMean ± SD. *Significance level (P = 0.05).
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However, a clear pattern has emerged over several studies 

that shows altered levels of immune mediators are associated 
with increased impairments in behaviors (7,12,37,38) and sug-
gests that a dysregulated immune response is related to behav-
ioral and cognitive impairments in children with ASD. The 
elements such as zinc, copper, selenium, and iron are not likely 
to have influenced our results, since their amounts in CM and 
in cow milk are practically the same (39).

Strengths/Limitations
The main strength of the present study is the design as a pro-
spective, double-blind, placebo-controlled trial. Every effort 
was made to ensure that the present study was truly double-
blind so that those evaluating study subjects, both trained 
professionals and parents, had no knowledge as to the treat-
ment status of any particular study subject. Furthermore, the 
present study also attempted to minimize the effects of study 
drop-out for potential adverse reactions in the data, espe-
cially for CARS scores. These particular scoring measure-
ments were conducted by the study investigators on each 
child regardless of whether or not they dropped-out from 
the study for potential adverse reactions. For each outcome 
measurement evaluated, the relative change for the param-
eter following 2 wk of therapy in comparison to baseline was 
examined. As a result, potential variation between study 
subjects was minimized because each study subject served 
as his or her own control.

One of the potential limitations of the present study is the 
small sample size examined. The small sample size in the pres-
ent study may have resulted in specific effects of CM therapy 
being missed because of lack of statistical power to detect 
significant changes between the CM (raw or boiled) and pla-
cebo groups. As a result, the observation of significant posi-
tive effects of CM therapy in the present study tends to argue 
that the observed effects represent genuine phenomena. The 
data from the present study provide the basis for a larger, more 
focused study on the promising elements.

A further potential limitation of the present study is the 
exact mechanism of action of CM was not elucidated from the 
present study. Finally, an additional potential limitation of the 
present study is the fact that the dose of CM used may not have 
been optimal. The dosing regimen of CM used in the pres-
ent study was derived from pediatric nutrition, as the recom-
mended starting dose for children.

Conclusion
Camels’ immune systems are stronger than that of humans and 
the small immunoglobulins pass from the CM into the human 
blood. As immunoglobulins are found in CM throughout lac-
tation, drinking milk will provide a “tool” for combating auto-
immune diseases by rehabilitating the immune system rather 
than is depression.

In conclusion, the results of the present study suggest that 
CM therapy over the course of 2 wk of therapy significantly 
improved clinical measurements of ASD severity (CARS 
score). Furthermore, there were significant decrease levels of 

serum of TARC among the study subjects examined. Overall, 
the CM therapy was well tolerated. It is suggested that future 
studies further explore  the biological basis for CM’s mode of 
action at the cellular level in those patients diagnosed with an 
ASD who would most benefit from CM therapy.

METHODS
Subjects
A total of 45 subjects diagnosed with ASD, aged from 2 to 12 y 
(40 males, 5 females), were recruited to the study. The study subjects 
have body weight between 12.8 kg and 42.6 kg. None of the study 
subjects had previously received CM therapy. None of the study sub-
jects had any change in therapy or treatment (including medications) 
within 1 mo prior to the study. Patients fulfilled the criteria for the 
diagnosis of autism according to the 4th edition of the Diagnostic and 
Statistical Manual of Mental Disorders (2). The study protocol received 
Institutional Review Board approval from King Khalid Hospital (King 
Saud University, Riyadh, Saudi Arabia). All parents signed a consent 
form and all received a copy.

Clinical Assessment
Autism Diagnostic Observation Schedule is a semistructured, stan-
dardized observational instrument to assess the social and commu-
nicative abilities of individuals with possible ASD. Items are scored 
from 0 (not abnormal) to 2 or 3 (most abnormal), and a diagnosis 
of autism or ASD is established if the individual assessed has scores 
higher than the established cut-off values in the communication 
domain, the social domain, and a sum of the two (40).

Clinical Measure
Childhood autism rating scale. Study participants were evalu-
ated using CARS test conducted only by a single child psychiatrist 
who observed the subjects and interviewed the parent(s) and was 
unaware as to the treatment status of the subject. The CARS test 
is a 15-item behavioral rating scale (relating to people, emotional 
response, imitation, body use, object use, listening response, fear 
or nervousness, verbal communication, nonverbal communication, 
activity level, consistency of intellectual response, adaptation to 
change, taste, touch and smell response, and general impressions) 
developed to identify autism as well as to quantitatively describe the 
severity of the disorder. The CARS test is a well-established measure 
of autism severity (41). The internal consistency reliability alpha 
coefficient is 0.94; the interrater reliability correlation coefficient is 
0.71; and the test-retest correlation coefficient is 0.88 (42). CARS 
scores have high criterion-related validity when compared to clini-
cal ratings during the same diagnostic sessions, with a significant 
correlation of 0.84 (42).

Lab Testing
Blood samples. After an overnight fasting, blood samples (3 ml) were 
collected from subjects in both groups in plain test tubes. Blood sam-
ples were allowed to clot and then centrifuged at 3,000 rpm to collect 
serum samples, which were stored frozen in a freezer at −80 °C until 
the time of analytical assays. The detail procedure has been described 
in our previous work (7,8,43)

Chemokine assay. Serum level of TARC was measured using a com-
mercially available sandwich enzyme immunoassay (ELISA) kit from 
CUSABIO BIOTECH (Wuhan, China).

Study Milk
CM (boiled or raw) was supplied in a liquid preparation. The placebo 
(cow milk) group was identical in appearance. The recommended 
childhood starting dose of 500 ml milk per day (half the total dose 
administered in the morning and half the total dose administered in 
the evening). Study subject–specific dosing instructions were placed 
on each liquid preparation provided to study subjects. Parents were 
asked to continue with the children’s daily routines. They were not 
allowed to add or remove any interventions such as diet plans, supple-
ments, or pharmacotherapies throughout the study period.
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Milk handling. Fresh CM was obtained from a trusted camel farm that 
ran regular routine veterinary checkups on the camels. After receiv-
ing the milk, microbiological screening tests were conducted on all 
milk batches to ensure that it was free of pathogens commonly found 
in raw CM (44). The pathological screenings were conducted to detect 
Campylobacter (KGaA, Darmstadt, Germany) Bacillus cereus entero-
toxin, E. coli O157:H7, Listeria, Salmonella by GLISA rapid testing using 
the kits Singlepath Campylobacter, Duopath Cereus Enterotoxin (EMD 
chemicals), Reveal E. coli O157:H7, Salmonella, Listeria (Neogen), and 
B. Brucella (Anigen). Any batch-tested positive for the mentioned patho-
gens was immediately excluded from the study. CM supplied to group I 
was pasteurized by heating to 65 °C for 15 s, then removed, cooled in a 
ice pot initially and then stored in the freezer at −80 °C. Milk supplied 
to group II was not heated to avoid losing beneficial nutrients and pro-
teins (45). Frozen milk was supplied to patients using bisphenol-A-free 
freezer bottles and thawed on countertops as needed.

Study Design
This was a randomized, double-blind, placebo-controlled study. The 
study was conducted between 2011 and 2012. The study subjects were 
recruited through community contacts. The study protocol called for 
36 subjects to receive CM (raw or boiled) and 18 study subjects to 
receive placebo (cow milk). A total of 54 subjects were recruited for 
the present study. Four subjects withdrew prior to randomization into 
CM or placebo groups. A total of 54 subjects were randomly assigned 
to receive CM (boiled or raw) or placebo, and of these, a total of 9 sub-
jects (4 in boiled, 2 in raw in CM group and 3 in the placebo group) 
withdrew prior to successful completion of 2 wk of therapy. Among 
the nine subjects withdrawing from the study prior to successful com-
pletion of 2 wk of therapy, four subjects withdrew because of adverse 
reactions (two in raw CM group, one in boiled CM group and 1 in the 
placebo group), three subjects did not comply with the study proto-
col, and two was lost to follow-up with no known adverse reaction. 
In addition, study investigators monitored study subjects to ensure 
compliance and to monitor for potential adverse reactions.

Prerandomization Phase
Study subjects were seen for an initial screening where study inves-
tigators obtained information regarding demographics, formal diag-
nosis, age at diagnosis, age of apparent onset, information regarding 
delay or regression, any current medical issues, medications, body-
weight, and allergies on each study subject. A baseline CARS evalua-
tion was performed by a child psychiatrist. In addition, blood samples 
were collected on each study subject at an autism research and treat-
ment center draw station.
Randomization Phase
Following the initial screening and collection of labs, all study sub-
jects started therapy within 30 d of baseline measurements. A study 
investigator, who did not perform any clinical measurements on study 
subjects, used a coin-flip to randomly assign study subjects to either 
the CM (raw or boiled) or placebo groups. Since there was a differ-
ence in sample size between the CM and placebo groups, the placebo 
group was filled with study subjects before the treatment group, so 
that the latter study subjects were all assigned to the CM group (raw 
or boiled). Study investigators in contact with the study subjects and 
the parents of study subjects were not informed of the treatment sta-
tus (CM/placebo) of each study participant until all study subjects 
had completed the trial, and hence the assignment (CM/placebo) 
strategy used should not have revealed any information regarding 
the treatment status of any study participant to study investigators in 
contact with study subjects and the parents of study subjects. For the 
duration of the trial, any concomitant use of drugs/supplements were 
not changed as far as possible.
Statistical Analysis
The results were analyzed using the commercially available software 
package Statview (Abacus concepts, Berkley, CA). The data are pre-
sented as the means ± SEM. The Mann–Whitney test was used for 
comparisons between data. The null hypothesis was that there would 
be no difference in the data distributions of the relative change in 
test results following 2 wk of treatment in comparison to baseline 
measurements between study subjects receiving CM (raw or boiled) 

in comparison to placebo (cow milk). In addition, the relation-
ship between the change in serum levels of TARC following 2 wk of 
treatment in comparison to his or her baseline measurements, and 
the changes in specific outcome measurements (CARS scores) 2 wk 
of treatment in comparison to his or her baseline measurements. 
Spearman’s rank correlation coefficient “r” was used to determine the 
relationship between variables. For all statistical tests performed in 
the present study, a two-tailed P value ≤0.05 was considered to be 
statistically significant.
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