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Abstract

Objective: To examine the correlation of lactase persistence 
phenotype with genotype in Omani adults.
Methods: Lactase persistence phenotype was tested by hydrogen 
breath test in 52 Omani Adults using the Micro H2 analyzer. Results 
were checked against genotyping using direct DNA sequencing.
Results: Forty one individuals with C/C-13910 and T/T-13915 
genotypes had positive breath tests (≥20 ppm); while eight of nine 
individuals with T/C-13910 or T/G-13915 genotypes had negative 
breath tests (<20 ppm) and two subjects were non-hydrogen 
producers. The agreement between phenotype and genotype using 
Kappa value was very good (0.93).
Conclusion: Genotyping both T/C-13910 and T/G-13915 alleles 
can be used to assist diagnosis and predict lactose intolerance in the 
Omani population.
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Introduction

Lactose, the principle sugar in milk is a disaccharide, hydrolyzed 
by intestinal lactase (EC3.2.1.23/26) into glucose and galactose, 
which are absorbed directly by diffusion in the intestine. The decline 
of lactase expression in intestinal microvilli after weaning is a 
normal phenomenon in mammals known as lactase non-persistence 
(LNP).1 In adults, the activity of lactase is low and lactose cannot 
be hydrolyzed, resulting in malabsorption. Lactose malabsorption 
(LM) is defined as a failure of the mechanisms of absorption of 
lactose that can be shown by laboratory tests. The term lactose 
intolerance (LI) is used for a clinical entity, describing symptomatic 
lactose malabsorption such as bloating, flatulence, abdominal pain 
and diarrhoea.2,3

There are various methods used to assess the absorption of 
lactose in the digestive system such as the lactose tolerance test, 
lactose hydrogen breath test (LHBT), stool acidity tests and 
intestinal biopsy. Among these methods, LHBT is the test of choice 

because it is non-invasive and has good sensitivity and specificity. 
In adults with LI, bacterial microflora ferments lactose and releases 
hydrogen, methane and different amino acids.4 The H2 diffuses into 
the blood circulation and is exhaled by the lung.5 LHBT is based 
on measuring the level of H2 production after ingesting lactose. It 
serves as one of the reliable methods for diagnosing LM and LI.6-8

In humans, the lactase gene (LPH or LCT) is located on 
chromosome 2q21. It comprises 17 exons and covers approximately 
49 kb. Investigation of the lactase activity showed that several single 
nucleotide polymorphisms [SNPs] (C/G-13907, C/T-13910, 
T/C-13913, G/A-13914, T/G-13915, G/C-14010) within the 
MCM6 gene act upstream of the lactase gene, allowing lactase gene 
expression and maintain lactase activity in adults. These SNPs have 
strong association with lactase persistence in different populations. 
Individuals with one of the above mentioned SNPs, usually 
maintain high to normal activity of lactase throughout their adult 
lives, a condition known as lactase persistence (LP).9 In Arabs of 
Oman, Yemen and Saudi Arabia, the G-13915 is the most common 
LP-associated allele in contrast to the T-13910 in Caucasians.10-16

The aim of the present study was to investigate the phenotype-
genotype correlation of lactase persistence in Omani adults. The 
LHBT was used for phenotyping; while direct DNA sequencing 
was used for genotyping.

Methods

This study was conducted at Sultan Qaboos University, Muscat, 
Oman from January 2008- February 2009. The protocol was 
reviewed and approved by the Medical Research and Ethics 
Committee at the College of Medicine. All subjects signed a 
written informed consent for participation into the study. Fifty-two 
university students and staff (31 males, 21 females) from different 
regions of the Sultanate of Oman volunteered for the study with a 
mean age ± SD of 25 ± 5.4 years, ranging from 19-42 years.

For the Lactose Hydrogen Breath Test (LHBT), participants 
were instructed to fast overnight for at least 10 hours before the 
LHBT. The test was performed after oral ingestion of 50 g lactose 
diluted in 250 ml of water. Breath H2 excretion was measured in 
parts per million (ppm) using a Micro H2 Analyzer (Micro Medical 
Limited, Chatman, UK) which detects hydrogen concentrations in 
the range of 0-500 ppm. The measurements were taken at baseline 
and every 30 minutes after the ingestion of lactose over a period of 180 



Oman Medical Specialty Board

Oman Medical Journal (2013) Vol. 28, No. 5:341-344

minutes. The LHBT is considered positive (lactose malabsorption) 
when H2 excretion is higher than 20 ppm above the baseline or 
nadir level.17 In addition, the occurrence of gastrointestinal (GI) 
symptoms such as abdominal pain, bloating, diarrhoea, flatulence 
and gases during or after the test was documented.

For Genotyping, DNA was isolated from blood samples of the 
volunteers by phenol-chloroform extraction. A DNA fragment 
(383bp) in the MCM6 gene spanning the C/T-13910 SNP in 
Intron 13 was amplified according to Ingram et al.14 with modified 
primers: (LAC13F: 5`-GAATGCTCATACGACCATGGAA-3` 
and LAC13R: 5`-CTGCTTTGGTTGAAGCGAAG-3`), 
(Metabion, Martinsried, Germany). Polymerase chain reaction 
(PCR) amplification was carried out in a 20 µL volume with genomic 
DNA (100 ng), primers (20 ng each), dNTPs (200 µM) and 0.5 
U of Taq polymerase in a standard buffer (Applied Biosystems, NY, 
USA). The PCR cycle conditions were as follows: an initial round 
of denaturation at 94ºC, then 35 cycles at 94ºC for 30 seconds, 
58ºC for 30 seconds, 72ºC for 75 seconds, and a final extension of 
72ºC for 10 minutes.

The amplicon (PCR product) was purified by ExoSAP (Applied 
Biosystems, Ohio, USA) and the sequencing reaction was performed 
using the Big Dye terminator (version 1.1). The products were then 
loaded into ABIPrizm 3100 genetic analyzer (Applied Biosystems, CA, 
USA).

The chromatograms of genetic analysis were read using 
Lasergene 7.0 software. Data were statistically analyzed using the 
SPSS software, version 19.0. The agreement between LHBT and 
molecular analysis was assessed. Specificity, sensitivity, accuracy and 
predictive value of genotyping versus phenotyping were estimated; 
while, the kappa coefficient (95% CI), was determined with the level 
of significance set at 5%.

Results

Of the 52 participants, 42 (81%) had positive LHBT and were 
considered LM. Of those, 32 (78%) had gastro-intestinal (GI) 
symptoms (Fig. 1). Negative tests were observed in 8 (15%) 
individuals, three of whom had GI symptoms, while two (4%) 
individuals were defined as non-hydrogen producers but also had 
symptoms.

Figure 1: Schematic flow chart of Omani participants showing 
results of LHBT, genotypes, and GI symptoms.

Participants

n=52

(31M, 21F)

Non-H2 producers 0 ppm
n=2

(2 CC-TG)
(2 symptomatic)

Positive HBT (>20 ppm)
n=42

(41 CC-TT & 1 CC-TG)
(32 symptomatic)

Negative HBT (<20 ppm)
n=8

(3 TC-TT & 5 CC-TG)
(1 symptomatic)

Only two lactase associated SNPs, the T-13910 and the 
G-13915 were detected among Omani people. All the 42 (100%) 
individuals genotyped with the CC-13910 and TT-13915 had 
positive LHBT and 30 (73%) of them developed GI symptoms. All 
the three individuals with T/C-13910 and seven out of the eight 
genotyped as T/G-13915, had negative LHBT (Table 1). Three 
participants (one carried T-13910 and two G-13915) out of the ten 
with LP-alleles had GI symptoms. There was a highly significant 
difference (p<0.001) in the average hydrogen levels between the 
lactose malabsorbers-group (genotyped as wild type) and the 
absorbers with mutated genotype (either T-13910 or G-13915). 
(Fig. 2)

Figure 2: Lactose Hydrogen Breath Test among the three genotyped 
groups.

Table 1: Association of genotypes (CT-13910 & TG-13915) with 
LHBT results among Omani participants.

Genotype

LHBT
LP-Alleles

(CT-13910 / 
TG-13915)

LNP
(CC-13910 

&TT-13915)
Tota l Phenotype

Positive
(42)

1 (TG) 31 32
Symptomatic

(LI)

0 10 10
Asymptomatic

(LT)

Negative
(8)

1 (CT) 0 1
Symptomatic

(LI)

7 (2CT&5TG) 0 7
Asymptomatic

(LT)

NHP 2 (TG) 0 2
Symptomatic

(LI)
TOTAL 11 41 52

LP: Lactase Persistence, LNP: Lactase Non-Persistence, LHBT: Lactose 
Hydrogen Breath Test, NHP: Non Hydrogen Producers.

The results revealed significant agreement between the C/T-
13910 (Indo-Asian and Caucasian allele) and the T/G-13915 
(Arab-specific allele) genotype with LHBT (Kappa index 0.9). 
Individuals with either T-13910 or G-13915 allele (lactase 
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persistence) had significantly lower breath H2 peak (Average: 8 
and 10 ppm, respectively) compared to the C/C-13910 and T/T-
13915 (Average: 121 ppm). All the 9 lactose absorbers (H2 <20 
ppm), had either G-13915 or T-13910. In contrast, among those 
42 participants diagnosed as lactose malabsorbers, (H2 ≥20 ppm), 
41 were homozygous C/C-13910 and T/T-13915. However, a 21 
year-old female participant who carried the T/G-13915 variant had 
a positive LHBT (37 ppm) and did not develop symptoms during 
the test. We did not investigate whether she had any secondary GI 
disorder or disease that might have explained this anomaly.

Using the LHBT as a standard method, genotyping exhibited 
100% sensitivity, 89% specificity, 98% accuracy, 98% positive 
predictive value and 100% negative predictive value in the tested 
adult population when both SNPs were tested. (Table 2)

Table 2: LHBT in comparison with CT-13910 and TG-13915 
genotypes (singly and both).

n=50 CT-13910 TG-13915 BOTH
TP 41 CC 40 TT 41CC-TT
TN 3 TC 6 TG 8TC&TG
FP 0 1 TG 1 TG
FN 6 TG 3 TC 0
TP+FN 47 43 41
TN+FP 3 7 9
TP+FP 41 41 42
TN+FN 9 9 8
Sensitivity(%) 87 93 100
Specificity(%) 100 85 89
Accuracy (%) 88 91 98
PPV (%) 100 98 98
NPV(%) 33 67 100

FP: False positive; FN: false negative; TP: True positive; TN: True negative; 
PPV: Positive predictive value; NPV: Negative predictive value

Discussion

From the study findings and from other studies, it is apparent 
to us and other investigators that GI symptoms are not always a 
complete indicator of lactose intolerance.18,19 Only 32/42 (76%) 
of malabsorbers (positive LHBT) reported symptoms, while 
1/8 (13%) of lactose absorbers (negative LHBT) also reported 
symptoms (Fig. 1). In other words, not all lactose malabsorbers are 
lactose intolerant. This cannot be fully explained. In many cases, 
adaptation associated with different types of intestinal microflora or 
other secondary causes may explain the discordance.

Identification of LP polymorphisms is complementary to LHBT 
and adds value to screening, diagnosis and management of LI. In 
this study, several mutations and/or variants (C/G-13907, C/T-
13910, T/C-13913, T/G-13915, G/C-14010, G/A-22018, and 
T/C-3712) were evaluated and tested against lactase persistence. 
Of these SNPs, only two (C/T-13910 and T/G-13915) seemed 
to be associated with lactase persistence among Omani individuals.

The correlation and different patterns of LHBT have been 
investigated extensively for the C/T-13910 polymorphism.20-24 
However, there is only one study in the literature where two subjects 
carrying the T/G-13915 had hydrogen levels <20 ppm which is in 
concordance with our results.24 Specificity, Sensitivity, accuracy, 
positive and negative predictive values improved when both SNPs 
(C/T-13910 and T/G-13915) were genotyped reaching 100, 89, 98, 
98 and 100%; respectively in this study. When one SNP is tested in 
mixed populations, misdiagnosis (false negatives) seems to increase. 
Secondary causes of hypolactasia should also be excluded, if the 
genotype is not in concordance with LHBT, in order to complete 
the diagnosis of lactose intolerance. It is important to stress here 
that neither C/T-13910 nor G/T-13915 alone can explain the 
pattern of LI among Omanis.

Conclusion

The highest degree of sensitivity, specificity, accuracy and predictive 
values for diagnosing LP can only be achieved when all SNPs 
associated with it are investigated, especially in ethnically mixed 
populations (i.e., at least both C/T-13910 and G/T-13915 must 
be tested in an Omani population). Genotyping by itself can only be 
used as a complementary test, with LHBT as a primary test for LI, 
especially in adults. However, genotyping can be used as a screening 
and even as a predictive tool among children.
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