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Abstract
Bombay blood group or Oh phenotype is a rare autosomal recessive phenotype within the ABO
blood grouping system. It occurs due to a mutation in the H gene that produces H antigen on
red blood cells (RBCs). Individuals with two mutant H genes lack H antigen on RBCs and have
anti-H antibodies in serum. At the time of blood grouping, this blood group mimics O blood
group but it shows incompatibility with O group blood during cross matching. Several studies
have reported an association of decreased von Willebrand factor (VWF) levels in plasma with
ABO blood groups. Here we report a case of a 19-year-old male, who was labelled as Bombay
phenotype and later found to have markedly reduced plasma VWF levels.
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Introduction
Bombay phenotype was first discovered by Dr. Bhende in Bombay, India and named accordingly
[1]. The H antigen is located on red blood cells and is the precursor compound of A and B
antigens. The A and B allele produce different transferase enzymes which add complex
carbohydrates to the H antigen, transforming it into A antigen and B antigen, respectively. In
individuals with blood group O there is no functional transferase enzyme to modify the H
antigen, therefore it remains unchanged. The h allele is a result of the mutation of the H
gene that expresses H antigen in the red blood cells. Individuals with Bombay phenotype
inherit the homozygous recessive (hh) genotype instead of the homozygous dominant (HH) or
heterozygous (Hh) genotypes of the ABO blood group. As the A and B antigens cannot be
formed without the H antigen precursor, their red blood cells also lack these antigens.
Consequently, these individuals produce anti-H, anti-A, and anti-B antibodies. Serum from
these individuals contain antibodies that react with red blood cells from all O, A, B, and AB
blood groups. It is of concern to note that people with Bombay phenotype can only be
transfused with red blood cells that lack the H, A, and B antigens, leaving room for either
autologous blood or blood from another Bombay blood group [2].

Here, we report a case where a patient with Bombay blood group presented with upper
gastrointestinal bleeding and severe anemia. Once his blood group was determined, donors
were reached and he received two successful blood transfusions of Bombay blood group. After
stabilizing the patient, he was discharged and follow-up investigations including serum von
Willebrand factor antigen, von Willebrand factor functional activity and factor VIII levels were
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ordered. He was consequently labelled as type 3 von Willebrand disease. This case report
emphasizes the significance of both forward (cell) typing and reverse (serum) typing during
ABO blood grouping in blood banks.

Case Presentation
A 19-year-old male presented in the emergency department with one episode of melena per
day, for one week. It was associated with vomiting, shortness of breath and palpitations. His
hemoglobin level on initial complete blood count was 5.80 g/dL, signifying severe anemia
according to WHO guidelines [3]. His lab parameters on admission are presented in Table 1.
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Test Result Normal Reference Range

Hemoglobin 5.80 g/dL 13.5-18.0 g/dL 

RBC total 2.02 m/μL 4.5-6.5 m/μL

WBC total 13900/μL 4000-10500/μL

Platelet count 474000/μL 150000-400000/μL

Prothrombin time 10.40 sec 9.5-11.7 sec

INR 1.0 0.8-1.3

APTT 48.60 sec 24.8-36.2 sec

Fibrinogen level 171.1 mg/dL 199-463 mg/dL

Factor VIII 18.5% 75-216%

SGOT (AST) 27 U/L 5-34 U/L

SGPT (ALT) 24 U/L 0-55 U/L

Alkaline phosphatase 81 U/L 40-150 U/L

Total bilirubin 0.22 mg/dL 0.2-12 mg/dL

Direct bilirubin 0.102 mg/dL 0.0-0.5 mg/dL

Gamma-glutamyl transferase 22 U/L 12-64 U/L

C-reactive protein 0.78 mg/L Up to 5.0 mg/L

Serum sodium 141 mEq/L 136-145 mEq/L

Serum potassium 3.4 mEq/L 3.5-5.1 mEq/L

Serum chloride 105 mEq/L 98-107 mEq/L

Serum bicarbonate 24 mEq/L 22-29 mEq/L

Serum glucose(random) 133 mg/dL <200 mg/dL

Blood urea nitrogen 4.0 mg/dL 8.9-20.6 mg/dL

Serum creatinine 0.8 mg/dL 0.72-1.25 mg/dL

TABLE 1: Laboratory investigations on admission.
RBC: Red blood cell; WBC: White blood cell; INR: International normalised ratio; APTT: Activated partial thromboplastin time; SGOT
(AST): Serum glutamic oxaloacetic transaminase (Aspartate aminotransferase); SGPT (ALT): Serum glutamic pyruvic transaminase
(Alanine aminotransferase).

Immediately packed red blood cells (RBCs) were requested from the blood bank. On forward
typing his blood group was labeled as O positive and his serum showed strongly positive
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indirect Coomb’s test with a negative direct Coomb’s. On extended 11 cell panel antibody
testing, his serum demonstrated pan-agglutination which matched with monoclonal panel
cells having anti-Kell, anti-Lub, and anti-Kpb antibodies. On cross match with four O negative
and four O positive packed RBCs, +4 incompatibility was seen with all. Meanwhile a detailed
history of the patient revealed two distinct episodes of epistaxis in childhood and a family
history of his paternal grandmother having an increased bleeding tendency. In view of his past
history of fresh frozen plasma infusions, it was interpreted that the patient may have multiple
alloantibodies in blood leading to gross incompatibility. Considering the urgency of the
situation, one unit of the least incompatible (O negative) packed RBCs was issued after washing
with normal saline thrice, to the emergency department. Transfusion was started under strict
monitoring by the emergency department physicians. After slow transfusion of around 10 ml
blood, the patient started shivering and his temperature spiked to 101°F with tachycardia and
hypotension. The transfusion was stopped immediately and the patient was given intravenous
antihistamine and hydrocortisone. Meanwhile, he was transferred to the intensive care unit
(ICU) where he received intranasal desmopressin and intravenous factor VIII.

Transfusion reaction workup revealed a grade 4+ pan agglutination in his serum. During repeat
blood grouping, forward typing did not demonstrate any reaction to anti-A and anti-B antisera,
like a normal O blood group. However, on reverse typing, his serum showed strong
agglutination with group O pooled control cells. His post saline wash incompatibility with O
negative red cell concentrate showed minor difference from grade +4 agglutination (pre-wash)
to grade +3 clumping (post-wash). A fresh RBCs sample from the patient showed negative direct
Coomb’s test, while fresh serum sample remained positive for indirect Coomb’s test. This
workup strongly raised the suspicion of Bombay phenotype and his red cells were tested with
anti-H lectin, which showed no agglutination. This confirmed his blood group as Bombay
phenotype. The reactions observed with Bombay phenotype compared to other blood groups,
on forward and reverse typing, are illustrated in Table 2.

Blood group Anti-A antibodies Anti-B antibodies Anti-A,B antibodies A1 cells B cells O cells

A + - + - + - 

B - + + + - - 

AB + + + - - - 

O - - - + + - 

Bombay phenotype - - - + + + 

TABLE 2: Forward and reverse grouping with different blood groups.
(+) = Agglutination, (-) = No reaction

Immediately, voluntary donor pools were contacted in blood banks throughout the country.
Overnight, a donor with Bombay negative blood group was arranged from Karachi. The packed
RBCs were airlifted to Islamabad maintaining the cold chain. After crossmatching with
recipient’s blood showed no reaction, the donor blood was transfused to the patient.
Meanwhile, a distant relative of the patient from a nearby city, with Bombay positive blood
group, consented to donate blood at our blood bank. Two days later, another unit of packed
RBCs was transfused to the patient. His hemoglobin after two transfusions rose up to 7.40 g/dL.
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As his melena settled down on supportive therapy, an endoscopy was performed that suggested
an underlying hiatal hernia. After surgical consultation, the patient was advised to reduce
weight and discharged from the hospital, with a scheduled follow-up visit.

In view of the patient’s past medical history and family history, during the follow-up visit, a
von Willebrand factor antigen, von Willebrand factor functional activity and factor VIII levels
were ordered. His von Willebrand factor antigen level was <2.0%, von Willebrand
factor functional activity was <4.0% and factor VIII level was 18.5%, consistent with type 3 von
Willebrand disease. The patient and his family were counselled accordingly and referred to the
hematology clinic.

Discussion
The prevalence of Bombay phenotype is 1:10,000 in India however it is much less prevalent in
the Caucasians with an incidence of 1:250,000 [4]. A study amongst an urban population in
Puducherry, India demonstrated that 0.008% population had Bombay blood group and it was
strongly associated with consanguineous marriage (66.66%) [5]. This prompts for pre-marital
blood phenotyping for all individuals and discouragement of marriage amongst individuals
carrying the h allele.

Another descriptive study spanning over a period of six years (2012–2017) comprising 36,964
blood donors at a blood bank in Bangalore, showed a prevalence of 0.005% of Bombay
phenotype [6]. There has not been enough documentation of reported cases of Bombay
phenotype in Pakistan. Some sporadic cases have been reported in the past, but there is a need
to maintain a separate record of Bombay phenotype individuals in all leading blood banks
across the country. Since this blood group is passed to offspring, one way to trace Bombay
individuals is to perform thorough screening of family members and relatives of a known case.
Once labelled as having Bombay blood group, these individuals should be motivated to become
voluntary donors and register themselves with reference regional donation centers. Blood from
Bombay blood group should only be reserved for patients with the Bombay blood group
phenotype as it is extremely rare.

In the event of a surgery, where blood loss is suspected and no Bombay phenotype blood is
available, acute normovolemic hemodilution may be employed. This involves removal of blood
from a patient after induction of anesthesia while maintaining normovolemia with crystalloids
or colloids. The blood collected is stored at room temperature in the operating room and is
infused back to the patient within eight hours of collection, allowing platelets and coagulation
factors to remain functional [7]. Other options may include cryopreservation of blood donated
by Bombay individuals.

As individuals with Bombay phenotype are often misdiagnosed as O blood group on forward
typing and reverse typing is not routinely performed in some blood banks, these individuals
may be transfused with O blood group in an emergency situation. This may lead to an acute
hemolytic transfusion reaction. This can be avoided by providing these patients with wrist
bands or a rare blood group card, identifying their blood group. These individuals also require
comprehensive counselling, emphasizing the rarity of their blood group and the need to
develop a careful behaviour to avoid episodes of bleeding in the future. The importance of
counselling is paramount in females where the need for blood transfusion may arise in the
setting of child birth.

Von Willebrand disease (VWD) is caused by mutations that lead to an impairment in the
synthesis or function of von Willebrand factor (VWF). The disease can also be acquired due to
various pathophysiologic defects. It is classified as quantitative defect (type 1 and type 3) or
qualitative defect (type 2). Type 2 is further subdivided into type 2A, 2B, 2M, and 2N [8]. A
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study observed a significant effect of ABO blood group on plasma von Willebrand antigen
(VWF:Ag) levels. It demonstrated that VWF:Ag levels in patients with Bombay blood group
(median VWF:Ag = 0.69 IU/dL) were significantly lower than in groups AB, A, or B. It further
established that VWF:Ag levels in Bombay blood group individuals were even lower than in
group O individuals (median VWF:Ag = 0.82 IU/dL), however this difference was statistically
not significant [9]. Various other reports [10, 11] confirm that plasma VWF:Ag concentration is
significantly influenced by the ABO blood group. In this case report too, laboratory
investigations on follow-up visit demonstrated a markedly low VWF antigen level in the
patient. Therefore, in dealing with a patient of Bombay blood group presenting with a history
of bleeding diathesis, the suspicion of von Willebrand disease should be kept high.

Conclusions
Bombay phenotype is one of the rarest ABO blood groups which often leads to a delayed
diagnosis. It is important to perform both forward and reverse blood grouping routinely in all
first time O blood group labelled patients. Once identified, these individuals should carry a
form of identification of their blood group at all times. Meanwhile, their family members
should be screened for Bombay phenotype and affected individuals should be counseled to
become voluntary donors. Blood banks also need to create a rare group registry for prompt
response in the wake of any emergency situation.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All
authors have declared that there are no other relationships or activities that could appear to
have influenced the submitted work.

References
1. Bhende YM, Deshpande CK, Bhatia HM, Sanger R, Race RR, Morgan WT, Watkins WM: A

“new” blood group character related to the ABO system. Lancet. 1952, 1:903-904.
2. Shahshahani HJ, Vahidfar MR, Khodaie SA: Transfusion reaction in a case with the rare

Bombay blood group. Asian J Transfus Sci. 2013, 7:86-87. 10.4103/0973-6247.106754
3. Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity . (2018).

Accessed: September 22, 2018: http://www.who.int/vmnis/indicators/haemoglobin.pdf.
4. Dipta TF, Hossain AZ: The Bombay blood group: are we out of risk? . Mymensingh Med J. 2011,

20:536-540.
5. Mallick S, Kotasthane DS, Chowdhury PS, Sarkar S: Bombay blood group: is prevalence

decreasing with urbanization and the decreasing rate of consanguineous marriage. Asian J
Transfus Sci. 2015, 9:129-132. 10.4103/0973-6247.162695

6. Periyavan S, Sangeetha SK, Marimuthu P, Manjunath BK, Seema DM: Distribution of ABO and
Rhesus-D blood groups in and around Bangalore. Asian J Transfus Sci. 2010, 4:41.
10.4103/0973-6247.59391

7. Shrivastava M, Navaid S, Peethambarakshan A, Agrawal K, Khan A: Detection of rare blood
group, Bombay (Oh) phenotype patients and management by acute normovolemic
hemodilution. Asian J Transfus Sci. 2015, 9:74-77. 10.4103/0973-6247.150957

8. Castaman G, Linari S: Diagnosis and treatment of von Willebrand disease and rare bleeding
disorders. J Clin Med. 2017, 6:45. 10.3390/jcm6040045

9. O'Donnell JS, McKinnon TA, Crawley JT, Lane DA, Laffan MA: Bombay phenotype is associated

2018 Awan et al. Cureus 10(10): e3488. DOI 10.7759/cureus.3488 6 of 7

https://www.ncbi.nlm.nih.gov/pubmed/14918471
https://dx.doi.org/10.4103/0973-6247.106754
https://dx.doi.org/10.4103/0973-6247.106754
http://www.who.int/vmnis/indicators/haemoglobin.pdf
http://www.who.int/vmnis/indicators/haemoglobin.pdf
https://www.ncbi.nlm.nih.gov/pubmed/21804525
https://dx.doi.org/10.4103/0973-6247.162695
https://dx.doi.org/10.4103/0973-6247.162695
https://dx.doi.org/10.4103/0973-6247.59391
https://dx.doi.org/10.4103/0973-6247.59391
https://dx.doi.org/10.4103/0973-6247.150957
https://dx.doi.org/10.4103/0973-6247.150957
https://dx.doi.org/10.3390/jcm6040045
https://dx.doi.org/10.3390/jcm6040045
https://dx.doi.org/10.1182/blood-2005-02-0792


with reduced plasma-VWF levels and an increased susceptibility to ADAMTS13 proteolysis.
Blood. 2005, 106:1988-1991. 10.1182/blood-2005-02-0792

10. Gill JC, Endres-Brooks J, Bauer PJ, Marks WJ, Montgomery RR: The effect of ABO blood group
on the diagnosis of von Willebrand disease. Blood. 1987, 69:1691-1695.

11. Shima M, Fujimura Y, Nishiyama T, et al.: ABO blood group genotype and plasma von
Willebrand factor in normal individuals. Vox Sang. 1995, 68:236-240.

2018 Awan et al. Cureus 10(10): e3488. DOI 10.7759/cureus.3488 7 of 7

https://dx.doi.org/10.1182/blood-2005-02-0792
https://www.ncbi.nlm.nih.gov/pubmed/3495304
https://www.ncbi.nlm.nih.gov/pubmed/7660643

	Blood Diathesis in a Patient of Rare Blood Group ‘Bombay Phenotype’
	Abstract
	Introduction
	Case Presentation
	TABLE 1: Laboratory investigations on admission.
	TABLE 2: Forward and reverse grouping with different blood groups.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


