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Varied distribution of RhD epitopes in the Indian population

S. S. KULKARNI, S. C. GUPTE, K. VASANTHA, D. MOHANTY, K. GHOSH

ABSTRACT

Background. Inhabitedbymore than 4000 caste and tribal
groups, Indiahasanextremelyheterogenous population. For
thousands of yearsmany tribal groups have practised endogamy
ardarepractical lygeneticallyisolated. Traditiomally, polyclonal
anti-D reagent has been used for RhD typing; though
monoclonal antibodies are increasingly beingused. As a
result, bloodbanks findit difficult toassigntheRnDstatusto
an increasing number of people. Asmonoclonal anti-Dtyping
reagentsmay not detect all RhDantigenepitopes, we studied
the RhDantigenepitopeheterogeneity indifferent population
groups inIndia.

Methods. Red cells of 5315 RhD—positive individuals
belongingtodifferent castes andtribesof Indiawere tested
with30different epitope—specificmonoclonal anti-Dantibodies.

Results. No singlemonoclonal antibody coulddetect all
RhD—positiveredcellsdetectedbypolyclonal antisera. The
highest proportion of D antigen was detected by LHM 76/55
and BRAD-8 (98%) monoclonal antibodies.

Conclusion. We need to determine the correct mix of
monoclonal antibodies that will detect nearlyall RnDantigens
detectedbypolyclonal anti-Dsera. Similarly, beforeaccepting
monoclonal anti-D for therapeuticuse, it wouldbe necessary
todetermine the appropriate ones for use in the Indian

population.
NatlMedJ India 2007;20:169-71

INTRODUCTION

The Rh antigen varies quantitatively and qualitatively.! It has
been recognized that the D antigen is not a single entity but made
up of antigenic determinants.? Red cells of rare D-positive people
who lack part of the D mosaic are called partial D variants.! If
exposed to the appropriate red cells these individuals can produce
antibodies against the missing part of their D antigen. RhD antigen
status is usually determined by testing with either polyclonal or
monoclonal anti-D. The advent of human monoclonal anti-D with
a unique specificity led to the concept of epitopes.> Monoclonal
antibodies (MAbs) provide unlimited supplies of reagents of
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identical specificity which are ideal for definition of partial D
antigen.

Since the time MAb reagents became available in the Indian
market, blood banks have been encountering more cases with
doubtful RhD status. We have also observed an increasing number
of cases referred to us for confirmation of the RhD group. It is
possibile that the reagents produced in western countries may not
be suitable for India as D antigen is genetically controlled and
major variations may exist in the D antigen profile of Caucasians
and Indians.* The incidence of different partial D variants in our
population is at variance from what has been reported from
western countries.>® Major differences between D variants in
western and African populations have also been reported.’

The administration of prophylactic anti-D immunoglobulin to
RhD-negative women after delivery of an RhD-positive infant has
been successful in reducing the incidence of Rh alloimmuni-
zation.'®!! Trials using monoclonal anti-D prophylaxis are ongoing
in western countries.'>’* Would these be suitable for anti-D
immunoglobulin prophylaxis in the Indian population as the
profile of D antigen epitopes can vary from population to
population. The Indian population is extremely heterogenous and
is distributed among no less than 4000 castes and tribes. These
castes and tribes are still largely genetically isolated because of
the practice of endogamy for thousands of years. Hence, it is
expected that the RhD epitopes may be distributed differentially
among different caste or tribal groups. Due to these variations, we
felt a need to study the D antigen epitope in an Indian population.
It is vital for the safe and efficient practice of transfusion that Rh
typing reagents used in India are reliable and suitable for our
population.

Different epitope-specific monoclonal anti-D produced in
other countries (UK, Germany, France, USA and Japan) were
evaluated for reactivity with our population. Some of these MAbs
are available commercially as RhD typing reagents. We studied
100 samples each from different castes and communities, as a
representative sample of the population to detect the presence or
absence of reactivity with MAb.

METHODS

Thirty MAbs, 27 of IgG type and 3 of IgM type were used. LHM
76/55,LHM 77/64,LHM 70/45, LHM 76/58, LHM 169/80, LHM
76/59, LHM 174/102, LHM 59/19, LHM 59/20, LHM 50/3.7 and
ESD-1 were obtained from Dr Robin Fraser, Scottish National
Blood Transfusion Service; OSK-3, OSK 3-1, OSK 3-3 from
OsakaRed Cross Blood Center, Japan; BRAD-1,BRAD-2, BRAD-
3, BRAD-4, BRAD-5, BRAD-6, BRAD-7, BRAD-8, H 27, 2B6,
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RUM-1 and ABS5 from the International Blood Group Reference
Laboratory (IBGRL), UK; AR and Co88 from Centre Regional de
Transfusion, France; and GLR-02 and SF11D8 from Stanford
University Medical Center, USA.

Blood samples of different Indian castes, communities and
tribal groups were obtained largely from among the 14 million
population of Mumbai city and were screened with 30 monoclonal
anti-D culture supernatants. The samples collected were from
various camps organized by our institution, blood banks and the
antenatal outpatient department. All cells were tested with standard
polyclonal anti-D antibody using standard techniques'* and the
Rh-positive samples were tested with a battery of 30 epitope-
specific MAbs. To one volume of papainized red cells, one
volume of MADb was added, mixed well in micro tubes and
incubated for 45 minutes at 37 °C for IgG MADb. For IgM MAD,
one volume of 2% red cells suspension was added to MAb and
kept for 45 minutes at room temperature (22 °C). The tubes were
then centrifuged at 1000 rpm for a minute and the results recorded.

RESULTS

Blood samples of 5315 RhD-positive subjects of different castes
and communities were screened using a panel of 30 epitope-
specific MAbs. A negative reaction with any monoclonal anti-D
wasrepeated and if consistent was considered as an absence of that
particular epitope. A negative reaction with 1 to 8 monoclonal
anti-D was observed in 1339 samples (25.2%), of which 70
(5.22%) samples gave negative results with 5-8 MAbs. The
communities which predominantly showed a negative reaction
with some monoclonal anti-D were Bhandari (55%), Vatalia
Prajapati (70%), Halai Lohana (38%), Hindu Mahadeo Koli
(51.5%), Thakar (70%), Halai Memon (75%), Protestant Christians
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FiG 1. Percentage of population positive with epitope-specific
monoclonal anti-D. None of the monoclonal antibodies reacted
with all RhD-positive individuals tested in the study. The
negative reaction rate of BRAD-7, H 27 and BRAD-8 was less
than that for other monoclonal antibodies.
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(40%) and Parsees (41.6%). A positive reaction with all monoclonal
anti-D was obtained in 30%-92.5% of samples. In Vaishnavi,
Boudha, Kshatriya and Sanchor Jain Samaj communities, about
90% of subjects showed a positive reaction with MADb.

Thirty-six per cent and 41.7% of blood samples from Parsee
and Christian communities, respectively, showed a negative
reaction with MAb. Boudha community had the lowest incidence
of negativereaction with MAb. BRAD-3, BRAD-7,H27,SF11D8
and LHM 59/20 frequently had a negative reaction in the Parsee
community while BRAD-4, BRAD-8, H 27, GLR-02, AR and
LHM 77/64 frequently had a negative reaction in the Christian
community. The negative reaction with some MAbs was more
frequently seen in tribal groups (34.65%) compared with non-
tribal subjects (23.61%) indicating the absence of these epitopes
in tribal populations. Chi-square test revealed there was significant
difference between these two populations (p<0.001). Among the
tribals, a negative reaction with MAb was more prominently seen
in the Hindu Mahadeo Koli and Thakar communities.

The reactivity of the 30 epitope-specific MAb panel in RhD-
positive Indian population is shown in Fig. 1. The positive
reaction rate of BRAD-3, BRAD-7 and H 27 was lower than that
for other MAbs. None of the MAbs had a 100% positive reaction
in all blood samples. BRAD-1, BRAD-6, BRAD-§, 2B6, LHM
70/45, LHM 76/55, LHM 50/3.7 and LHM 59/19.5 showed a
97%—-98% positive reaction rate.

Figure 2 shows the percentage of negative reactions with MAb
among subjects with absence of reactivity to 5-8 monoclonal anti-
D more frequently. The negative reactions were more often seen
in the Vatalia Prajapati, Hindu Mahadeo Koli and Halai Memon
communities.

DISCUSSION

Our study is likely to be beneficial in choosing an appropriate
prophylactic monoclonal anti-D for antenatal patients in India.
The screening of samples with 30 epitope-specific MAbsrevealed
that none of the culture supernatants reacted with all the RhD-
positive red cells. This shows that no single monoclonal anti-D
would give correct results in the whole population. Some MAbs
suchas BRAD-1, BRAD-6, BRAD-8,2B6, LHM76/55, LHM 50/
3.7,LHM 59/19.15 and LHM 70/45 showed 97%—-98% reactivity
with RhD-positive individuals. A blend of few of these MAbs
might be able to detect all RhD-positive Indians but this will
require further studies in different population groups. Of a total of
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FiG 2. Percentage negativity with 5-8 epitope-specific
monoclonal anti-D in selected communities. The negative
reaction with monoclonal antibodies was more frequently
seen in Vatalia Prajapati and Halai Memon communities.
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5315 subjects tested, 74.8% showed a positive reaction with all
MADbs. A negative reaction with 1 to 8 MAbs was seen in 25.2%
of subjects.

AsIndiahas enormous genetic, cultural and linguistic diversity,
our population is ideal for genetic studies. We included various
castes, tribes and communities among our sample. There was
variation in reactivity with MAbs in various communities. The
communities, which predominantly showed negative reactions
with MAbs were Bhandari, Vatalia Prajapati, Halai Memon,
Protestant Christians and Parsees. Analysis of subjects of different
religions such as Parsees and Christians showed anegative reaction
with MAbs more frequently. Both the communities are known to
have a higher incidence (15%—17%) of RhD-negative group." If
MADbs of different epitope specificities used in our study are
employed as reagents to test the blood samples of the above
communities, more discrepant results will be obtained. As more
than 90% of samples of the remaining communities showed
appropriate results, there would be comparatively less problem if
these MAbs are selected as reagents. The percentage of subjects
showing positive reactivity with BRAD-1, BRAD-7 and H 27
anti-D was less compared with other MAbs used in our study.
Only 15 of 30 MAbs showed >95% positive reaction with Rh-
positive subjects in our study population. Hence, our study shows
that if these MAbs are used as reagents for testing in the Indian
population more discrepancies in D typing will be observed.

Itis believed that tribal people who constitute about 8% of the
total population are the original inhabitants of India.'® The reactivity
of D antigen with MAbs was also studied in some tribal groups and
compared with data from non-tribal groups. A negative reaction
with MAbs was found more frequently in the tribal population
than in non-tribals (p<0.001). The endogamous nature of tribal
groups may explain this observation as other genetic markers also
show significant difference in prevalence in the tribal groups."’

Trials have been done in UK using BRAD-3 and BRAD-5 as
anti-D prophylaxis.'® These antibodies efficiently clear D-positive
cells from D-negative subjects.!” Prophylactic anti-D prepared
from BRAD-5 and BRAD-3 may be marketed in the near future.
Hence, culture supernatants of these MAbs were included in our
study. BRAD-5 reacted with 94% and BRAD-3 with 90% of the
RhD-positive population studied. These results indicate that this
prophylactic anti-D will fail to provide protection to a mother if
her RhD-positive foetus has epitopes against which these antibodies
have not been raised. It would be necessary to conduct clinical
trials in the Indian population before accepting these for therapeutic
use. MAbs raised against the epitopes of D antigen predominantly
found in our population would be ideal for anti-D prophylaxis in
India.

The incidence of weak D varies from 0.3% to 0.7% in UK and
the USA and is reported as 0.016% in Chinese donors in Hong
Kong.82 Muller et al.?' found significant differences in the
regional distribution of the 3 most common weak D types by PCR
screening in Germany. Okubo et al.?* reported the incidence of
partial D to be 0.0005% in Japanese; this is lower than that in
western countries. The incidence of D" was found to be 1.7% in
blacks, 0.3% in whites and 0.3%-0.5% in a western Indian
population.?®* Our study shows that a single MAb against the
RhD epitope will miss alarge number of RhD-positive individuals
in India. A mix of MAbs to different epitopes of RhD antigen will
have to be worked out so that a majority of D-positive Indian
population (about 99%) will be assigned the correct RhD status.
Using this mix, a study on the Indian population needs to be done

to assess whether a particular reagent can be used for all castes
and communities in India. It would be necessary to conduct a
clinical trial of prophylactic MAbs in India before accepting it
for therapeutic use.

ACKNOWLEDGEMENTS

We thank Dr Robin Fraser, Scottish National Blood Transfusion Service
(SNBTS); Dr Haifa Camano, Osaka Red Cross Blood Center, Osaka,
Japan; Dr Jean Pierre Cartron, Centre Regional de Transfusion, Beynost,
Cedex, France; Dr Belinda Kumpel, International Blood Group Reference
Laboratory (IBGRL), Bristol, UK and Dr Steven Foung, Stanford University
Medical Center, California, USA for providing us with epitope-specific
monoclonal anti-D. We also thank Nowrosjee Wadia Maternity Hospital,
K.E.M. Hospital, Indian Red Cross Blood Bank, Parsee General Hospital
Blood Bank and Indian Women Scientists Association for helping us in
collecting blood samples.

REFERENCES

1 Lomas C, Tippett P, Thompson KM, Melamed MD, Hughes-Jones NC.
Demonstration of seven epitopes on the Rh antigen D using human monoclonal
anti-D antibodies and red cells from D categories. Vox Sang 1989;57:261-4.

2 Wiener AS, Unger LJ. Rh factors related to the Rho factor as a source of clinical
problems; diagrammatic representation of their reactions and prediction of still
undiscovered Rh factors. J Am Med Assoc 1959;169:696-9.

3 Gorick BD, Thompson KM, Melamed MD, Hughes-Jones NC. Three epitopes on
the human Rh antigen D recognized by 125I-labelled human monoclonal IgG
antibodies. Vox Sang 1988;55:165-70.

4 Kulkarni SS, Vasantha K, Gupte SC, Mohanty D, Ghosh K. Potential of commercial
anti-D reagents in the identification of partial D variants in Indian population.
Indian J Med Res 2007;125:641-4.

5 Kulkarni S, Colah R, Gorakshakar A, Gupte S, Mohanty D. Detection and molecular
characterization of partial D variants in India. Vox Sang 2004;87 (Suppl 3):131.

6 Leader KA, Kumpel BM, Poole GD, Kirkwood JT, Merry AH, Bradley BA. Human
monoclonal anti-D with reactivity against category DVI cells used in blood
grouping and determination of the incidence of the category DVI phenotype in the
DU population. Vox Sang 1990;58:106—11.

7 Beck ML, Hardman JT. Incidence of D category VI among D donors in the USA.
Transfusion 1991;31:258S.

8 Mak KH, Yan KF, Cheng SS, Yuen MY. Rh phenotypes of Chinese blood
donors in Hong Kong, with special reference to weak D antigens. Transfusion
1993;33:348-51.

9 Singleton BK, Green CA, Avent ND, Martin PG, Smart E, Daka A, et al. The
presence of an RhD pseudogene containing a 37 base pair duplication and a
nonsense mutation in Africans with the Rh D-negative blood group phenotype.
Blood 2000;95:12-18.

10 Kulkarni SV, Gupte SC, Bhatia HM. Efficacy of prophylactic anti-D immunoglobin
injections. Indian J Med Res 1987;85:181-3.

11 Gupte SC, Kulkarni SS. Incidence of Rh immunization between 1981 and 1992.
Natl Med J India 1994;7:65-6.

12 Scott ML. Monoclonal anti-D for immunoprophylaxis. Vox Sang 2001;81:213-18.

13 Bowman J. Thirty-five years of Rh prophylaxis. Transfusion 2003;43:1661-6.

14 BhatiaHM. Procedures in blood banking and immunohaematology. Mumbai:Blood
Group Reference Centre, Indian Council of Medical Research; 1977.

15 Bharucha Z, Chouhan DM. Introduction to transfusion medicine. Mumbai:D.K.
Publishers; 1990.

16 Majumder PP. Ethnic populations of India as seen from an evolutionary perspective.
J Biosci 2001;26:533-45.

17 Bhatia HM, Rao VR. Genetic atlas of Indian tribes. New Delhi:Indian Council of
Medical Research; 1987.

18 Kumpel BM. Monoclonal prophylactic anti-D. Biotest Bull 1997;5:511-14.

19 Kumpel BM. In vivo studies of monoclonal anti-D and the mechanism of immune
suppression. Transfus Clin Biol 2002;9:9-14.

20 Jones J, Scott ML, Voak D. Monoclonal anti-D specificity and RhD structure:
Criteria for selection of monoclonal anti-D reagents for routine typing of patients
and donors. Transfus Med 1995;5:171-84.

21 Muller TH, Wagner FF, Trockenbacher A, Eicher NI, Flegel WA, Schonitzer D, et
al. PCR screening for common weak D types shows different distributions in three
Central European populations. Transfusion 2001;41:45-52.

22 Okubo Y, Seno T, Yamano H, Yamaguchi H, Lomas C, Tippett P. Partial D antigens
disclosed by amonoclonal anti-D in Japanese blood donors. Transfusion 1991;31:782.

23 Contreras M, Knight RC. Controversies in transfusion medicine. Testing for Du:
Con. Transfusion 1991;31:270-2.

24 Vyas GN, Bhatia HM, Banker DD, Purandare NM. Study of blood groups and other
genetical characters in six Gujarati endogamous groups in Western India. Ann Hum
Genetr 1958;22:185-99.



