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Methods: A retrospective cross-sectional study was performed of a cohort of Robin Sequence
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patients of the Hospital de Reabilitação de Anomalias Craniofaciais – Universidade de São
Paulo (USP), Brazil. The study group was composed of 339 individuals of both genders with
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viduals without syndromes. The groups were compared using the Pearson’ chi-square test
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(2 ) with statistical significance being defined for an alpha error of 5% (p-value < 0.05).
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Results: A comparison of gender found a significant difference for the AB phenotype between
groups (p-value = 0.007). Comparing blood type by gender there was no significant difference within the same group (p-value = 0.117 and 0.388 respectively, for Robin Sequence
and the control group). When comparing the AB blood type between groups, there was
no difference for females (p-value = 0.577), but there was a significant difference for males
(p-value = 0.0029).
Conclusions: This study showed that the population with Robin Sequence had different patterns related to gender concerning the phenotypic distribution of ABO and RhD blood group
phenotypes. Robin Sequence is more common among females. The AB phenotype was significantly higher in males with Robin Sequence than in males of the Control Group. The
prevalence of the RhD-negative phenotype is higher in individuals with Robin Sequence.
This result suggests a possible association of ABO and RhD phenotypes with Robin Sequence
that should be better investigated by molecular studies, as it deserves greater attention.
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Introduction
The ABO and RhD blood group phenotypes are classified by
antigens expressed in the erythrocyte glycocalyx and defined
by genetic expression.1–3 The gene encoding of ABO blood
group phenotypes is located on the long arm of chromosome
9 and is responsible for a type II protein, a singular amineor carboxy-terminal plasma transmembrane molecule, which
expresses four antigens (A, B, AB and O).1,2,4–6 The RHD and
RHCE genes, located on the short arm of chromosome 1,
encode Rh antigens.3–5,7
The study conducted by Ponce and Valverde demonstrated
a relationship between the expression of ABO antigens and
the helminth Ascaris lumbricoides, revealing that individuals
with the A phenotype are at higher risk of infestation by
this parasite.8 In 2012, a study by Mäkivuokko et al. demonstrated that individuals with the B phenotype present a
greater number of the bacterium Clostridium leptum in the
bowel lumen.9 Storry and Olsson demonstrated a correlation between Plasmodium vivax and the absence of the AB
phenotype in individuals of African descent, who present suppression of alleles of the ABO genes causing an absence of the
receptor for the malaria parasite in erythrocytes.10
The Robin Sequence (RS) is an autosomal recessive craniofacial malformation with intense phenotypic expression,
considered a sequential pathogenesis11 or a non-specific
symptomatic complex, which may occur in several situations: in isolation, (isolated RS) or associated with known
syndromes including the Stickler, Treacher-Collins and Van
der Woude syndromes, or in association with other developmental defects that do not constitute a specific syndrome.
The main characteristic of RS is a triad of anomalies:
micrognathia (mandibular hypodevelopment), glossoptosis
(posterior tongue displacement) and cleft palate causing difficulties in sucking and swallowing that can cause obstruction
of the airway and even death in some cases.12–15
The study of Jakobsen et al. of a human cytogenetic
database, identified putative chromosomes and genes, 4q32qter, GAD67 (2q31), PVRL1 (11q23-q24), and the SOX9 gene
(17q24.3-q25.1),16 with the latter also being described by Selvi
& Mukunda17 and other authors as playing an important role
in RS.18–20
Considering the importance of genetic interactions in blood
groups and the lack of studies applied to populations of individuals with RS, this study investigated the association of RS
with ABO and RhD blood group phenotypes.

Methods
This study was approved by the Institutional Review Board of
the Hospital de Reabilitação de Anomalias Craniofaciais, Universidade de São Paulo (USP) (protocol #665.580). All data of
ABO and RhD blood group phenotypes were obtained from
secondary sources such as the patients’ medical records.
The test is mandatory before any surgical procedure in the
institution.
The study group included 339 individuals of both genders
with RS registered at the institution. A control group was
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composed of 1780 individuals without any syndromes, attending appointments in the Ear, Nose and Throat Department.
All individuals were Caucasians of Brazilian nationality.
The groups were compared using the Pearson chi-square
test with statistical significance being defined for an alpha
error of 5% (p-value <0.05).

Results
Among the 339 patients with RS, 45% (153/339) were males
and 55% (186/339) were females. Of the 1780 individuals in the
control group, 51% (909/1780) were males and 49% (871/1780)
were females.
Table 1 shows the comparison between the RS and control
groups according to the ABO phenotype. The data revealed a
predominance of the O phenotype (47.5% vs. 46.9%), followed
by A (34.5% vs. 38.9%), B (11.8% vs. 11%) and AB (6.2% vs. 3.2%),
respectively. A comparison of gender found a significant difference for the AB phenotype between groups (p-value = 0.007).
Table 2 shows the comparison between the RS and control groups according to the RhD phenotype. Analysis of the
data of both groups showed a predominance of RhD+ (85.3%
and 90.2%). Comparison between the RS group and the control
group according to the RhD phenotype and genders revealed
no significant differences.

Discussion
Craniofacial anomalies, such as cleft lip, cleft palate and RS,
are caused by changes occurring during human embryonic
development and may be observed in the embryo in the early
days of gestation.11,21
The main characteristic of RS is a triad of anomalies comprising micrognathia (mandibular hypodevelopment),
glossoptosis (posterior tongue displacement causing pharyngeal obstruction) and cleft palate in nearly 90% of cases of
RS.13,14
The clinical presentation of individuals with RS varies
widely. Due to these changes, especially in the neonatal
period, the child may have problems such as feeding difficulties and breathing disorders, with the possibility of respiratory
obstruction or even severe crises of asphyxia, which may lead
to death if not promptly managed.12–14
The association of ABO and RhD blood group phenotypes
with different diseases is receiving more attention from the
scientific community. Studies by Greer et al. demonstrated
that individuals with the O phenotype present a significant
association with the development of pancreatic cancer.22
Harris et al. evidenced that individuals with the O phenotype
were more likely to develop symptomatic disease if infected
with Víbrio cholerae.23 Tamega et al. revealed predominance
of the A phenotype in individuals with chronic discoid
lupus erythematosus, thereby facilitating the prognosis in
disseminated clinical presentations of the disease.24 The
study of Sharma et al. demonstrated a higher prevalence of
malocclusions in individuals with the B phenotype in the
population of Jaipur, India.25 It is important to point out that
the present research demonstrated a possible association of
RS with ABO and RhD blood group phenotypes. Therefore, it
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Table 1 – Comparison between the Robin Sequence and control group according to the ABO phenotype.
Type

Robin Sequence
Male
n (%)

A
B
AB
O
Total

Control Group

Female
n (%)

43 (12.7)
18 (5.3)
12 (3.5)
80 (23.6)
153 (45.1)

74 (21.8)
22 (6.5)
9 (2.7)
81 (23.9)
186 (54.9)

Total
n (%)
117 (34.5)
40 (11.8)
21 (6.2)
161 (47.5)
339 (100.0)

Male
n (%)
369 (20.7)
91 (5.1)
29 (1.6)
420 (23.6)
909 (51.1)

Female
n (%)
324 (18.2)
104 (5.8)
28 (1.6)
415 (23.3)
871 (48.9)

Total
n (%)
693 (38.9)
195 (11.0)
57 (3.2)
835 (46.9)
1780 (100.0)

Table 2 – Comparison between control group and Robin
Sequence according to the RhD phenotype.

Conclusion

Type

Robin Sequence
n (%)

Control Group
n (%)

RhD-positive
RhD-negativea
Total

289 (85.3)
50 (14.7)
339 (100.0)

1606 (90.2)
174 (9.8)
1780 (100.0)

This study was limited to obtaining data from secondary
sources, namely from the patients’ medical records. The study
concluded that, originally, the population with RS had a different pattern related to gender concerning the phenotypic
distribution of ABO and RhD blood group phenotypes. The
RS is more common among females. Phenotype AB was significantly more prevalent in male individuals with RS. The
prevalence of the RhD-negative phenotype is higher in individuals with RS. Therefore, this result suggests a possible
association of ABO and RhD blood group phenotypes with
RS. Further studies should be carried out to elucidate possible interactions between genotypes and phenotypes of other
erythrocyte antigens besides ABO and RhD in individuals with
RS.

a

p-Value = 0.006.

is necessary to investigate other phenotypes and respective
genotypes for possible imbalances in the linkage in order to
understand the causes of this craniofacial malformation.
Regarding gender, there was prevalence of 55% of females
in individuals with RS, thereby corroborating the literature.
Studies conducted by Meyer et al. revealed 64.2% of females
among individuals with RS.26 Schaefer et al. analyzed 21 individuals with RS and observed 66.7% of females27 and Neto et al.
found 75% of females.28 Therefore, both the present results
and previous findings in the literature demonstrated a higher
prevalence of females compared to males in non-syndromic
RS patients.
Among the ABO phenotypes, there was predominance of
the O phenotype, followed by A, B and AB in a population with
RS, corroborating the results of Batissoco et al. and Barbosa
et al.1,29 However, in the present study, a comparison of gender
found a significant difference for the AB phenotype between
groups (p-value = 0.007).
Comparing phenotype and gender in the same group,
there were no significant differences between the RS and GC
Groups. Furthermore, on comparing gender between groups,
there was no significant difference for females, yet there were
more males in the RS Group than in the Control Group (pvalue = 0.0029).
Even though this study revealed a high frequency of RS
individuals with the RhD negative phenotype, it is not possible
to conclude that this erythrocyte antigen directly or indirectly
influences the malformation; however, the study of Beiguelman revealed that the RhD-negative phenotype is prevalent
in 15% of the world population.4
The Hospital for Rehabilitation of Craniofacial Anomalies is a nationwide reference center for rehabilitation
of individuals with craniofacial anomalies and therefore
assists individuals from many different ethnical backgrounds.
However, within the scope of orofacial clefts and anomalies, there is predominance of Caucasians of Brazilian
nationality.30

Conflicts of interest
This study was supported by the Hospital for Rehabilitation
of Craniofacial Anomalies, Universidade de São Paulo (USP),
Brazil. Collaboration with statistical data by Ms Flávia Maria
Ravagnani Neves Cintra and Hilton Coimbra Borgo PhD.
The authors declare no conflicts of interest.

references

1. Batissoco AC, Novaretti MC. Aspectos moleculares do sistema
sanguíneo ABO. Rev Bras Hematol Hemoter. 2003;25(1):47–58.
2. Bonifácio SL, Novaretti MC. Funções biológicas dos antígenos
eritrocitários. Rev Bras Hematol Hemoter. 2009;31(2):104–11.
3. Oliveira MR. Hematologia básica: fisiopatologia e estudo
laboratorial. 4th ed. São Paulo: Livraria Luana Editora; 2008. p.
327–36.
[4]. Beiguelman B. Os Sistemas Sanguíneos Eritrocitários. 3rd ed.
Ribeirão Preto: FUNPEC Editora; 2003.
5. Reid ME, Denomme GA. DNA-based methods in the
immunohematology reference laboratory. Transfus Apher Sci.
2011;44(1):65–72.
6. Seltsama A, Doescherb A. Sequence-based typing of human
blood groups. Transfus Med Hemother. 2009;36(3):204–12.
7. Nardozza LM, Szulman A, Barreto JA, Junior AE, Moron AF.
Bases moleculares do sistema Rh e suas aplicações em
obstetrícia e medicina transfusional. Rev Assoc Med Bras.
2010;56(6):724–8.
8. Ponce de León P, Valverde J. ABO system: molecular mimicry
of Ascaris lumbricoides. Rev Inst Med Trop São Paulo.
2003;45(2):107–8.

hematol transfus cell ther. 2 0 1 8;4 0(4):354–357

9. Mäkivuokko H, Lahtinen SJ, Wacklin P, Tuovinen E, Tenkanen
H, Nikkilä J, et al. Association between the ABO blood group
and the human intestinal microbiota composition. BMC
Microbiol. 2012;12:94.
10. Storry JR, Olsson ML. Genetic basis of blood group diversity. Br
J Haematol. 2004;126(6):759–71. Blackwell Publishing Ltd.
11. Lofiego JL, Fissura Lábio-Palatina. avaliação, diagnóstico e
tratamento fonoaudiológico. Rio de Janeiro: Revinter; 1992. p.
20–44.
12. Evans KN, Sie KC, Hopper RA, Glass RP, Hing AV, Cunningham
ML. Robin sequence: from diagnosis to development of an
effective management plan. Pediatrics. 2011;127(5):
936–48.
13. Mondini CC. Avaliação da capacidade de cuidadores de
lactentes com Sequência de Robin [Thesis]. Bauru: Hospital
de Reabilitação de Anomalias Craniofaciais, Universidade de
São Paulo; 2008.
14. Marques IL, Souza TV, Carneiro AF, Peres SP, Barbieri MA,
Betiol H. Sequência de Robin: protocolo único de tratamento. J
Pediatr. 2005;81(1):14–22.
15. Arena EP, Peres SP. Nutritional profile of children with cleft lip
and/or cleft palate. In: 10th international congress on cleft
palate and related craniofacial anomalies, 2005. Durban:
CLEFT; 2005. p. 222.
16. Jakobsen LP, Knudsen MA, Lespinasse J, García AC, Ramos C,
Fryns JP, et al. A base genética da Seqüência de Pierre Robin.
Sequence. Cleft Palate Craniofac J. 2006;43(2):155–9.
17. Selvi R, Mukunda PA. Role of the Sox9 in the etiology of
Pierre-Robin syndrome. Iran J Basic Med Sci. 2013;16(5):700–4.
18. Amarillo IE, Dipple KM, Quintero-Rivera F. Familial
microdeletion of 17q24.3 upstream of SOX9 is associated with
isolated Pierre Robin sequence duo the position effect. Am J
Med Genet A. 2013;161A(5):1167–72.
19. Benko S, Fantes JA, Amiel J, Kleinjan DJ, Thomas S, Ramsay J,
et al. Highly conserved non-coding elements on either side of
SOX9 associated with Pierre Robin sequence. Nat Genet.
2009;41(3):359–64.

357

20. Lee YH, Saint-Jeannet JP. Sox9 function in craniofacial
development and disease. Genesis. 2011;49(4):200–8.
21. Dixon MJ, Marazita ML, Beaty TH, Murray JC. Cleft lip and
palate: understanding genetic and environmental influences.
Nat Rev Genet. 2011;12(3):167–78.
22. Greer JB, Yazer MH, Raval JS, Barmada MM, Brand RE,
Whitcomb CD. Significant association between ABO blood
group and pancreatic cancer. World J Gastroenterol.
2010;16(44):5588–91.
23. Harris JB, Khan AI, LaRocque RC, Dorer DJ, Chowdhury F,
Faruque AS, et al. Blood group, immunity, and risk of
infection with vibrio cholerae in an area of endemicity. Infect
Immun. 2005;73(11):7422–7.
24. Tamega AA, Pereira FB, Bezerra LV, Miot HA. Grupos
sanguíneos e lúpus eritematoso crônico discoide. An Bras
Dermatol. 2009;84(5):477–81.
25. Sharma R, Preethi PN, Nagarathna C, Navin HK. Association of
ABO Blood Groups with Malocclusion in Population of Jaipur,
India: a prospective study. Int J Sci Stud. 2015;2(11):45–51.
26. Meyer AC, Lidsky ME, Sampson DE, Lander TA, Liu M, Sidman
JD. Airway interventions in children with Pierre Robin
sequence. Otolaryngol Head Neck Surg. 2008;138(6):782–7.
27. Schaefer RB, Stadler JÁ, Gosain AK. To distract or not to
distract: an algorithm for airway management in isolated
Pierre Robin sequence. Plast Reconstr Surg.
2004;113(4):1113–25.
28. Pinheiro Neto CD, Alonso N, Sennes LU, Goldenberg DC,
Santoro PP. Polysomnography evaluation and swallowing
endoscopy of patients with Pierre Robin sequence. Braz J
Otorhinolaryngol. 2009;75(6):852–6.
29. Barbosa FC, Laura AL, Zorzatto JR. Hemosul de Campo
Grande, MS – Levantamento do perfil socioeconômico,
cultural, tipagem abo e do fator rh dos doadores de sangue.
Ensaios e Ciência: Ciências Biológicas, Agrárias e da Saúde.
2006;10(1):75–87.
30. Mossey PA, Little J, Munger RG, Dixon MJ, Shaw WC. Cleft lip
and palate. Lancet. 2009;374(9703):1773–85.

