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Keywords: bleeding phenotypes are important predictors of prognosis. However, tropical determinants of haemo-

glieer;?lphilia philic bleeding phenotypes are virtually ignored because majority of haemophilia research originated
Phenotygpe from developed non-tropical countries. The aim of this paper is to present a balanced review of the hae-
Thrombophilia mophilic bleeding pl.qenotyl.ses from general anq tropical pe{‘specti\./es.. Hence, we present a co'ncisely
ABO blood group updated comprehensive review of the pathophysiologic and clinical significance of general vis-a-vis trop-
Sickle cell ical determinants and modifiers of haemophilic bleeding phenotypes from genetic, immunologic an
ical d i d modifi f h hilic bleedi h fi ic, i logi d
Helminthiasis infective perspectives. Understanding of general phenotypic determinants such as FVIII gene mutations,
Iron deficiency immunological (inhibitors) and infective (e.g. hepatitis and HIV) complications, classical thrombophilias

(e.g. FV-Leiden) and non-classical thrombophilias (e.g. non-O blood groups) will throw more light into
the mechanisms by which some tropical prothrombotic gene mutations (such as sickle B-globin gene)
and certain chronic tropical pro-haemorrhagic parasitic infections (such as urinary and gastrointestinal
helminthiasis) may modify frequency, intensity and pattern of bleeding among haemophiliacs in the
tropics. The clinical significance of iron deficiency within the context of helminthiasis and haemophilia
is also reviewed. More research is needed to determine the precise effect of non-classical thrombophilias
such as sickling disorders and ABO blood groups on haemophilic bleeding phenotypes. Meanwhile,
tropical healthcare workers should incorporate regular screening and treatment for common pro-
haemorrhagic parasitic diseases and iron deficiency into standard of care for management of
haemophilia.
© 2017 Ain Shams University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Contents

B U o L (ot o) P 00
2. General derminants and modifiers of haemophilic bleeding phenotypes . . ... ...t e ettt 00
2.1, FVIII ENE MULALTION. .« o o vttt ettt ettt e et e e e et e e et et e e e et et e et et et e e et et et ettt ettt et 00

2.2.  Treatment related COMPLICALIONS . . . ..o\ttt ettt et et e e ettt et et e e e ettt et ettt et e 00

2.2.1.  Immunological complication: FVIII inhibitors. . . .. ... ..ot e e e e e ettt et 00

2.2.2. Infective complications: viral hepatitis and HIV. . . ... ... .. i i e e e ettt e e 00

2.3. Coinheritance of thrombophilia Genes. . . ... ... ittt e e ettt e et e e e e 00

2.3.1. Coinheritance of classical thrombophilia . ... ... ... e e e 00

2.3.2. Coinheritance of non-classical thrombophilia: non-0 blood groups. . . ...ttt et e e 00

Peer review under responsibility of Ain Shams University.
* Corresponding author.
E-mail address: drsagirahmed@yahoo.com (S.G. Ahmed).

https://doi.org/10.1016/j.ejmhg.2017.10.004
1110-8630/© 2017 Ain Shams University. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Please cite this article in press as: Ibrahim UA, Ahmed SG. . Egypt ] Med Hum Genet (2017), https://doi.org/10.1016/j.ejmhg.2017.10.004



http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ejmhg.2017.10.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:drsagirahmed@yahoo.com
https://doi.org/10.1016/j.ejmhg.2017.10.004
http://www.sciencedirect.com/science/journal/11108630
http://www.sciencedirect.com
https://doi.org/10.1016/j.ejmhg.2017.10.004

2 U.A. Ibrahim, S.G. Ahmed /The Egyptian Journal of Medical Human Genetics xxx (2017) XXX—XXx

3. Tropical derminants and modifiers of haemophilic bleeding phenotypes . . ... ... . it et et et ettt i e 00
3.1. Tropical prothrombotic mutation: HbS gene muUtation. . .. ... ...ttt ittt et ettt ettt et ettt et e eneanns 00

3.2. Tropical pro-haemorrhagic parasitic infections: intestinal and urinary helminths. . ...... .. ... .. ... . ... . . . . ... 00

3.3. Tropical pro-haemorrhagic parasitic infections: iron deficiency and its clinical implications for the haemophilia patient............. 00

L S € ) Uad L] o) L 00
AUthOrShip CONTIIDULIONS . . . . oottt ittt e e ettt et e e e e e e e e e et e e e e e et ettt ettt et e 00
Financial funding and conflict of interest declaration . . .. ... ... ...ttt i ittt e e et ettt 00

3 3 1S3 1 Lol PP 00

1. Introduction

Haemophilia-A is an X-linked recessive disorder characterized
by deficiency of clotting factor VIII (FVIII) [1]. Inadequate FVIII
levels result in insufficient formation of the intrinsic tenase com-
plex (FIXa, FVIlla, Ca®" and Phospholipids) which subsequently
leads to reduced generation of thrombin with impaired fibrin
deposition and clot formation [1]. However, the bleeding disorder
in haemophilia-A is not merely a reflection of reduced clot forma-
tion due to low FVIII activity. The pathophysiology of the bleeding
diathesis in haemophilia-A is in fact the result of an interplay
between a defective procoagulant process and a deregulated fibri-
nolytic process. Bleeding is triggered either by identifiable trauma
(referred to as trauma-induced bleeding) or unidentifiable trauma
(referred to as spontaneous bleeding), noting that these so-called
‘spontaneous bleeds’ are usually caused by some form of trivial
unrecognizable trauma [2]. As expected from physiological per-
spective, the local tissue damage and vascular endothelial injury
at the site of bleeding would simultaneously activate the intrinsic
pathway (via contact activation) [3], the extrinsic pathway (via
release of tissue factor) [3] and the fibrinolytic pathway (via
release of tissue plasminogen activator) [4]. Moreover, the activity
of fibrinolytic pathway, which is triggered by contact-activated
FXlla [5] as well as the tissue plasminogen activator [4], proceeds
normally. In contradistinction to the fibrinolytic pathway, the pro-
coagulant pathways are hindered by the summation of a series of
haemostatic anomalies, which is initiated by the low FVIII activity
followed by reduced initial thrombin generation via the intrinsic
pathway [6]. The next haemostatic anomaly is the failure of the
extrinsic pathway to adequately compensate for the insufficient
thrombin generation by intrinsic pathway [6]. The inadequate
compensation by the extrinsic pathway leads to the absence of suf-
ficient burst of thrombin, which is necessary for activation of
thrombin activable fibrinolysis inhibitor (TAFI) [6]. This persistent
lack of sufficient thrombin burst ultimately leads to sub-optimal
activation of TAFI with a resultant defective down regulation of fib-
rinolysis [6]. Therefore, the haemostatic failure in haemophilia-A
can be viewed as a vicious combination of poor fibrin clot forma-
tion on the one hand and an up-regulated fibrinolysis on the other
hand [6]. Moreover, the production of tissue factor pathway inhibi-
tor (TFPI) by synovial cells and chondrocytes leads to localized
intra-articular attenuation of the extrinsic pathway, which conse-
quently aggravates bleeding tendency within the joints [7]. Other
local aggravators of haemophilic bleeding include plasminogen
activators produced by the kidneys [8] and the prostate [9], which
aggravate urinary tract bleeding; and the fibrinolytic effect of sal-
iva, which aggravate bleeding within the oral cavity [10].

Although the overall severity of haemophilia is largely deter-
mined by the extent to which different mutations abolish func-
tional FVIII production, the overall phenotypic variations among
haemophiliacs is determined by additional confounding effects of
several other factors, which range from general to tropical factors
on one hand, and from genetic to immunologic and infective fac-
tors on the other hand. Determinants and modifiers of haemophilic
bleeding phenotypes are important predictors of bleeding rates

and clotting factor consumption, both of which are vital indices
in the clinical process of individual patient prognostication. Hence,
a thorough understanding and identification of these determinants
and modifiers are paramount for clinicians and other medical per-
sonnel that are involved in the management of haemophilia. How-
ever, tropical determinants of haemophilic bleeding phenotypes
are virtually ignored in the literature because the majority of hae-
mophilia research originated from developed non-tropical coun-
tries. Because of the high prevalence of poverty, malnutrition and
infectious diseases in tropical countries, haemophiliacs living in
the tropics face peculiar challenges that are not present in the
developed regions of the world. Therefore, the aimed of this paper
is to present a balanced review of the haemophilic bleeding pheno-
types from general and tropical perspectives in order to highlight
the peculiarities of the tropical haemophiliacs. In this paper we
present a concisely updated comprehensive review of the patho-
physiologic and clinical significance of general vis-a-vis tropical
determinants and modifiers of bleeding phenotypes in
haemophilia-A from genetic, immunologic and infective perspec-
tives. The clinical significance of iron deficiency and its treatment
within the context of haemophilia is also reviewed.

2. General derminants and modifiers of haemophilic bleeding
phenotypes

Several factors are known to be important determinants and
modifiers of bleeding phenotypes of patients with haemophilia-A.
These factors include FVIII gene mutations and inhibitors, as well
as classical and non-classical thrombophilic conditions as outlined
in Table 1.

2.1. FVIII gene mutation

The severity of haemophilia is largely determined by the extent
to which different mutations abolish functional FVIII production.
The clinical severity of the disease and bleeding rates significantly
correlate with residual FVIII levels, which is classified as severe
(FVIII level <1%), moderate (FVIII level 1-5%) or mild (FVIII level
6-40%) [11]. Severe haemophilia, which is characterized by high
bleeding rates and frequent occurrence of apparently spontaneous
bleeding episodes, is typically associated with the null mutations
due to inversions, insertions, deletions, non-sense and mis-sense
mutations [11]. Whereas mild and moderate haemophilia, charac-
terized by lower rates of bleeding that is usually provoked by rec-
ognizable traumatic events, are usually associated with non-null
mutations due to less severe forms of mis-sense, single-
nucleotide deletions or splicing error mutations [11]. There is a
direct correlation between disease severity, bleeding rate and the
risk of iron deficiency among haemophiliacs [12]. A previous study
from Nigeria revealed that in comparison with non-severe
haemophiliacs, severe haemophiliacs had higher frequency and
relative risk of iron deficiency, a finding that was attributable to
the higher bleeding rates among severe haemophiliacs [12]. There
is no doubt that the FVIII gene mutation is the most important
determinant of disease severity and bleeding phenotype in
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