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1. Introduction

Leprosy is a human chronic infectious disease caused by obligate

ABSTRACT

Objective: To analyze haptoglobin polymorphism, plasma haptoglobin concentration, and
ABO blood groups associated with leprosy.

Methods: Blood groups were determined using monoclonal anti-A and anti-B. Haptoglobin
was genotyped by PCR; plasma haptoglobin concentration was measured by ELISA. Data
were analyzed by SPSS version 21 and P-values < 0.05 were considered as statistically
significant.

Results: ABO blood groups in leprosy patients were found to have no significant difference
compared to controls and the general population (P > 0.05). The data showed a lower
frequency of Hp'" (14.6%) and higher frequency of Hp>~ (25.6%) in leprosy patients compared
to healthy controls (23.1% and 19.8%, respectively), without significant association (P = 0.315).
The mean of haptoglobin concentration was higher in leprosy patients [(1.32 + 0.70) mg/
mL] than in healthy controls [(1.17 + 0.67) mg/mL] (P = 0.160). The mean (1.44 mg/mL) and
median (1.37 mg/mL) values of haptoglobin concentration were significantly higher in male
leprosy patients than in male healthy controls (1.11 mg/mL and 1.11 mg/mL, respectively) (P
= 0.018). Independent sample #-test and One-way ANOVA analysis also indicated significant
mean elevation of Hp along leprosy spectrum and bacterial index (P < 0.05).

Conclusions: In conclusion, the study revealed absence of influence of Hp polymorphism and
ABO blood groups on leprosy occurrence; however, plasma haptoglobin concentration elevates
in leprosy patients and is significantly associated with leprosy spectrum and bacterial loads in
patients.

(16922), having two common co-dominant alleles (Hpl and Hp2)
[2] that bring about three phenotypic classes: Hp'", Hp'? and
Hp””. Haptoglobin gene is principally expressed in the liver by

intracellular bacteria, Mycobacterium leprae, which affects skin and
peripheral nerves. The disease presents itself in different clinico-
pathological forms depending on the immune status of the hostl1],
thus its clinico-pathological features correlate with local cytokine
patterns and the nature of T-cell responses|[1].

Human haptoglobin (Hp), an acute phase hemoglobin binding

protein, is encoded by a gene located on chromosome 16
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hepatocytes[3], induced by cytokines such as interleukin-6 (IL-6),
IL-1 and tumor necrosis factor-o. (TNF-o))[4]. Structurally, it has four
chains: 2a light chains and 2p heavy chains[5], and following its
secretion, circulates as a linear dimer, or as a linear polymer, or as
a cyclic polymer. In healthy human adults, plasma Hp level varies
between 0.38 g/L and 2.08 g/LI6], but the range may elevate in
response to inflammation, bacterial infection, tissue destruction and
malignant diseases[4.7]. Besides its hemoglobin scavenging role, Hp
has many biological functions such as oxidative stress prevention(s],
anti-oxidant function[9], nitric oxide related function[10], anti-
bacterial activities[6], renal damage prevention[6,8], anti-
inflammatory functions(8], inhibition of prostaglandin synthesis[11],

and immune modulation(8,12]. The modulation function of Hp both
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in cellular and humoral immune systems[12,13] plays a key role
during M. leprae infection[14] including leukocyte recruitment and
migration, modulation of cytokine patterns following microbial
infection and tissue repair(15]. Moreover, the role of Hp to balance
the two polar immunological T-helper cell responses (Th1 and Th2)
by promoting a dominant Th1 cellular response[13,16] determines
the clinic-pathological features of leprosy(l]. In leprosy, tuberculoid
(TT) patients are characterized by Th1-dominant cytokine response
with low intracellular bacilli load, and lepromatous (LL) patients
are characterized by Th2-dominant cytokine response with abundant
bacillil1,17,18]. The borderline leprosy patients show unstable immune
response with intermediate intracellular bacillary load[11.

Biological functions of Hp including anti-oxidant, scavenging,
anti-inflammatory, and immune-regulatory properties vary based
on Hp genotypes[4]; and the genetic polymorphism of Hp has been
shown to influence the course of a number of inflammatory and
immune functions. Although innate and adaptive immune responses
play key roles during M. leprae infection and Hp immune modulator
property is important to regulate these two lines of defenses, little is
known about role of Hp polymorphism and its concentration in the
pathogenesis or clinical course of leprosy. The presently reported
case-control study aimed to assess the Hp gene polymorphism,
plasma Hp concentration, and ABO blood group relation among

leprosy patients from ALERT referral hospital in Ethiopia.

2. Materials and methods

2.1. Subjects

The study participants were new case of leprosy patients who
came for treatment at All Africa Leprosy Tuberculosis Rehabilitation
Research Training Center Hospital (ALERT) from different
regions of Ethiopia. The patients were consecutively enrolled from
the beginning of August 2013 to the end of October 2013, and
composed of 82 leprosy patients (49 males and 33 females). The
control subjects were recruited based on their socio-demographic
backgrounds and consisted of 91 healthy subjects (60 males and 31

females).

2.2. Leprosy diagnosis

Leprosy patients were diagnosed based on clinical parameters
which were involved in dermato-neurological examinations and
bacteriological investigation of acid fast bacilli (AFB) in the slit skin
smears. Then they were classified according to Ridley-Jopling leprosy

classification system and World Health Organization (WHO).

2.3. Blood grouping/DNA extraction

About 2-3 mL venous blood samples were collected using tubes

containing anti-coagulant (EDTA) and the ABO blood groups were

examined by antigen-antibody agglutination test using slide method
and commercially available anti-A and anti-B monoclonal antibodies
(Tulip Diagnostics, India). Genomic DNA was extracted from
peripheral blood leukocytes by standard non-organic (proteinase K

and salt out) extraction procedure[19].

2.4. ELISA

Plasma haptoglobin level was quantified by ELISA method using
human Hp ELISA kit (ab108856 haptoglobulin human ELISA kit)
(synthesized by Abcam, UK). The assays were conducted following

the instructions provided by the manufacturer.

2.5. Hp genotyping

The Hpl and Hp2 alleles were amplified by PCR as the method
previously described by Koch et al.[20] and the oligo-nucleotide
primers were synthesized by Applied Bio-systems (Kenya). A total
of 20 pL PCR reaction mixture was used per reaction. Each reaction
mixture consisted of 10 pL HotStarTaq Master Mix Kit (providing
a final concentration of 1.5 mmol/L. MgCl, in the final reaction mix,
2.5 IU HotStarTaqg DNAP, 1x PCR buffer, and 200 umol/L of each
dNTP) (synthesized by Qiagen), 1 uL each of the two (0.5 pmol/uL)
primers, template DNA (= 1 pg/50 uL), and 7 pL distilled water.
Each reaction mixture was set to be amplified at different PCR
amplification programs based on the primer combinations in the
mixtures. The first PCR reaction mixture containing primers A and B
was set for touchdown PCR program under the following conditions:
95 °C for 15 min (95 °C for 30 s, 69 °C-1 °C with each cycle for 45
s, and 72 °C for 1 min and 30 s) for 15 cycles, 95 °C 30 s, 55 °C for
45 s, and 72 °C for 1 min and 30 s for 35 cycles, and 72 °C for 7 min.
The PCR involving C and D primers used standard conditions: 95 °C
for 15 min (95 °C for 45 s, 69 °C for 2 min) for 35 cycles and 72 °C
for 7 min. PCR was conducted by thermal cycler TC-512.

2.6. Gel electrophoresis

The PCR amplicons of the two reactions (Reaction-1 containing
primers A and B; Reaction-2 containing primers C and D) were
combined and differentiated by electrophoresis using 1% agarose
gel, 1x TAE buffer, ethidum bromide, loading dye, and 100 V for 45

min.

2.7. Statistical analysis

Allele frequencies were calculated under the assumption of
Hardy—Weinberg equilibrium and expressed as percentages. Chi-
square test was used to compare observed allelic and genotypic
frequency distributions of the blood group and haptoglobin. Shapiro-
Wilk test and an inspection of the Skewness and Kurtosis measures

and standard errors as well as visual inspections of their histogram,
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normal Q-Q plots, and pox plots were used to test for the normal
distribution of continuous data. In order to check for all possible
differences among the groups, ANOVA was used. Comparisons
between groups were made using Student’s 7-test. P-values less
than 0.05 were considered statistically significant and the analyses
were performed using SPSS version 21 software. The OD data
were converted into concentrations with Graphpad prism 6 Demo

Software (www.graphpad.com).

2.8. Ethical consideration

The protocol was approved by the Armauer Hansen Research
Institute (AHRI/ALERT) Ethical Review Committee and the
Ethical Review Committee of College of Natural Science, Addis
Ababa University. Moreover, full consent forms were signed by
the subjects after the aim of the study was clearly explained to

them.

3. Results

3.1. Haptoglobin genotype/ABO blood group

The distribution of ABO blood phenotype in leprosy patients
was: A (30.5%), B (22.0%), AB (6.0%), and O (41.5%). These
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proportions were found to have no significant difference as
compared to healthy controls (Pearson Chi-square test; X*(3) =
0.601, P = 0.896, 2-sided). The phenotypic distribution between
studied populations and the comparison with the general
population (data obtained from Ethiopian National Red Cross[21])
is presented in Table 1.

The frequency of the three Hp genotypes was in Hardy-
Weinberg equilibrium (P > 0.05) and the distribution in patients
was: Hp""' (14.6%), Hp'” (59.8%), and Hp”” (25.6%). There was
low percentage of Hp'" and high percentage of Hp>” in leprosy
patients as compared to healthy controls (Table 1); however, the
data showed lack of significant difference between the groups
(P = 0.315). For leprosy patients, the frequency of Hpl was
44.5% and Hp2 was 55.5%; while in controls the frequencies of
the two alleles were 51.6% and 48.4%, respectively (Table 1).
Hp2 allele frequency was higher in leprosy patients, although
the difference lacked significance (P = 0.185); and the odd ratio
(OR) of developing leprosy in individuals having Hpl was lower
than individuals had Hp2 allele (Hp1/Hp2, OR = 0.751, 95% CI:
0.492-1.147).

Figure 1 indicates the graphic comparison of genotypic and
allelic distribution of Hpin Paucibacillary (PB) and Multibacillary
(MB) leprosy types along with healthy controls. Unlike its
frequency in healthy controls, the frequency of Hp*”in PB

Table 1
ABO blood group, Hp genotype and allele frequency in cases, controls and population.
ABO blood group Hp genotype Hp allele
A B AB (] Hp"' Hp'"” Hp™’ Hpl Hp2
Case [N (%)] 25 (30.5) 18 (22.0) 5 (6.0) 34 (41.5) 12 (14.6) 49 (59.8) 21 (25.6) 73 (44.5) 91 (55.5)
Control [N (%)] 29 (31.9) 16 (17.6) 5(5.5) 41 (45.1) 21 (23.1) 52 (57.1) 18 (19.8) 94 (51.6) 88 (48.4)
Population [N (%)] 4414 (30.9) 3522 (24.7) 381 (2.7) 5969 (41.8) ND ND ND ND ND
Total [N (%)] 4469 (30.9) 3556 (24.6) 391 (2.7) 6044 (41.8) 33 (19.1) 101 (58.4) 39 (22.5) 167 (48.3) 179 (51.7)
X (df), P-value 8.524 (6), 0.202 2.312 (2),0.315 1.759 (1), 0.185
ND, note done
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mHp~ WHp-1
mHp'? @Hp-2
mHp™

60+

IS
(=)
1

% of Count

207

0-

MB PB

Control

% of Count

50

B
[w]
1

(9%
(=]
1

20

MB PB

Control

Figure 1. Polymorphism of Hp in Paucibacillary (PB) and Multibacillary (MB) patients. A: Genotype distribution; B: Allele distribution.
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and MB (23.8% and 24.2%, respectively) was greater than the
frequency of HP'"', and this was also true for Hp2 frequency in PB
and MB (59.4% and 54.5%, respectively).

3.2. Haptoglobin concentration

The age range of studied subjects was 18-54; in each age category
the proportions did not differ significantly from each other at 0.05
level: 18-24 (30 cases and 35 controls), 25-34 (26 cases and 31
controls), 35-44 (13 each), 45-54 (13 cases and 12 controls). In
every age category, plasma Hp concentration was higher in leprosy
patients compared to healthy controls, but not significant (the
minimum P-value was 0.238). Haptoglobin plasma concentration of
leprosy patients and healthy controls was approximately normally
distributed with means of (1.32 + 0.70) mg/mL and (1.17 + 0.67)
mg/mL, respectively, and there was no significant difference
between them (P = 0.160). However, the mean and median were
significantly higher in male leprosy patients (1.44 mg/mL and 1.37
mg/mL, respectively) than in male healthy controls (1.11 mg/mL and
1.11 mg/mL, respectively) (independent sample t-test, P = 0.018);
but there was no significant mean and median difference between
female leprosy patients and female healthy controls (independent
sample r-test, P = 0.351). Independent sample z-test and One way
ANOVA analysis also indicated significant mean elevation of Hp
along leprosy spectrum and bacterial index (P < 0.05). Table 2 shows
the comparison of Hp plasma level in relation to study participants
category, leprosy spectrum, leprosy reaction type, and bacterial
index.

Table 2
Hp plasma level comparison by study participants category, gender, leprosy
spectrum, bacterial index, and reaction type.

N Mean+SD Range

t-test ANOVA test

Min Max P-vale  P-value

Category Case 82 1.32+0.70 0.10 391 0.16

Control 91 1.17 +0.67 0.04 2.81
Female Case 33 1.14+0.58 0.14 2.60 0.351

Control 31 1.29+0.68 0.31 2.76
Male Case 49 1.44+0.76 0.10 3.91 0.018

Control 60 1.11+0.66 0.04 2.81
Leprosy LL 22 1.81+0.71 052 391 ... <001
spectrum  BL 21 1.32+0.60 0.40 2.60 0.018"

BB 24 1.02+0.66 0.14 2.48 <001°

BT 15 1.08 £0.52 0.10 2.26 0.002"
Bacterial BI=0 32 0.97+0.57 0.10 2.48 <001® <001
index (BI) BI = 1 7 1.00+047 0.14 1.70 0.01°

BI=2 3 1.52+1.04 052 2.60 0.561°

BI=3 9 1.58+0.63 0.74 2.58 0.439"

Bl=4 9 1.32+0.55 0.40 2.05 0.082°

BI> 4 22 1.80+0.71 0.75 391 ...
Leprosy Typel 14 1.05+0.75 0.19 2.60 0.082° 0.16
reaction  Type IT 8 1.62+0.64 0.52 2.58

No reaction 60 1.34 +0.69 0.10 3.91 0.279°
LL: Lepromatous leprosy; LB: Borderline lepromatous leprosy; BB:
Borderline leprosy; BT: Borderline tuberculoid leprosy.
X*": P-value comparisons of LL v.s non-LL; BI greater than 4 v.s BI less

than 4; Type II v.s non-Type II reactions.
The mean, minimum (min), and maximum (max) values are given in mg/mL.
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The mean of Hp''plasma level in leprosy patients [(1.69 + 0.81)
mg/mL] was greater than the mean of Hp'"' plasma level in healthy
controls [(1.34 = 0.59) mg/mL] (independent sample t-test, P =
0.159). Similarly, the mean of Hp'” plasma level [(1.42 + 0.63) mg/
mL] in patients was greater than the mean of Hp'” plasma level
[(1.23 = 0.68) mg/mL] in healthy controls (independent sample
t-test, P = 0.149). However, the mean of sz'2 plasma concentration
was approximately the same both in leprosy patients and healthy
controls [(0.88 £ 0.62) mg/mL and (0.82 + 0.64) mg/mL,
respectively] (independent sample #-test, P = 0.770). Figure 2 shows

the comparison of Hp plasma level in leprosy patients and healthy

controls by Hp genotype.
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Figure 2. Comparison of plasma haptoglobin concentration by Hp
genotypes and study participant category.

4. Discussion

4.1. ABO blood group

The results of this study revealed that ABO blood group
proportions in leprosy patients are similar to the equivalent
proportions in the population, suggesting that there is no association
between ABO blood group and the prevalence of leprosy. This
finding agrees with other previous works. For instance, a study
in China on 459 Chinese leprosy patients and 15261 healthy
individuals found non-significant difference between leprosy
patients and healthy controls[22]. In the same way, studies conducted
in Bangladesh and Indial23,24] are also consistent with the present
study. Furthermore, the analysis of combined data of 27 series from
14 different countries among 11261 leprosy patients and 390 602
healthy controls brought similar conclusion(25]1. However, the
analysis of 31 series having 12299 leprosy patients and 393 023
healthy controls indicated high frequency of “B” and low frequency

of “O” in leprosy patients, with lack of significant differencel26].
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Therefore, considering the results of present study and many similar
conclusions from other studies in different countries, there seems to
be no convincing evidence to suggest any association between ABO

blood group phenotypes and the occurrence of leprosy.

4.2. Hp polymorphism

Many biological functions of Hp depend on its genotypes due
to their CD163 binding affinity difference. Hp'' has greater
hemoglobin (Hb) binding capacity and then Hp''-Hb complex has
more CD163 binding affinity than Hp'” or Hp*?[41. Thus, Hp""' is
able to bind more Hb on a molar basis than the two phenotypes[27],
and clears Hb more effectively than Hp>~. This phenotype dependent
Hb or CD163 binding affinity of Hp influences Th1/Th2 immune
response regulation through cytokine production from macrophages
exposed to Hp-Hb complex via CD163 dependent mechanism(12,13].
For instance, Hp''-Hb complex promotes the secretion of more
IL-6 and TL-10 than the Hp**~Hb complexI[13] and hence, increases
Th2 dependent immune response. These distinct Th1/Th2 responses
characterize host immune response to M. leprae infection along
leprosy spectrum(1,14].

The results of this study showed a lower frequency of Hp'"
(14.6%) and higher frequency of Hp®? (25.6%) in leprosy patients
than in healthy controls (23.1% and 19.8%, respectively), with
absence of significant association between Hp genotype and
occurrence of leprosy. This is in agreement with a study conducted
in Angola among 905 leprosy patients and healthy controls which
indicated lower frequency of Hp'" (48.9%) in leprosy patients than
in controls (53.9%)(28]. Similar study in South Africa also showed
low percentage of Hp'™" in leprosy patients (22.9%) as compared
to controls (27.9%), but more frequency of Hp>” in leprosy
patients (30.9%) than in healthy controls (25.8%)[29]. In contrast,
a data from India indicated low frequency of Hp>”in leprosy
patients (65%) as compared to controls (71%)[30], and significant
association of [Hp0-0] (ahaptoglobinemia; lack of Hp alleles due to
deletion[31]) with leprosy prevalence. However, the prevalence of
ahaptoglobinemia was not shown in the present study both in leprosy
patients and in healthy controls. Thus, the findings of this study
and previous works suggest that haptoglobin genotypes may not
influence leprosy susceptibility, and the controversial reports may
be related to population stratification or genetic heterogeneity biases

which could occur in the studied population groups.
4.3. Hp concentration

The results obtained from this study demonstrate that plasma Hp
level elevates in leprosy patients and is significantly associated with
leprosy spectrum and bacterial loads in patients. These findings are
supported by many studies which demonstrated Hp elevation during
bacterial infection, inflammation, tissue destruction, and various

malignant diseases[3,32] and also consistent with Sritharanand et
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al.[33] who reported high concentration of Hp in untreated LL
patients as compared to healthy controls.

Plasma Hp concentration depends on the rate of Hp gene
expression and/or Hp release from active neutrophils(3.34].
Besides, Hp gene expression is triggered by anti-inflammatory
cytokines particularly IL-6 and IL-1[7,35]. In leprosy, Th2 cells are
characterized by their secretion of IL-4, IL-5, IL-6, IL-10, and IL-
13 which promote Th2-dominant immune response to M. leprae
indicating severe poles of leprosy development[17,18]. In contrast,
Th1 subtype is characterized by predominant production of pro-
inflammatory cytokines like interferon y (IFN-y), tumour necrosis
factor-beta (TNF-f), and IL-2 which promote Thl-dominant
immune response to M. leprae indicating the development of a
milder poles of leprosy(18.36]. The results of present study together
with high IL-6 plasma level and IL-6 mRNA in ENL lesions[37,38] as
well as significant rise of IL-4, IL-5, IL-10, and IL-1p cytokines in
Multibacillary patients[38] suggest differential Hp expression along
leprosy severity. Thus, the increment of Hp level with the severity
of leprosy and bacterial loads in patients suggests the possibility
of up-regulatory effects of leprosy patient’s immune factors on the
expression of Hp genel71.

In conclusion, we report that Hp polymorphism and ABO blood
groups may not influence the occurrence of leprosy. However, the
elevation of plasma Hp level in leprosy patients and its significant
association with bacterial loads as well as considering the strong
relationships between leprosy immunology and Hp gene regulatory
mechanisms, it may be possible to suggest: 1) the relative increment
of plasma Hp concentration with the severity of leprosy is/may be
an indication for the increment of Hp gene expression rate with the
severity of leprosy; 2) the relative increment of Hp level with leprosy
severity is/may be an indication for the shift of leprosy patient’s

immune response or arises as of more severe form of leprosy.

Conflict of interest statement

We declare that we have no conflict of interests.

Acknowledgment

This study was supported by Armauer Hansson Research Institute.
The funder had no roles in study design, data collection and analysis,

decision to publication, or preparation of the manuscript.

References

[1] Misch EA, Berrington WR, Vary JC, Hawn TR. Leprosy and the human
genome. Microbiol Mol Biol Rev 2010; 74: 589-620.

[2] National Center for Biotechnology Information. HP haptoglobin [ Homo
sapiens (human)]. USA: NCBI; 2017. [Online] Available from: https:/
www.ncbi.nlm.nih.gov/gene/3240 [Accessed on 5th November, 2017]

[3] Thomsen JH, Etzerodt A, Svendsen P, Moestrup S. The haptoglobin-



Nigussie Seboka et al./Journal of Coastal Life Medicine 2017; 5(12): 550-555 555

CD163-heme oxygenase-1 pathway for hemoglobin scavenging. Oxid
Med Cellular Long 2013; 2013: 11.

[4] Jelena A, Mirjana M, Desanka B, Svetlana IM, Aleksandra U, Goran
P, et al. Haptoglobin and the inflammatory and oxidative status in
experimental diabetic rats: antioxidant role of haptoglobin. J Physiol
Biochem 2013; 69(1): 45-58.

[5] Mircheva GT. Similarities and differences between haptoglobin in
mammals and PIT 54 in poultry Bulg. J Vet Med 2010; 13: 1-12.

[6] Sadrzadeh H, Bozorgmehr J. Haptoglobin phenotypes in health and
disorders. Am J Clin Pathol 2004; 121: S97-104.

[7]1 Minovi¢ I, Eisenga MF, Riphagen 1J, van den Berg E, Kootstra-Ros J,
Frenay AS, et al. Circulating haptoglobin and metabolic syndrome in
renal transplant recipients. Sci Rep 2017; 7(1): 14264.

[8] Quaye IK. Haptoglobin, inflammation and disease. Royal Soc Trop Med
Hygiene 2008; 102: 735-42.

[9]1 MacKellar M, Vigerust DJ. Role of haptoglobin in health and disease: a
focus on diabetes. Clin Dia J 2016; 34(3): 148-57.

[10] Azarov I, He X, Jeffers A, Basu S, Ucer B, Hantgan RR, et al. Rate of
nitric oxide scavenging by hemoglobin bound to haptoglobin. Nitric
Oxide 2008; 18: 296-302.

[11] Saeed SA, Denning-Kendall PA, McDonald-Gibson W1J, Collier HO.
Human haptoglobin: an endogenous inhibitor of prostaglandin synthase.
In: Willoughby DA, Giroud JP, editors. Inflammation: mechanisms and
treatment. Netherlands: Springer; 1981, p. 285-300.

[12] Wobeto VPDA, Tania RZ, Maria DFS. Polymorphism of human
haptoglobin and its clinical importance. Genet Mol Biol 2008; 31: 602-
20.

[13] Guetta J, Strauss M, Levy N, Fahoum L, Levy A. Haptoglobin genotype
modulates the balance of Th1/Th2 cytokines produced by macrophages
exposed to free hemoglobin. Atherosclerosis 2007; 191: 48-53.

[14] Spierings E, De Boer T, Zulianello L, Ottenhoff TH. Novel mechanisms
in the immunopathogenesis of leprosy nerve damage: the role of
Schwann cells, T cells and Mycobacterium leprae. Immun Cell Biol
2000; 78: 349-55.

[15] Geluk A, van Meijgaarden KE, Wilson L, Bobosha K, van der Ploeg-
van Schip JJ, van den Eeden SJ, et al. Longitudinal immune responses
and gene expression profiles in type 1 leprosy reactions. J Clin Immunol
2014; 34(2): 245-55.

[16] Arredouani M, Matthijs P, Van Hoeyveld E, Kasran A, Baumann H,
Ceuppens JL, et al. Haptoglobin directly affects T cells and suppresses
T helper cell type 2 cytokine release. Immunology 2003; 108: 144-51.

[17] Pinheiro RO, Jorgenilce DSS, Euzenir NS, Elizabeth PS.
Mpycobacterium leprae—host-cell interactions and genetic determinants
in leprosy: an overview. Future Microbiol 2011; 6: 217-30.

[18] Stefani MMA, Martelli CMT, Gillis TP, Group at BLS. In situ type 1
cytokine gene expression and mechanisms associated with early leprosy
progression. J Infect Dis 2003; 188: 1024-31.

[19] Miller S, Dykes D, Polesky H. A simple salting out procedure for
extracting DNA from human nucleated cells. Nucl Acids Res 1988; 16:
1215.

[20] Koch W, Latz W, Eichinger M, Roguin A, Levy AP, Schomig A, et al.
Genotyping of the common haptoglobin Hp 1/2 polymorphism based

on PCR. Clin Chem 2002; 48: 1377-82.

[21] Haftom G. Application of data mining technology in predicting the
seroprevalence of HBV, HCV, HIV; the case of the National Blood
Bank of Addis Ababa, Ethiopia, Addis Ababa University 2011; 124 p.

[22] Saha N, Wong H, Banerjee B, Wong M. Distribution of ABO blood
groups, G6PD deficiency, and abnormal haemoglobins in leprosy. J
Med Genet 1971; 315: 315-6.

[23] Singh G, Ojha D. Leprosy and ABO blood groups. J Med Genet 1967,
4:107-8.

[24] Ahamad S, Mirjada R, Pahan D. Patttern of ABO and RH (D) blood
group among leprosy patients. JCMCTA 2008; 19: 51-3.

[25] Salzano M. Blood groups and leprosy. J Med Genet 1968; 5: 102-6.

[26] Vogel E. ABO blood groups and leprosy. J Med Genet 1968; 5: 56-7.

[27] Gueye P, Glasser N, Ferard G, Lessinger J. Influence of human
haptoglobin polymorphism on oxidative stress induced by free
hemoglobin on red blood cells. Clin Chem Lab Med 2006; 44: 542-7.

[28] Ananthakrishnan R, Walter H, Kellermann G, Matznetter T. Further
studies on associations between leprosy and genetic markers in human
serum. Humangenetik 1973; 19: 183-92.

[29] Hitzeroth H, Walter H, Hilling M. Genetic markers and leprosy in
South African Negroes Part I. Serum protein polymorphisms. S Afr Med
J 1978; 54: 653-8.

[30] Saoji AM, Jariwala HJ, Kelkar SS. Haptoglobin phenotypes in leprosy.
Int J Lepr Other Mycobact Dis 1980; 48: 422-5.

[31] Koda Y, Watanabe Y, Soejima M, Shimada E, Nishimura M, Morishita
K, et al. Simple PCR detection of haptoglobin gene deletion in
anhaptoglobinemic patients with antihaptoglobin antibody that causes
anaphylactic transfusion reactions. Blood 2000; 95: 1138-43.

[32] Wang YR, Yang YH, Lu CY, Chen SH. Utilization of magnetic
nanobeads for analyzing haptoglobin in human plasma as a marker of
Alzheimer’s disease by capillary electrophoretic immunoassay with
laser-induced fluorescence detection. Anal Chim Acta 2015; 865: 76-
82.

[33] Sritharan V, Bharadwaj VP, Venkatesan K, Girdhar BK. Dapsone
induced hypohaptoglobinemia in lepromatous leprosy patients. Int J
Lepr Other Mycobact Dis 1981; 49: 307-10.

[34] Maresca B, Lembo S, Ayala F, Balato N, Di Caprio R, Mattii M, et al.
Understanding the role of haptoglobin in psoriasis: effects of ultraviolet
B. Clin Exp Dermatol 2016; 41(1): 74-80.

[35] Yang H, Wang H, Wang Y, Addorisio M, Li J, Postiglione MJ, et al.
The haptoglobin beta subunit sequesters HMGBI toxicity in sterile and
infectious inflammation. J Int Med 2017; 282(1): 76-93.

[36] Vieira AP, Trindade B, Pagliari C, Avancini J, Sakai-Valente NY, Duarte
Al, et al. Development of Type 2, but not Type 1, leprosy reactions is
associated with a severe reduction of circulating and in situ regulatory
T-cells. Am J Trop Med Hyg 2016; 94(4): 721-7.

[37] Jarduli LR, Sell AM, Reis P, Sippert E, Ayo CM, Mazini P, et al. Role
of HLA, KIR, MICA, and cytokines genes in leprosy. Biol Med Res Int
2013;2013: 17.

[38] Madan N, Kiran A, Ram C. Serum cytokine profile in leprosy and its
correlation with clinico-histopathological profile. Lepr Rev 2011; 82:
371-82.



