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Purpose: Transfusion services and blood centers provide immediate medical evaluation to blood donors by physical examination and
hemoglobin (Hb) screening. Screening for Hb value before every blood donation is mainly aimed to rule out anemia. However, it is not
uncommon to defer the donors for high Hb value which can be due to primary or secondary polycythemia. This study aimed to analyze
the frequency of JAK2V617F mutation among blood donors with a high Hb of >18 g/dl.

Patients and Methods: A prospective study was conducted over a period of 18 months involving blood donors with a persistently
high Hb value of >18 g/dl. Complete blood count (CBC), JAK2V617F gene mutation and Serum Erythropoietin (EPO) levels in study
donors were analyzed. Descriptive statistical analysis was performed using SPSS, version 24 (IBM, USA).

Results: Of 13,798 screened donors, 48 donors (0.34%) had persistent erythrocytosis with a high Hb value of >18 g/dl. Their age
ranged between 20-50 years with a mean of 31.2 + 6.66. The CBC parameters including red blood cell (RBC) count, Hb%, hematocrit
(Hct), white blood cell (WBC) count and the platelet count ranged from 4.35-8.43 million/uL (6.2 + 0.6), 18.6-24.4 g/dl (19 + 0.94),
51.9-83.3% (58 + 5.02), 3.99-10.8 x 103/pL (7.8 £ 1.5), and 120450 x 103/pL (227 + 57.2), respectively. Estimated mean EPO
value was 8.29 mIU/+ 0.04. JAK2V617F mutation was detected in 2 donors (4.1%).

Conclusion: The prevalence of persistent erythrocytosis among blood donors was 0.34% and among them, two donors (4.1%)
harbored the JAK2V617F mutation. Thus, blood centers play an important role in the primary screening of donors with high
hemoglobin leading to early detection and management of polycythemia vera (PV).
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Introduction
Blood donation is an important part of healthcare all over the world and is a life-sustaining and life-saving procedure.
More than one hundred million units of blood are donated each year all over the world."! Blood donors have to undergo
their hemoglobin (Hb) values being checked before every blood donation to rule out anemia, which is the most frequent
cause of a temporary deferral. However, it is not uncommon to observe Hb values above or near the upper limit of the
normal reference range.”

Erythrocytosis is defined as an increase in the number of erythrocytes in the whole blood. Erythrocytosis refers to
a red blood cell (RBC) count above the sex-specific normal range.” It is suspected when the individual presents with a Hb
>16.5 g/dl in men and >16.0 g/dl in women or hematocrit (Hct) >49% in men and >48% in women or an increase in red
cell mass (RCM) of >25% above the mean predicted value.* Erythrocytosis and polycythemia are frequently used
synonymously. The term polycythemia refers to a group of disorders, typically characterized by persistent elevation in
packed cell volume (PCV) due to an increase in the number of RBCs in the peripheral blood circulation.’
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Erythrocytosis can be classified into relative or absolute. Relative erythrocytosis occurs due to a decrease in the
plasma volume and absolute erythrocytosis is due to an increase in RCM.® The etiology for an absolute erythrocytosis
can be further subdivided into primary (low erythropoietin) and secondary causes (high erythropoietin). Primary causes
are due to intrinsic problems in the bone marrow which leads to an increase in erythroid production. The primary causes
can be further subdivided into congenital and acquired. Secondary causes are due to physiological or pathological
processes, outside the bone marrow which leads to the accelerated process of erythropoiesis by means of increased
erythropoietin secretion; these conditions can also be further subdivided into congenital and acquired.’

High Hb may be a sign of an underlying disease and can pose a risk for vascular accidents and investigations must be
performed to rule out the primary disease.® Studies suggest that some blood donors with erythrocytosis may have hidden
pathologic conditions like polycythemia vera (PV). Studies have shown that the JAK2V617F mutation has been detected
in about 65-97% of patients with PV.> Based on these findings, the first step in the algorithm proposed for diagnosing PV
in cases with erythrocytosis is the screening for the JAK2V617F mutation.” Thus, this study aimed to analyze the
frequency of the JAK2V617F mutation among blood donors with high Hb >18 g/dl. The study will contribute to the
screening of blood donors, to detect or diagnose the medical problems associated with high Hb values. Since there is
a paucity of data available on blood donors with erythrocytosis in India, it is hoped that the results of this study can be
used as one of the referral data for future research.

Materials and Methods
Study Design and Setting

A prospective exploratory study to analyze the JAK2V617F mutation among blood donors with high Hb was conducted
in the department of Transfusion Medicine and Blood Center of an 1800 bedded university teaching hospital of southern
India between November 2019 to May 2021 (18 months). The study was reviewed and approved by the institutional
ethical committee of JSS Medical College, JSS Academy of Higher Education and Research in accordance with the
Declaration of Helsinki. (Reference:- IEC-419/2019). Written informed consent was obtained from all individual
participants included in the study.

Inclusion and Exclusion Criteria

Blood donors with persistent erythrocytosis of Hb >18 g/dl were included in the study. Donors with erythrocytosis who
did not have Hb >18 g/dl following repeat blood count after 3 months or those who did not follow up were excluded from
the study.

Study Methods

All the donors coming to the blood center during the study period were subjected to pre-donation counseling and
screening tests for fitness as per the departmental standard operating procedure (SOP) for donor selection. This SOP is
written with reference to the Drugs and Cosmetics Act (the rules thereunder) and supplemented by the Directorate
General of Health Services and National AIDS (Acquired Immune Deficiency Syndrome) Control Organization (NACO)
guidelines, including their amendments.”® During the screening process the donors were evaluated by entering details in
donor registration cum consent forms which included a questionnaire, a brief physical examination by a medical officer
followed by Hb estimation. Hb estimation was performed by an automated hematology analyzer (Sysmex XN-1000) and
recorded.

As per the SOP of donor deferral, donors with a high Hb value (>18 g/dl) were temporarily deferred and counselled.
A detailed history was taken from donors with emphasis on their history of smoking, alcohol consumption and travel to
high altitude. All donors deferred due to high Hb were followed up for repeat complete blood count (CBC) after 3
months. During the follow up, donors with Hb >18 g/dl were enrolled in the study (Figure 1) and written informed
consent was obtained from the donors by the investigators. Venous blood samples (3 mL in ethylenediamine tetraacetic
acid (EDTA) vacutainer and 3 mL in plain vacutainer) were collected for the JAK2V617F mutation study and
erythropoietin (EPO) assay from the donors meeting the inclusion criteria.
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Figure | Algorithm showing the recruitment of study population.

The EDTA samples from the donors were centrifuged and the buffy coat was separated. Deoxyribonucleic acid
(DNA) was extracted from the buffy coat sample using the DNA extraction kit manufactured by Spinstar Total DNA kit
(ADT Biotech Sdn Bhd, Selangor DE, Malaysia) as per the kit instructions and stored at —80 °C till further use. A blood
sample from a known PV patient with JAK2V617F mutation was selected as a positive control for the RT-PCR study.
Serum was separated by centrifugation of clotted blood sample and stored at —80 °C for EPO estimation. The donor DNA
samples were subjected to JAK2V617F mutation testing by the OncoscreenT JAK2V617F Mutation Detection Kit from
the manufacturer Mylab Discovery Solutions (Maharashtra, India). EPO level was detected using the ELISA method
from the manufacturer Biomerica (California, United States of America) according to the kit instructions. The EPO
normal range was taken to be 3.22-31.9 mIU/mL. The CBC of randomly selected 200 donors not meeting the inclusion
criteria were analyzed as controls.

Statistical Analysis

The obtained data was entered into MS Excel. SPSS computer program version 24 was used for statistical analysis.
Descriptive statistical analysis was used for frequency of the CBC parameters of donors with persistent erythrocytosis.
Independent sample #-test was used to compare the CBC parameters between patients with a sustained erythrocytosis and
randomly selected normal donors. A p-value of less than 0.05 was considered statistically significant.

Results

A total of 13,798 blood donors were screened during the study period and among them a majority (98.8%) were men. Of
the screened donors, 962 (6.9%) donors were deferred from donating blood for various reasons like low Hb, high Hb,
consumption of alcohol, hypertension and medical reasons like cold, fever, dengue, asthma in decreasing order of
frequency. High hemoglobin value (Hb >18 g/dl) was noted in 185 (1.3%) deferred donors and a majority of them
(99.4%) were male donors. Among 185 donors, their history of smoking, alcohol intake and decreased intake of water
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Table | Descriptive Statistics of Donors with Persistent
Erythrocytosis

n =48 Range Mean £ SD
Age in years 20-50 31.2 £ 6.66
RBC count in millions/microliter 4.35-8.43 62+ 0.6
Hb value in g/dI 18.6-24.4 19 £ 0.94
PCV in % 51.9-83.3 58 + 5.02
MCV in fl 85.1-126 94.8 £ 7.94
MCH in pg 26-41.8 309 +24
MCHC in g/d| 29.2-35.5 328+ 1.2
WBC count in x 10%/uL 3.99-10.8 78+ 1.5
Platelet count in X 10°/uL 120450 227 + 572

throughout the day was noted in 27%, 25%, and 13% respectively. None of the donors had a history of heart or
respiratory diseases, abnormal bleeding tendencies, sleep disorders or any drug intake.

Among the 185 deferred donors, 48 (25.9%) had persistent erythrocytosis on follow up and their samples were
analyzed for the JAK2V617F mutation. The descriptive statistics of the 48 subjects with persistent erythrocytosis is
shown in Table 1. Of the 48 cases, two cases (4.1%) harbored the JAK2V617F mutation (Figure 2). Their serum
EPO levels ranged from 1.29-22.46 mIU/mL and the mean EPO was 8.75 mIU/mL with a standard deviation (SD)
of 2.67. Comparison of hematological parameters between donors with persistent erythrocytosis (48 cases) and
randomly selected healthy donors showed statistically significant differences in Hb, packed cell volume (PCV),
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentra-
tion (MCHC) and platelet count values (Table 2). The details of the two donors with JAK2V617F mutation are as
shown in the table (Table 3).
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Figure 2 Detection of the JAK2V6|7F mutation in blood donors with persistent erythrocytosis by RT-PCR method. Amplification plot | corresponds to JAK2V6|7F mutant
positive control provided in the kit. Amplification plot 2 and 3 corresponds to positive JAK2V617F mutation in the donors studied. Amplification plot 4 represents the
positive JAK2V6|7F mutation in a known case of PV. Amplification 5 represents negative JAK2V617F mutation in the donors studied.
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Table 2 Complete Blood Count Parameters of Donors with Persistent Erythrocytosis
and Healthy Blood Donors

Donors with p-value | Healthy blood donors
persistent
erythrocytosis
n = 48 (mean % SD) n = 200 (mean * SD)
Age in years 31.2 £ 6.66 0.079 29.2 7.3
RBC count in million/mcl 789+ 15 0.746 78+ 34
Hb in g/dI 19 £ 0.94 <0.001 16.1 £ 3.2
PCV in % 58 + 5.02 <0.001 49 +£29
MCV in fl 94.8 £ 7.86 <0.001 87 +8
MCH in pg 309 + 24 <0.001 29.4 2.3
MCHC in g/d| 328+ 1.2 <0.001 33523
WBC Count x 10%/uL 78+ 1.5 0.477 82+28
Platelet Count x 10%/uL 227 + 572 <0.001 275+ 61.8

Table 3 Details of Donors with Positive JAK2V617F

Mutation
Case | Case 2

Age in years 36 24

RBC count in million/mel | 5.91 5.63

Hb in g/dl 18.7 20.2

PCVin % 579 57

WBC Count x 10*/uL 6.0 9.35

Platelet Count x 10%/uL | 193 222

EPO level 876 mlU/mL | 11.37 mlU/mL

Discussion
Donor screening at blood centers is conducted in accordance with the Drug and Cosmetic Act (D&C act) regulations, as well
as national standards, to protect the safety of the donor, and to ensure the safety, purity and potency of the blood collection.’
Strict donor selection and deferral criteria are followed at the time of screening. The deferral rate of blood donors during pre-
donation screening in the study period was estimated as 6.9%. Studies on donor deferrals conducted all over the world
showed a deferral rate ranging from 5.19-35.6%."° The blood donors during pre-donation screening were deferred due to
various reasons and the most common cause for the donor deferral is low Hb as noted in various studies."' '* A high
percentage of donor deferrals are due to high Hb (0.5%) as noted in our previous study, which prompted us to study the
JAK2V617F mutation among the blood donors with high Hct levels to diagnose the underlying disease.''

With the change in the criteria to diagnose PV as per “The 2016 WHO classification and diagnostic criteria for
myeloproliferative neoplasms” the two important major criteria are high Hb value (Hb of >16.5 g/dl in men and Hb

>16.0 g/dl in women) and presence of the JAK2V617F mutation.* As per the guidelines bone marrow biopsy may not
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be required in cases with sustained absolute erythrocytosis of Hb levels of 18.5 g/dl in men or 16.5 g/dl in women.*
As per the institutional SOP, the Hb cut off of more than 18 g/dl was the criteria to defer the donors. Accordingly,
1.3% of the total screened donors were deferred due to high Hb (>18 g/dl). The donor deferral rate due to high Hb in
the present study was comparable to the studies done by Tagariello et al* (0.9%), Hatami et al'® (1.23%) and Al-Nuri
et al'® (1.6%). In contrast to our study, studies done by Arslan et al'’ (0.4%), Kandasamy et al'? (0.39%), and by
Magnussen et al'® (0.1%) had a lower rate of donor deferrals due to High Hb. Studies by Kamaruzzaman et al’
(7.8%) and Birjandi et al'® (2.4%) had a higher deferral rate due to a high Hb value. Although there is a precise cut-
off for low Hb value (<12.5 g/dl), as per WHO and American Association of Blood Banking (AABB) for donor
deferral, there is a lack of precise upper limit cut-off for Hb. Every blood center has to set its own ranges for blood
donation parameters.”’ The wide variation in donor deferral due to high Hb can be attributed to the different methods
used in the estimation of Hb value. Many blood centers in India use the copper sulfate method for Hb detection which
does not have the competency to distinguish between normal and high Hb levels.'* Hence use of the automated
hematology analyzers which gives an accurate Hb value has to be encouraged in blood centers.

It is important to distinguish between PV and secondary polycythemia which is a complicated task due to various
clinical profiles, evolution of the disease, and therapeutic implications.”! PV should be worked up by subjecting the
patients to JAK2V617F mutation.”? JAK2V617F mutation is one of the major criteria as per “The 2016 WHO
classification and diagnostic criteria for myeloproliferative neoplasms”.* In the present study, persistent erythrocytosis
was noted in 48 donors and among them 2 cases (4.1%) tested positive for the JAK2V617F mutation. The prevalence of
JAK2V617F mutation in donors with a Hct level above the upper limit of normal was estimated to be 1% and 2.1% in the
studies performed by Tagariello et al,> and Magnussen et al,'® respectively. Kamaruzzaman et al® did not find any
donors positive for mutation test among the donors with erythrocytosis. Rubaie et al*® noted a higher prevalence of
21.3% blood donors positive for JAK2V617F mutation.

The JAK2V617F negative cases also have to be evaluated extensively for causes of secondary erythrocytosis. One of
the common causes of relative erythrocytosis is dehydration due to decreased intake of water or hot weather.” Most of our
blood donors claimed adequate intake of water, but this may not be true because India is a tropical country with a high
daytime temperature, during which most of the blood donors were screened. Patients, who do not fall into the category of
PV or secondary polycythemia, are grouped into idiopathic erythrocytosis, which is a diagnosis of exclusion and
a substantial number of cases fall into this category.?*

In the present study, the 2 cases with JAK2V617F mutation had serum EPO levels in the normal range. Subnormal
EPO is a minor criterion in the diagnosis of PV.* Studies have documented subnormal EPO levels in patients with PV, but
a low EPO level is not pathognomonic of PV.*> Normal EPO levels were estimated in 20% and 32% of polycythemia
patients by Vannucchi et al*® and Lupak et al*’ respectively. Thus, the normal serum EPO level does not exclude PV and
a subnormal serum erythropoietin level is not specific for the diagnosis of PV.?*?’

Blood donors with erythrocytosis have to be subjected to further investigations after ruling out causes of secondary
polycythemia. PV has to be ruled out in donors with persistent erythrocytosis. Diagnosing PV via JAK2V617F mutation
testing directs the donors in need to access proper treatment before the onset of thrombosis and other complications
which can decrease their lifespan.

Limitations

The sample size was small hence results must be validated in a larger scale study. Exon 12 mutation analysis could not be
performed; hence we could not rule out PV in the 46 cases. Bone marrow examination could not be performed on the
JAK2V67F mutation-positive cases.

Conclusion

Blood donation is a valuable and indispensable component saving millions of lives all over the world. Hematological
evaluation of all blood donors is a mandatory process in blood centers to ensure donor safety. Donors with persistent
polycythemia could have hidden pathologic conditions like PV. These donors should be thoroughly evaluated and tested
for JAK2V617F mutation along with serum EPO levels and bone marrow examination. The prevalence of persistent
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erythrocytosis among blood donors was 0.34% and among them, two donors (4.1%) harbored JAK2V617F mutation.

This study highlights the role of the blood centers in the identification of potential PV cases, refer them for further

evaluation and thus play an important role in advancing preventive medicine.
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The authors report no conflicts of interest in this work.
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