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Abstract

Background: The inherited disorders of haemoglobin, particularly the B-thalassaemias and their interaction with
haemoglobin E (HbE) and haemoglobin S (HbS) are a considerable health problem in India. Thalassaemias
produce a low grade anaemia that can cause problems at altitude. Splenic enlargement and worsening of the
anaemia can occur under conditions of stress. Therefore, it is important to screen and detect this condition so that
the aviator may take adequate care to maintain the minimum required haemoglobin levels.

Methods: All aircrew and candidates (both military and civil, males and females) coming to MEC, [AM for medi-
cals over the period of 24 months (Jan 2011-Dec 2012) were analyzed in the study. Subset of cases with normal Hb
levels - the males with Hb <13.5gm% and females with Hb <12 gm% were screened by electrophoresis to detect
the presence of haemoglobinopathies in individuals with borderline normal Hb levels.

Results: A total of 3027 cases were evaluated during the 24 month period. 24 out of 56 screened cases were found
positive for Haemoglobinopathies which includes 23 cases of B-thalassaemia trait and 01 case of Hb S/D/G,

accounting for 42.86% of the screened cases.

Conclusion: Incorporation of Hb electrophoresis for screening of low normal Hb during initial medical would be

helpful in detecting such cases at the earliest.
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Introduction

Anaemia reduces tissue oxygenation and can be
associated with widespread organ dysfunction,
particularly when haemoglobin concentration
falls below 10 g/dl or hematocrit is less than
30%. Work capacity and compensations in
conditions of hypoxia are also reduced in anae-
mia. Therefore, detection of anaemia in aviators
is of great significance and needs to be investi-
gated so as to find the cause. Nutritional anaemia
should be diagnosed and appropriately corrected
and prevented with correct balanced diet. Other

causes like thalassaemias and haemoglobinopa-

thies also need to be diagnosed so that the
aviator may take adequate care to maintain the
minimum required haemoglobin levels.

The inherited disorders of haemoglobin, particu-
larly the B-thalassaemias and their interaction
with haemoglobin E (HbE) and haemoglobin S
(HbS) are a considerable health problem in
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India. Earlier studies have shown that the overall
prevalence of P-thalassaemia in India is 34 %
with an estimate of around 8,000 to 10,000 new

births with major disease each year [1,2]. There
is a variation in the prevalence of haemoglobin-
opathies in different regions and population
groups in the country. The frequency of beta-

thalassaemia trait (BTT) has variously been
reported from <1% to 17% and an overall of
3.3% is stated for India (3). Studies have shown
that certain communities like the Sindhis,
Kutchhi Bhanushalis and Punjabis from Western
and Northern India have a high prevalence of
B-thalassaemia (5—15%) [4,5,6] and some popu-
lation groups from the north eastern regions
have a high prevalence of Hb E (5-50 %) [7,8].
A high frequency of Hb D has been reported
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from the North in the Punjabi population, Hb E
in the eastern region of India and Hb S mainly
reported from populations of tribal origin from
different parts of the country [9]. There have
been no large studies to see the prevalence of
this in our aviators (civil and military).

In general, anemia could also result in lowered
cardiovascular reserve which may not manifest
during the routine day to day activities of the
individual. Anemia, however, may reduce toler-
ance to Aviation stresses like hypoxia, G stresses
and increased physical demand due to fatigue
and interference with diurnal rhythm. It is
important to diagnose the etiology of anemia in
an aviator to differentiate the largely treatable
condition of Tron deficiency anemia from the
innocuous but untreatable Thalassemia Trait
from one of the more sinister causes of anemia
such as an abnormal hemoglobin [10]. The aero-
medical concern in thalassaemias is that it
produces a low grade anaemia that can cause
problems at altitude. Splenic enlargement and
worsening of the anaemia can occur under
conditions of stress. Splenectomy results in a
greater risk of overwhelming infection and of
severe malaria, which can affect an aviator’s
fitness to fly. Hypochromia and microcytosis
due to reduced amount of haemoglobin charac-
terize all forms of Beta thalassaemia. In
heterozygote’s (Beta thalassaemia trait) this is
the only abnormality seen. Most patients with
thalassaemia trait have no symptoms, live
normal life spans and do not require any treat-
ment. Homozygous Beta thalassaemia or
deletions in more than two of the Alfa chains are
almost always severely symptomatic or anemic,
and as such rarely make it into the military. Also,
in these cases clinical severity precludes flying
[11]. Therefore, it is important to screen and
detect this condition, so that the aviator may take
adequate care to maintain the minimum required
haemoglobin levels.

Also, since all ethnic populations are well repre-

sented in our armed forces and civil aviation,
there are many cases of thalassaemia traits and
other haemoglobinopathies. Many of these cases
clear the initial medicals at entry level as their
haemoglobin levels are just within the minimum
required standards. Subsequently, they get
deteécted when the Hb levels fall. At present,
Haemoglobin electrophoresis is not done at
initial medicals if minimum criteria of haemo-

globin concentration (13 gm% in male &
11.5gm% in females) are met with. Our study
was carried out to study the prevalence of thalas-
saemias and haemoglobinopathies in aircrew
and to evaluate the need for incorporation of Hb
electrophoresis for screening of low normal Hb
during initial medical.

Material and Methods

All aircrew (both military and civil, males and
females) coming to MEC, IAM for medicals
over the period of 24 months were analyzed in
the study. The aircrew/candidates coming for
initial issue were also taken as a separate group.
Anaemia was diagnosed in males with Hb level
<13gm% and in females with Hb <11.5gm%.
Subset of cases with normal Hb levels - the
males with Hb <13.5gm% and females with 12
gm% were screened for haemoglobinopathies by
electrophoresis to see the detection of haemoglo-
binopathies in cases of borderline normal Hb
levels. In both the groups nutritional causes were
ruled out by PBS picture and RBC indices.
Cases of microcytic hypochromic and normo-
cytic anaemia were further investigated by Hb
electrophoresis and serum ferritin levels to rule
out iron deficiency.

The Hb electrophoresis was done on the semi-

automated electrophoresis system from Alere
(Helena Biosciences, Europe). Hemolysate of
the sample was prepared and the Hb of the
hemolysate was adjusted to a Hb between
2-3 gm/dl. Very small quantity (35 pl) of
samples of hemolysate prepared from whole
blood is applied to sample tray, by the applicator,
which automatically applies the samples to the
ready to use Alkaline Hb Gel (Agarose in a
Tris/EDTA/Glycine buffer with sodium azide).
The haemoglobins in the sample were separated
by electrophoresis (200 volts, 30 minutes) using
an alkaline buffer (pH 8.2-8.6), and were stained
with Acid Blue Stain. The patterns were scanned
on a scanning densitometer and the relative
percent of each band was determined and inter-
preted as per the manufactures instructions.

The representative electrophoresis gels of
normal & each type of haemoglobinopathies and
their interpretation are depicted in figures as
Figure 1 (A to D). All the results of Hb electro-
phoresis done over the last 24 months were
analysed in this study.

Ind J Aerospace Med 59(2), 2015



Study of Haemoglobinopathies in Aviators: Need of Haemoglobin Electrophoresis during Initial Medical Evaluation

o
» A. NoermalReport
o
-
S | i
-
~
i "_,___..;mﬂ_br
2 - —
5] s 2v3 m2m oe
= v @7 mE B8R
= 7 abw PR )
o =
o
it C.HbS/DIG
»)
g M '
i 3
-
- e e
> =
-
= 2o By Rz R
=3 1oer S ZR =P
= T oms AW 1T LD
L3 A BRI
=3 T

o B. B -Thalessemiatrait
i i
o
= —_
S s e N .
-
- 3
e I mEm Bl
1 kA REE ER_ES
X wR i EBLIR
-
6 E
B ¢
® aFrs @2 O
& T D.HbEIC
b L
o i o
=
-
- S
= =
= iz S99 fHim Reg
s
B 1 »a A ERLED
p z 2t T8 BT
5w

Fig 1. Depicts the representative electrophoresis gels of normal & each type of
haemoglobinopathies and their interpretation (A to D).

Results

A total of 3027 cases (both civil and service)
were screened during the 24 month period. Of
these, 56 cases fitted into our inclusion criteria
of borderline Hb levels. 24 out of 56 cases were
found positive for Haemoglobinopathies (Fig. 2)
which includes 23 cases of B-thalassaemia trait
and 01 case of Hb S/D/G.

Total cases reported = 3027

Total cases screened = 56

Total cases positive = 24

% of screened cases found positive = 42.86%
Point/Period Prevalence (24months) = 0.00793

Fig 2. Percentages of screened cases detected
with Haemoglobinopathies (represented in
blue) and Normal (represented in red)
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All the 24 cases screened, the Hb was low
normal - the males with Hb <13.5gm% and
females with Hb<12 gm% .These cases would
have otherwise cleared the medicals as the Hb
was in the normal range.

An analysis of blood sample of 823 NDA
cadets/direct recruitment from civil for flying
branch was done. Of these 25 cases were
screened and 6 were positive (Fig. 3). Of the 06
positive cases 01 case of Hb S/D/G and 05
B-thalassaemias traits were picked up even
though the Hb levels were above normal values.

All the 24 cases screened, the Hb was low
normal - the males with Hb <13.5gm% and
females with Hb<12 gm% .These cases would
have otherwise cleared the medicals as the Hb
was in the normal range.

An analysis of blood sample of 823 NDA
cadets/direct recruitment from civil for flying
branch was done. Of these 25 cases were
screened and 6 were positive (Fig. 3). Of the 06
positive cases 01 case of Hb S/D/G and 05
B-thalassaemia traits were picked up even
though the Hb levels were above normal values.
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Total pilots reported (military) = 314

Total pilots screened = 12

Total pilots positive = 10

% of screened cases found positive = 83.33 %
Prevalence = 0.0318

Fig 4. Percentages of screened existing pilots
(Military + Civil) detected with Haemoglo-
binopathies (represented in blue) and Normal
(represented in red)

164  initial  civil candidate  reported
(male+female), none came under our inclusion
criteria and so no cases were screened. However
1726 cases of civil pilots (male and female)
came for medicals. In 19 cases, the Hb values
were in the low normal range and were screened.
8 cases were positive for f3-thalassaemia trait

(Fig. 5)
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Total pilots reported (civil) (M+F) = 1726
Total pilots screened = 19

Total pilots positive = 8

% of screened cases found positive = 42.10 %
Prevalence = 0.00463

Fig 5. Percentages of screenmed civil pilots-

(Male + Female) detected with Haemogiobin-
opathies (represented in blue) and Normal
(represented in red)

Discussion
Duﬁng the period of Jan 2011 to Dec 2012, a

total of 3027 samples were analyzed for the
estimation of haemoglobin concentration. Of

these, 56 samples were found to satisfy the
inclusion criteria. On conduction of Hb electro-
phoresis, 24 samples i.e. 42.86% of the samples
screened were found to be positive for Haemo-
globinopathies. The prevalence being 0.70 in the
flying population (both civil and military). This
is much lower than the national data of 2-3 %,
mainly as only screened healthy population
comes for evaluation. The most common
haemogobinopathy detected was B-thalassaemia
trait in 23 cases.

A total of 987 cadets reported for their initial
medical evaluation, 823 of military and 164 of
civil. Of them, 863 were males and 124 were
females. On screening of 25 cadets with Hb
levels as per the inclusion criteria, 06 were found
to be positive for Haemoglobinopathies,
accounting for 24% of the cases screened. This
group included all those individuals detected
with low normal Hb levels during the selection
and the underlying Haemoglobinopathies would
have remained undetected, had they not under-
gone Hb electrophoresis.

A total of 2040 pilots reported for their review
medicals, 314 of military and 1726 of civil. Of
them, 1973 were males and 67 were females. 31
pilots were screened, 18 were found to be
positive for Haemoglobinopathies, accounting
for 58.06% of the cases. All cases had low
normal Hb levels and were screened, and of
which all were detected with B-thallasemia
traits.

A multicentre study conducted by Mohanty et al
had revealed that the prevalence of
B-thalassaemia trait was 2.78% and varied 1.48
to 3.64% in different states of India [12].

Introduction of Hb electrophoresis for screening
cases of low normal Hb has resulted in detection
of 24 cases (23 B-thallasemia traits & 01 Hb
S/D/G) in our study. All these cases were
detected in individuals with low normal Hb, who
would have escaped detection under normal
circumstances. The prevalence of 0.6% in the
initial medicals (civil & military) and 0.88% in
the existing pilots (civil & military) further
substantiates the fact that the pilot population is
composed of individuals healthier as compared
to the general population. Absence of screening
methods such as Hb electrophoresis at the initial
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medical stage results in many of them not
detected during initial medicals and subse-
quently manifest later on.

In B thalassaemia trait, elevated levels of Hb A2
or F (the beta chains being decreased, the alpha
chains combine with gamma and delta chains to
make Hb F and A2) are usually helpful in
confirming the diagnosis. A2 levels however
may decrease in iron deficiency anaemia and
increased levels may be seen in megaloblastic
anaemia. However, in a thalassemia, the Hb
electrophoresis results are usually normal; in this
case, and in cases in which iron study results are
also non-diagnostic, nonspecific tests may help
to differentiate iron deficiency anaemia or anae-
mia of chronic inflammation from thalassaemia.
Free erythrocyte protoporphyrin (FEP) levels are
usually elevated in patients with iron deficiency
or anaemia of chronic inflammation but not with
thallassemia. The soluble transferrin receptors
(sTfR) levels are high in patients with iron
deficiency but not in those with anaemia of
chronic infection or thalassaemia. Globin chain
electrophoresis and DNA analysis is confirma-

tory [13].

As most individuals may never have any symp-
toms during their life span, treatment is usually
not required for this benign hematological disor-
der. Medical waivers for pilots with minor form
of the disorder can be considered favorably as
long as the anaemia is minimal and the patient is
symptom free [14]. These individuals have Hb
levels slightly higher than the lowest cut off
limits for their gender and hence are not
suspected to have any underlying haemoglobin-
opathies. However, on exposure to high
altitudes, this may lead to worsening of anaemia
and make them prone for hypoxia. In addition,
splenic enlargement and worsening of anaemia
can occur in conditions of stress, leading to
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in-flight incapacitation. US Navy Aeromedical
Reference and Waiver Guide also allows flying
provided there are no other haemoglobinopa-
thies present and the acceptable values for hema-
tocrit of 40-52% in males and 37-47% in females
are maintained. However, patients who have
required splenectomy because of their thalassae-
mia are permanently disqualified from military
flying [15]. However, as per Indian Air Force
Publications 4303 4th edition, all candidates
with evidence of hereditary haemolytic anae-
mias (due to red cell membrane defects or due to
red cell enzyme deficiencies) and haemoglobin-
opathies (Sickle cell disease, Beta-thalassaemia :
Major, intermedia, minor, trait, and Alpha thala-
ssaemia etc) are to be considered unfit for
service [16]. In our centre, cellulose acetate
electrophoresis was done for screening. We
could not distinguish between Hb S/D/G due to
unavailability of citrate agar kits at our centre
which would be able to distinguish the above,
However, HPLC being the gold standard for
confirmation of all types of haemoglobinopa-
thies is to be used along with electrophoresis as
screening in all centers where medicals are
carried out.

Conclusion

The present study points towards the presence of
haemoglobinopathies in aviators with even low
normal levels of haemoglobin concentration.
Incorporation of Hb electrophoresis for screen-
ing of low normal Hb during initial medical
along with confirmation preferably by a gold
standard method like HPLC would be helpful in
detecting such cases at the earliest and is recom-
mended in centres where medicals are carried
out. Such screening will prevent the manifesta-
tion of many cases in later stages.
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Table 1. Haemoglobinopathies in Aviators

Haemoglobino

Haemoglobino-

Normal

Reported Screened pathy type Normal pathy% o, Prevalence
24
Total cases 3027 56 (23 B-thal traits 32 42.86 57.14 0.00793
& 01 Hb S/D/G)
Total initial 06
medicals 987 25 (05 B-thal traits 19 24 76 0.0060
(Civ+Mil) & 1 Hb S/D/G)
Military 06
initial 823 25 (05 B-thal traits 19 24 76 0.0073
medicals & 01 Hb S/D/G)
Civil l.lﬂltllal 164 0 0 : ) ) )
medicals
Total pilots 18
(Civ-+Mil) 2040 31 (B- thal traits) 13 58.06 41.94 0.0088
Civil pilots 1726 19 i3 11 42.10 57.89 0.0046
(B- thal traits) B ’ )
Military 10
pilots 314 12 (B- thal traits) 02 83.33 16.67 0.0318
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