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Abstract: Background: Aplastic anaemia (AA) is a severe case of the hematopoietic stem cells
destruction of the bone marrow. The incidence rate of AA is higher in Asian countries; in India,
it has not received the sort of attention till now. Objectives: To assessment of the incidence,
risk factors and clinico-hematological profile of patients suffering with acquired AA (AAA) in
the part of Northern region of India. Materials and Methods: Clinical, hematological, bone
marrow biopsy and socio-economic status analysis were done in details. Results: In this study,
40 cases were diagnosed as AAA as 22(55%) males and 18(45%) females (M:F,1.22:1), with the
age range of 2-72 years. Furthermore, most cases were associated with unprocessed water
consumption (90%) followed by tobacco abuse (52.5%) and pesticides exposure (32.5%). All
cases had low hematological constituents (p<0.05) & marrow cellularity as compared to
normal subjects. Males were affected from severe and very severe AAA at younger ages
(p<0.05) than the females. Overall survival rate was found 66.5% after 2-15 months follow up.
Conclusion: The incidence of AAA is low but case fatality rate is high in this region.
Consumption of unprocessed water, tobacco abuse, exposure to pesticides and chemical
fertilizers may be potentially associated with the incidence of such disease.
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INTRODUCTION

Anaemia, the principal determinant of worldwide ill health, increases susceptibility to infection
and impairs physical capability M World health organization reported in 2005, the prevalence
of anaemia in developed countries is mild (5-19.9%) whereas in developing countries including
India, it was severe (>40) in preschool-age children and pregnant women @A further study
reported in 2008 that India is among the countries with highest prevalence of anaemia in the
world Bl Indian Council of Medical Research reported in 2011 that the prevalence of anaemia is
very high (>80%) in preschool children, pregnant, lactating women, adolescent girls 4,

Aplastic anaemia (AA), first described by Paul Ehrlich in 1888, is a severe case of the progenitor
cells deformities, hematopoietic stem cells destruction and bone marrow failure. Incidence of

[ (7]

AA is more frequent in western countries . However, some cases were observed in France

and Spain &) also. The incidence of AA is higher in Asian countries 51 hut in India, such disease
has not received the much attention till now. The disease has been linked to various factors

including pesticides 2 drugs ¥ chemicals ™, viruses ™!, and non-bottled water ! while
none of study reported association with tobacco abuse including smoking and chewing and
unprocessed water. Textile workers commonly use unspecified chemicals (e.g. dyes, detergents,

polymers) and benzene containing solvents for removing oils, waxes and resins (6171

n
addition, benzene also forms a part of cigarette smoke and crude oils. Hence, exposure to
benzene and its containing solvent is a considerable concern to public health. However, several
chemical pesticides have been banned in most of the countries but many of them are still being
used in India %, In addition, AA disease has been correlated with low socio-economic status

and agricultural background also 8,

Though, a few studies have been published on AA in India [18,19]

epidemology of acquired Aplastic anaemia (AAA). Further, none of the study has been
performed pertaining to Rajasthan, the largest state of India. The present study is designed to

, hone of them has focused on

evaluate the prevalence of the disease, associated risk factors correlating with the socio-
economic status and the clinico-hematological profiles in the patients of AAA in the part of
Northern region of India.

MATERIALS AND METHODS
Study participants

For the present study, patients who had fulfilled the blood count and bone marrow criteria of

1
31 were selected from

the International Agranulocytosis & Aplastic Anaemia Society (IAAAS) [
hematology clinics (i.e. Santokaba Dhurlabhji Memorial Hospital & Research Institute, Sawai
Man Singh Medical College & Hospital and University Health Centre, Jaipur) during the period of

January to December 2013. This study was approved by the Departmental Ethics Committee.
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The written consents were obtained from all the patients for their participation in the study.
Patients with Fanconi anaemia were excluded to focus the entire study on AAA rather than
inherited AA 2% Similarly the patients who received radiotherapy and immunotherapy were
also excluded from the study to avoid radiation induced bystander effects and immunological
systematic suppression effects, respectively.

Clinical analysis

Clinical profiles of all the patients were analyzed in detail. Family history, physical and clinical
examination were recorded. Symptoms of the patients included fatigue and headache,
dyspnoea on exertion, pallor, fever, bleeding from gums and nose, menorrhagia etc were
recorded.

Hematological analysis

Peripheral intravenous blood samples (2 ml) were obtained from the each patient in a vial
containing 0.5 M EDTA. Complete blood counts (CBC) were done by automated haematology
analyzer (Sysmex XT-1800). Hematological constituents included hemoglobin (Hb), total
leucocytes counts (TLC), platelet counts (PC), absolute neutrophil counts (ANC) and absolute
lymphocyte counts (ALC) were observed by adopting standard procedures. Platelet counts
obtained from the counter were confirmed by peripheral blood smear examination.

Bone marrow analysis

Bone marrow aspiration was taken from poster:i
18G’ and processed accord[2i3].n':(grthetassesstnénteofb;orteandard
marrow cellularity and iron stores, aspirates were stained with May-Grunwald-Giemsa and

’

Perl s stain, respectivel vy. The bone marrow
taken from same site bNeedRluep’’ sa nBdo nset aManrerdo wwiBtit
eosin. Interpretation of biopsy material was done according to the cellularity comparison of the

relative proportions of myeloid, erythroid and megakaryocytic cells, other bone elements and

[18,20]

reticulin. On microscopy, all cases were classified as Aplastic marrow , and graded into

three groups as non-severe, severe and very severe according to the criteria as under:
1. Non Severe Aplastic anaemia

A Blood: Neutrophils < 1.5 x10°/L

Platelets < 100 x10°/L

Reticulocytes < 1% (corrected)*
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A Bone marrow: < 30% (Hb <10gm/dl and with two out of three

of the above blood criteria)

2. Severe Aplastic anaemia

A Blood: Neutrophils < 0.5 x10°/L

Platelets < 20 x10°/L

Reticulocytes < 1% (corrected)*

A Bone marrow: < 25% (or 25-50% with <30% residual hematopoietic cells)
3. Very Severe Aplastic anaemia

A Blood: Neutrophils < 0.2 x10°/L

Platelets < 20 x10°/L

Reticulocytes < 1% (corrected)*

A Bone marrow: < 20% (or 25-50% with <30% residual hematopoietic cells)
*9% X actual volume of packed red cells/normal volume of packed red cells

Disease associated factors analysis

ISSN: 2277-8713
IJPRBS

Counseling of each and every patient was done through personal interviews or telephonic

conversations. The information included history of tobacco abuse (smoking & chewing);

exposure to pesticides (household or agricultural), benzene containing solvents, farm fertilizers

(focusing especially on chemicals); source of drinking water; overdose of medical drug

(longtime antibiotic or non steroid anti inflammatory drugs); use of non-medical needle and

other disease history of the patients were recorded to find out the possible etiology and

associated risk factors related to the disease.

Socio-economic status analysis

Socio-economic status was also included to find out the causal relationship with the frequency

of the disease. The occupation based data were recorded from the patients.
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Statistical analysis

The associations between different variable were tested using the Chi square test and Student

t €st. MeantStandard deviation (S.D.), percentages and proportions were also used for
statistical analysis. The significance of the results was computed at the level of p<0.05.

RESULTS

During the study period, a total of 40 cases of AAA, fulfilling the inclusion criteria of IAAAS,
were included for the investigation. Out of these, 22(55%) were males and 18(45%) were
females, with a age range of 2-72 years. The male to female ratio was 1.22:1, and the mean age
was observed as 32.13 and 45.72 years for male and female, respectively.

Most of the cases were observed in age group of 15-24 years (n=14; 35.5%) followed by >60
years (n=10; 25%), 45-59 years (n=8; 20%) and 25-44 years (n=5; 12.5%) is given table 1.
Physical and clinical history of the patients indicated certain symptoms as fatigue and swollen
body parts in 36(90%) followed by dyspnea on exertion in 24(60%), pallor in 19(47.5%), fever in
13(32.5%), bleeding from gums & nose in 9(22.5%) and menorrhagia (heavy menses) in
7(38.8%) cases only in females.

In the present study, 36(90%) cases were associated with unprocessed water consumption
followed by 21(52.5%) with tobacco abuse and 13(32.5%) with pesticides exposure. Incidence
of AAA, according to degree of severity and occupation are shown in the table 2 & table 3,
respectively. Risk factors associated with the patients of AAA, according to sex are shown in
table 4.

Out of 40 cases, all the patients had haemoglobin concentration below 7 gm/dl and
reticulocytes count <0.7%. Eleven (27.5%) cases had mild anisocytosis and poikilocytosis,
9(22.5%) had moderate anisocytosis and poikilocytosis, 3(7.5%) had severe anisocytosis and
poikilocytosis in the form of teardrop cells, 4 (10%) had fragmented RBC while 13 (42.5%) had
no significant abnormalities in peripheral blood film. Further, all cases exhibited significantly
lower (p<0.05) hematological constituents (hemoglobin, platelets, leucocytes, neutrophils and
lymphocytes) as compared to control are given in table 5. Male cases had higher haemoglobin
concentration but lower number of platelets, leucocytes, neutrophils and lymphocytes as
compared to female. The counts of leucocytes, neutrophils and lymphocytes were scored to be
significantly higher (p<0.05) in female than the males are shown in table 5.

Of the 40 cases, 25(62.5%) had normocytic normochromic, 9(22.5%) had microcytic
hypochromic and 6(15%) had macrocytic RBCs in the peripheral blood. Erythropoiesis,
myeloposis and megakaryopoiesis were found to be markedly depressed in all the patients but
there was no evidence of dysplasia in the bone marrow. Trephine biopsy examination revealed
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that bone marrow cellularity was <30% (hypo cellular) in all the patients. Almost all the normal

marrow components shown in figure 1a were replaced by adipocytes shown in figure 1b &
figure 1c. Perl s’ staining showed that iron s
decreased in 13(32.5%) cases shown in figureld.

Figure 1 : Aplastic marrow elements stained with various stains: (a) Bone marrow of the
normal subject (b) Bone marrow trephine biopsy showing adipocytes, occasional
hematopoietic elements and bony trabeculae (hematoxylin and eosin, 400X) (c) Hypocellular
02YS YIFINNRBg | &LANBKGOSNA 2y aKkRAARYOE ( §QEMayt YR S
Grunwald-Giemsastainx nnn-0 ORO 9NBOKNROf |l AGa aK2gAy3a Al
After the follow-up of 2-15 months from January 2013 to March 2014, non-severe patients had

82.35% survival rate followed by severe (69.23%) and very severe (40%) patients shown in
figure 2. However, the overall survival rate was found to be 66.5%.
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Figure 2: 2-15 months survival of the AAA patients after taking appropriate treatment
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DISCUSSION

The total population of the study region was about 15.9 million as mentioned in official
National Census document 2011 °!. Incidence rate of AAA was found to be about 2.5 cases per

million per year in India which is higher as compared to the study performed by IAAAS in

[26

Europe ], France [7], and other western countries but lower than that of the Asian countries

221 shown in table 6. However, a few patients of AAA of this region could not be documented

due to lack of access to appropriate diagnostic facility during the study.

In this study, sex distribution of AAA was found to be 1.22:1, male to female respectively, closer

to previous study in India [18]

, indicating that males are predominately more affected than the
females counterpart in the society in this region. The comparative sex ratio of previous studies

in different countries, during dissimilar time period, suggested that environmental factors may

be influencing the occurrence of this di

obtained in age and sex-specific incidence rates. Mean age, 38.42 (SD+19.96) years, of the
patients in this region indicates that AAA is appeared in fourth decades of the age, which is
higher than the mean age reported in other countries ", Further, mean age of male and
female patients belong to fourth and fifth decade, respectively which indicates that such
disease affected males in younger age as compared to females. Among males, the highest
incidence was found in the age group of 15 to 24-years that was similar to IAAAS [201 study
whereas among females, the highest incidence was found in >60 years of age.

In the present study, two novel factors were noted to be associated with the increased risk of
AAA. Unprocessed water consumption was the most common risk factor linked with the
disease unlike to other Asian studies *!. Most water sources in rural part of Rajasthan are
open wells or ground water, and farmers use such water for drinking and preparation of food.
The water discharged as industrial effluents, containing heavy metals (Ni, Zn, Pb, Cd, Fe etc.),
without any treatment, are also being used by the farmers for irrigation that might have

genotoxic effects on vegetables [27]

, and other products. Consumption of such items is common
in Sanganer area of the Jaipur district from where most of the patients had come. It is assumed
that some of the heavy metals present in the industrial effluents or the vegetables might

adversely influence the hemetopoesis process in the patients.

Tobacco abuse (smoking & chewing) appears to be the second most common risk factor
(72.5%) associated with the disease in the present study. According to American Cancer Society

(2010) smoking may be one of the risk factors to develop AA. The presence of toxic chemical

B4 could alter the

(31]

agents like benzopyrine, nickle carbonil and dimethyl nitrosamine in tobacco

DNA architecture’ *%! leading to bone marrow impairment and blood cells loss
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Males were found to be affected more with various degrees of severity of the disease in
comparison t o p£0©&inthrbughout the2study. . THe ossible reasons are that
males are usually exposed with chemical fertilizers & pesticides in agriculture and with

[27,30]

industrial effluents , Whereas females are commonly exposed to unspecified dyeing &

benzene containing solvents during the household activities.

All the patients had significantly (p<0.05) lower hematological constituents (Hb, TLC, PC, ANC,
ALC) as compared to normal subjects. The bone marrow had scanty cellularity and mainly
consisted of fat cells (i.e. adipocytes). Furthermore, clinical symptoms of the AAA patients were
observed similar to previous studies 8. It reflects that AAA is a hematopoietic blood cells
disorder characterized by hypocellular bone marrow and peripheral blood pancytopenia.

In the present study, farmers were observed to be the most affected (37.5%) with the disease.
Out of 16 cases, most farmers had exposure to chemical fertilizers and pesticides (DDT,
carbamates & organophosphates). Textile workers (20%) coming from Sanganer, where textile
dyeing and printing industries are situated, were exposed with unspecified dyes, thinner, paints
and benzene containing solvents. Most farmers and textile workers, belonged to rural or sub-
urban areas and agricultural backgrounds, with lower socio-economic status and lack of
appropriate education, therefore, they were exposed to multiple risk factors. However, none of
the significant difference was observed with sex specific incidence in different occupations
(x 2 =2. 9 05 Besidespthre Qse d¥ gesticides & chemicals, tobacco and unprocessed water
consumption may have etiological roles in increasing incidence of AAA in our cases. The various
chemicals present in fertilizers, pesticides, printing dyes etc might have induced the genotoxic
effects which in turn may be responsible for the destruction of hematopoetic compartment of
the bone marrow as suggested by the others also [12,1431]

Out of 4 cases of overdose of medical drugs, one female patient had overdose of
chloremphanicol as an unspecified eye capsule, one female had azithromycin for the treatment
of pneumonia, one male and one female had diclofenac sodium as a pain killer. Overdose of
these drugs could also be associated with the bone marrow failure as previously reported in the
earlier studies ¥ .

Two female patients had tattooed their bodies in childhood with different types of inks.
Exposure to non medical needle to form a tattoo could account for infection of circulatory
system s, Hepatitis infection was associated as possible etiological factors in previous studies
[5.10,28] Although, none of the case had evidence of hepatitis infection during the period of
present study. Further, one patient had used improper herbal medicine for weight-gain who
later faced the bone marrow failure disease. However, all such presumed risk factors have
considerable overlapping hence none of the conclusive inference could be drawn. Therefore,
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some studies are required in order to find out whether the various chemical induced mutations

[29]

in the gene encoding telomerase reverse transcriptase enzyme 7, are associated with

occurrence of AAA.

Amongst all the cases, 22% patients died due to severe infection in blood (septicemia) while
13.5% patients died because of late response to immunosuppressive therapy probably due to
severity of the disease & low financial affordability of the patients. The overall survival rate of
the patients was nearly 66.5% after the follow-up of 2-14 months. Disease fatality rate (33.5%)
was evident to be almost similar in this region as the study conducted in France (34% at 1 year
follow up) "), but higher than the studies conducted in other European countries . However,
at the time of diagnosis 241 old age and very severe disease condition had higher chance to
fatal outcomes whereas young age and non-severe or even severe disease condition may be
associated with better prognosis.

CONCLUSION

The study shows that incidence of AAA disease is low but fatality rate is high in North Indian
sub-population as compared to other Asian and European countries. The disease was observed
significantly in males with severe and very severe form at younger ages whereas in females
with non severe form at older age. Disease was dispersed in lower socioeconomic strata of the
society in this region. Consumption of unprocessed water, tobacco abuse, exposure to
pesticides, insecticide and chemical fertilizers may be potentially associated with the disease
incidence and etiology. Tobacco consumption and benzene containing solvents should be
restricted. Patients who were exposed to pesticides, insecticide and chemical fertilizers need to
provide immediate attention. Long term follow-up is required to observe the spectrum and
prognosis of the disease.
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Table 1: Incidence of the acquired aplastic anaemia according to the age and sex

Age Number of cases (n=40) Total (%)

(in years) Male (%) Female (%)

<15 02 (09.09) 01 (05.55) 03 (07.50)

15-24 11 (50.00) 03 (16.66) 14 (35.50)

25-44 04 (18.18) 01 (05.55) 05 (12.50)

45-59 02 (09.09) 06 (33.33) 08 (20.00)

>60 03 (13.63) 07 (38.88) 10 (25.00)

Total 22 18 40

xX2= 10.0048, df=4, p < 0.05 (0.04034)

Table 2 : Degree of severity of acquired aplastic anaemia according to sex

Degree of severity Number of cases (n=40) Total (%)
Male (%) Female (%)

Non severe cases 05 (22.73) 12 (66.67) 17 (42.5)

Severe cases 09 (40.91) 04 (22.22) 13 (32.5)

Very severe cases 08 (36.36) 02 (11.112) 10 (25.0)

Total 22 18 40
. HIT ydnycHXE RFIHYE LI+

Table 3: Incidence of the acquired aplastic anaemia according to occupation

Type of occupation Number of cases (n=40) Total (%)
Male (%) Female (%)

Farmer 10 (45.45) 06 (33.33) 16 (40.0)
Textile worker 05 (22.72) 07 (38.88) 12 (30.0)
Student 03 (13.63) 04 (22.22) 07 (17.5)
Other 04 (18.18) 01 (05.55) 05 (12.5)
Total 22 18 40
X2= 2.905, df =3, p >0.05 (0.406467)

251
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Table4: Risk factors associated with acquired aplastic anaemia

Risk factor No. of cases (n=40) Total (%)
Male (%) Female (%)

Unprocessed water 19 (86.36) 17 (94.44) 36 (90.0)
Tobacco abuse (smoking & chewing) 13 (59.09) 08 (44.44) 21 (52.5)
Pesticides exposure 09 (40.91) 04 (22.22) 13 (32.5)
Farm fertilizers exposure 06 (27.27) 05 (27.78) 11 (27.5)
Textile chemicals 03 (13.63) 06 (33.33) 9(22.5)
Medical Drugs 01 (4.55) 03 (16.67) 4 (10.0)
Other 02 (9.09) 01 (5.56) 3(7.5)

Table 5: Variations in hematological parameters in acquired aplastic anaemia patients

Hematological Parameters Male (n=22) Male (n=10) L) O f
Cases (MeanxSD) Control(MeanSD)
Haemoglobin (g/dl) 6.87+1.23 14.29+1.02 <0.0001
Platelet count (x103K >f 0 25.4018.29 329.0+£78.84 <0.0001
Total leucocyte count (x10% > f 0 2.11+0.51 7.97+1.91 <0.0001
|l 642t dzi S b Sdzi N2 |0.4620.44 4.38+0.41 <0.0001
l 6&a2f dzilS [ @ YLIK2 (1.11+0.48 2.79+0.57 <0.0001
Hematological Parameters Female (n=18) Female (n=10) L) O f
Cases (MeanxSD) Control(MeanxSD)
Haemoglobin (g/dl) 6.41+1.52 13.1+0.72 <0.0001
Platelet count (x103K >f 0 30.77+13.09 343.3+81.87 <0.0001
Total leucocyte count (x10% > f 0 2.57+0.43 6.78+1.28 <0.0001
Absolute Neutrophil O 2 dzy' i 0 0.85%0.55 4.29+0.35 <0.0001
l 0a2fdziS [ & YLIK 2 (1.64+0.48 2.96%0.47 <0.0001
Hematological Parameters Male (n=22) Female (n=18) L) gI €
Cases (MeanxSD) Cases (MeanxSD)
Haemoglobin (g/dl) 6.87+1.23 6.41+1.52 0.305
Platelet count (x10%k > f 0 25.40+8.29 30.77+13.09 0.139
Total leucocyte count (x10°%k > f 0 2.11+0.51 2.57+0.43 0.004
l 6&a2f dzi S b Sdzli NP | 0.46£0.44 0.85+0.55 0.021
l 6&a2f dzilS [ @ YLIK2 (1.11+0.48 1.64+0.48 0.001
MWApplied Student “t’ test, p < 0.05
252
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Table 6: Comparative analysis of the incidences of the aplastic anaemia in different countries

Authors Year Country No. of Agerange* M:F Incidence
cases (in years) rateq|
Levy M et al. (26) 1987 Europe & Israel 168 0-65 0.78:1 2.2
Mary JY et al. (7) 1990 France 250 0-70 1.02:1 1.5
Yong AS et al.(22) 1998 Malaysia 30 0-60 3.40:1 4.8
Maluf EMCP et al. (21) 2002 Brazil 125 0-60 1.32:1 2.4
Issaragrisil S et al. (9) 2006 Thailand 541 0-60 1.01:1 3.7
M Eliane et al. (6) 2009 Latin America 224 2-65 1.17:1 1.6
Montane E et al. (8) 2008 Spain 235 2-65 1.18:1 2.3
Gupta V et al. (32) 2008 India 55 2-16 5.00:1
Ehsan A et al. (10) 2011 Pakistan 82 1-65 1.48:1
Biswajit H et al. (18) 2012 India 38 1-70 1.23:1
Present study 2014 India 40 2-72 1.22:1 2.5
* | f it was not decl ared i %permilipn@aryear oc c u p i
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