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Abstract
Introduction: The HLH-2004 trial established the diagnostic criteria for hemophagocytic lymphohistiocytosis (HLH), 
a severe hyperinflammatory condition. It typically develops due to inappropriate macrophage activation.
Our objective was to assess the spectrum of hemophagocytic syndrome presentations by identifying hemophagocytic 
activity in the bone marrow, and to unravel the etiopathogenesis of this condition.
Material and methods: A retrospective study was carried out in the Department of Pathology in a tertiary care hospital 
reporting the clinical and laboratory findings of patients who had been previously diagnozed with hemophagocytosis in 
the bone marrow. The parameters in the diagnostic criteria of HLH of the same patients were documented and analyzed.
Results: The characteristics of the 32 patients who presented with hemophagocytosis in the bone marrow were docu-
mented. Persistent fever was the most frequent presentation. Mild to moderate anemia (69%), severe leucopenia (59%), 
and mild to moderate thrombocytopenia (63%) were other frequent findings. The incidence of primary HLH was found 
to be only 3%; 87% had hyperferritinemia, 78% had bicytopenia, 59% had hypertriglyceridemia, and 53% had spleno-
megaly. Infections followed by malignancies were shown to be the most frequent cause of secondary HLH, while the 
prognosis for malignancy-associated HLH appeared to be poor.
Conclusions: Based on the findings of this study, conclusions about the clinical symptoms and etiologies of HLH may be 
drawn, which will assist in early identification. Hence, all subjects with a clinical suspicion of HLH should be thoroughly 
investigated for a possible etiology.
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Introduction

Hemophagocytosis is a pathological disease in which ac-
tivated macrophages phagocytoze bone marrow cellular 
components (erythrocytes, leukocytes, platelets, and their 
progenitors) [1, 2]. Hemophagocytic syndrome (HPS), also 
known as hemophagocytic lymphocytic lymphohistiocyto-
sis (HLH) is a rare, potentially fatal condition of immune 
dysregulation due to failure in making a timely diagnosis 
and appropriate treatment [3–6]. It describes a spectrum 

of enhanced macrophage activity as a result of a cytokine 
storm and multi-organ failure, as measured by certain 
laboratory markers (i.e. elevated ferritin, triglycerides, 
soluble CD25, transaminases, lactate dehydrogenase, and 
fibrinogen) [3, 5, 7].

Although HLH has been observed in people of all ages, it 
is most frequent in children and young adults [8]. It is usu-
ally split into two categories: primary/familial HLH (fHLH) 
and acquired/secondary HLH. Primary HLH is a condition 
that affects children and is caused by a hereditary defect 
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in natural killer and T-cell cytotoxic activity [9]. Secondary 
HLH is most common in adults, with average age at diagno-
sis being 48 to 50 years. Infection, cancer, immunological 
insufficiency, and rheumatological diseases are the most 
common causes of secondary HLH [3–5, 7].

Hyperpyrexia, spleen enlargement, and pancytopenia 
are clinical features of HLH, whether primary or second-
ary [4, 6]. Rashes, liver dysfunction, hyperferritinemia, 
hypertriglyceridemia, coagulation problems, and renal 
insufficiency are some other clinical manifestations. The 
pathognomonic hallmark of HLH is the presence of he-
mophagocytosis in the bone marrow, lymph nodes, spleen, 
or liver [10]. The liver and spleen are the most commonly 
affected organs. The lungs, intestines, kidneys, and skin 
are also organs that are regularly implicated. The progno-
sis for certain individuals with neurological disorders is 
exceedingly dismal [11]. In 1994, the Histiocyte Society 
published therapeutic recommendations for the treatment 
of HLH, and in 2004 a revised set of diagnostic criteria 
was released. Diagnostic criteria with their clinical and 
laboratory features have been previously established in 
the literature [4].

The objective of this study was to determine the range 
of hemophagocytic syndrome presentations by identifying 
hemophagocytic activity in the bone marrow and correlat-
ing it with clinical and biochemical parameters found in 
HLH. Since the patient’s overall prognosis is determined 
by prompt diagnosis and treatment, the current study also 
aimed to demonstrate the etiopathogenesis of this disor-
der, which can play a key role in determining the patient’s 
prognosis.

Materials and methods

This retrospective study was conducted in the Department 
of Pathology in a tertiary care hospital which reports the 
clinical observations and laboratory findings of individuals 
who have presented with hemophagocytosis in the bone 
marrow. Thirty-two individuals who had visited the depart-
ment in the past, irrespective of age, sex, or health status, 
were incorporated into the present study.

Patient requisition forms, the hospital information sys-
tem, and discharge summaries were used to collect clini-
cal and laboratory data for each patient. The patient’s age, 
fever, splenomegaly, peripheral blood counts, triglycerides 
levels, fibrinogen levels, ferritin levels, bone marrow find-
ings, and examinations pertinent to the underlying pathol-
ogy of hemophagocytosis were all recorded.

Bone marrow aspiration and trephine biopsy were per-
formed under aseptic conditions and local anesthesia. 
A smear was prepared using the squash technique and 
stained with Giemsa stain. The trephine samples of bone 
marrow were sent to a histopathology facility in 10% neu-
tral buffered formalin. These biopsies were decalcified with 

pH 7.6 aqueous ethylene diaminetetraacetic acid (EDTA). 
The blocks were processed, and sections were taken for 
hematoxylin and eosin (H&E) staining and immunohisto-
chemical marker (IHC) studies. All tests for viral markers 
[including Epstein-Bárr virus (EBV), and cytomegalovirus 
[CMV]) were conducted pertaining to the clinical presen-
tation of the patients.

With the Institutional Human Ethics Committee, PSG In-
stitute of Medical Sciences & Research (IMS&R) approval 
(Project No. 15/394), the present study was conducted and 
carried out as per the ICH-GCP/ICMR/Schedule Y guide-
lines. Statistical analysis was carried out using Statistical 
Package for Social Sciences (SPSS) software. Results were 
presented as mean, frequency, and percentages.

Results

The characteristics of 32 subjects who presented with 
hemophagocytosis in the bone marrow were documented. 
These included age, fever, splenomegaly, and laboratory 
parameters such as blood counts, ferritin, triglyceride, and 
fibrinogen levels.

Out of the total number of patients incorporated in 
our study, 59% were males and 41% were females; 62% 
were ≥18 years and 38% were <18 years. The mean age 
was 30.7 years.

The clinical and laboratory observations of the subjects 
according to the HLH-2004 criteria were extracted from the 
medical records and were analyzed (Figure 1). At diagno-
sis, all patients (100%) had a fever, 87% had hyperferritin-
emia, 78% had bicytopenia, 59% had hypertriglyceridemia, 
53% had splenomegaly, and 31% had hypofibrinogenemia.

Figure 1. Clinical and laboratory observations of patients accord-
ing to Hemophagocytic Lymphohistiocytosis-2004 criteria
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Grading of cytopenias
Figure 1 shows that 78% of subjects presented with bicy-
topenia. The hematological parameters were again graded 
according to their severity [12].

Observations of the subjects according to the grade 
of severity of the hematological parameters are set out 
in Figure 2.

Bone marrow trephine
About 19% of the participants had hemophagocytosis in 
both the bone marrow aspirate and the trephine, whereas 
the remaining 81% had hemophagocytosis solely in the 
bone marrow aspirate. No patient tested positive for tre-
phine but negative for bone marrow aspirate. IHC marker 
CD68 was used to indicate hemophagocytic activity in the 
bone marrow trephine (Figures 3A, B).

Types of HLH
In the present study, 3% of subjects (one case) had primary 
HLH (associated with Cheidiak Higashi syndrome) and the 
remaining 97% had secondary HLH. Abnormal granules in 
leucocytes and hemophagocytosis in the same subject is 
represented in Figures 4A, B.

Etiology
Infection was the most prevalent cause of HLH in this study, 
accounting for almost 70% of the participants. Bacterial 
infections accounted for 55%, viral infections for 28%, par-
asitic infestations for 9%, and fungal infections for 4%. The 
causal bacterium could not be isolated in the remaining 
4% of cases. Tuberculosis was the most common infection, 
accounting for 23% of those infected. Disseminated sep-
sis was the second most prevalent cause, accounting for 
19% of cases. Typhoid fever accounted for 15%, dengue 
fever, also known as scrub typhus, accounted for 9%, 
and human immunodeficiency virus (HIV) accounted for 
another 9%. Hepatitis A, nocardiosis, viral pneumonia, 
and pyrexia of unknown origin (PUO) each accounted for  
4% of the total.

Neoplasms associated with HLH
After infections, neoplasm-associated HLH was the most 
common cause of hemophagocytosis, accounting for 16% 
of all patients. Lymphomas accounted for 40% of the HLH 
linked with neoplasms. (Figures 5A, B).

Non-lymphoma Hodgkin patients made up roughly 6% of 
the total. The remaining 3% of patients had myelofibrosis, 

Figure 2. Grading of cytopenias and their percentage of presentation in subjects with hemophagocytic lymphohistiocytosis; WBC — white 
blood cells
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multiple myeloma, myelodysplastic syndrome, aplastic 
anaemia, Kikuchi Fujimoto Disease, Chediak Higashi Dis-
ease, or systemic lupus erythematosus.

Twenty per cent of subjects had a diagnosis of multi-
ple myeloma. Myelodysplastic syndrome and myelofibrosis 
(Figure 6) each accounted for 20%.

Deaths associated with HLH
Nineteen per cent of the total participants in this study had 
an extremely unstable clinical course, which culminated 
in their deaths. Sepsis was responsible for 32% of the 
fatalities related to HLH. Scrub typhus, hepatitis A, diffuse 
large B-cell lymphoma (DLBCL), and multiple myeloma (MM) 
each accounted for 17%.

Figure 3. Hemophagocytosis in trephine (A) highlighted using immunohistochemical marker CD68 (B)

A B

Figure 4. Abnormal granules in cytoplasm of white blood cellss in peripheral smear of individual with Chediak Higashi syndrome: A. Within 
neutrophil; B. Hemophagocytosis in one marrow of same individual, in Giemsa 100×

A B
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Discussion

HLH is a syndrome, not a specific disease, that can manifest 
itself in a variety of circumstances. The incidence of HLH 
is estimated to be 1 in 100,000 live births [3].

The purpose of this study was to determine the range of 
hemophagocytic syndrome presentations and to elucidate 
the varied etiopathogenesis of HLH. Awareness of the vari-
ous etiologies of this important condition will go a long way 
toward ensuring prompt diagnosis and treatment.

59% of the total individuals in the study were males, 
while 41% were females; 62% were adults (18+ years), 
while 38% were in the paediatric age group (0-17 years). 
The average age of the participants was 30.7 years. These 

findings are almost identical to those of Iqbal et al. [12], 
who found that the average age of HLH presentation was 
30.8 years. In our investigation, there was no significant dif-
ference between the presentations of males and females, 
and this again was similar to the findings of Iqbal et al. [12].

In the diagnostic criteria, fever was the common clinical 
presentation in our study. Fever was the most prevalent clin-
ical manifestation, according to the diagnostic criteria. This 
was in accordance with George et al. [13] and Otrock et al., 
[10] who observed that almost 100% of HLH subjects present-
ed with fever. Iqbal et al. [12] stated that 65.2% of patients 
presented with fever, which was less than in our study. It may 
be inferred that the most prevalent symptom of HLH is a pro-
longed and persistent fever that is refractory to treatment.

In this study, splenomegaly was seen in 53% of sub-
jects. This result approximately correlates with Fardet et 
al. [14], where splenomegaly was seen in 65% of patients, 
whereas Iqbal et al. [12] observed splenomegaly in 37.2%. 
In contrast to this, George et al. [13] stated that spleno-
megaly was present in 100% of individuals with primary 
HLH and in 80–90% with secondary HLH. Iqbal et al. [12] 
graded the cytopenias and gave percentages accordingly.

George et al. [13] observed cytopenias in 80%; in line 
with this, 78% of subjects in our study presented with bi-
cytopenia.

The level of ferritin in macrophages is a good predic-
tor of their phagocytic activity [15]. Hyperferritinemia was 
discovered in 87% of the individuals in our study, which 
matches the findings of George et al. [13], who reported 
hyperferritinemia in 70–90% of patients, whereas Chan-
dra et al. [2] found it in only 40%.

In this study, hypertriglyceridemia was detected in 
59% of HLH cases, whereas George et al. [13] found 

Figure 5. Hemophagocytosis (A) in subject with atypical lymphoid cells (B) in bone marrow diagnosed to be diffuse large B-cell lymphoma, 
in Giemsa 100×

Figure 6. Bone marrow trephine of patient with myelofibrosis in 
reticulin stain 40×

A B
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hypertriglyceridemia in 40% of patients and Chandra et 
al. [2] found abnormal lipid levels in 45% of cases. In the 
studies by George et al. [13] and Chandra et al. [2], 40% 
of participants presented with hypofibrinogenemia. In con-
trast with this, in our study, fewer (31%) cases presented 
with low fibrinogen levels.

IHC marker CD68 was utilized by Caleb Ho et al. to iden-
tify hemophagocytosis in bone marrow samples. This im-
proved sensitivity allowed the assessment of hemophago-
cytic activity in trephine biopsies [16]. In contrast to this, 
using the marker CD68 on trephine biopsies did not im-
prove the sensitivity of identification of aberrant phagocytic 
activity in our study.

HLH is divided into two groups: primary HLH and sec-
ondary HLH. Primary HLH is mostly seen in children of less 
than one year of age. Primary HLH accounts for 25% of the 
HLH presenting in the pediatric age range, according to 
Zhang et al. [17]. HLH was observed in 38% of the pediatric 
age group in our study. In contrast to this, the percentage 
of individuals with primary HLH was just 3%. This is due to 
a lack of equipment for diagnosing genetic alterations, as 
well as the study population’s financial restrictions.

In this study, infection was the common cause of sec-
ondary HLH, accounting for 70% of the total cases. George 
et al. [13] reported a 50% infection-related HLH, while 
Chandra et al. [2] reported a 13% infection-related HLH. 
Though the percentage of cases varied, infection-related 
HLH was the most prevalent cause of secondary HLH in 
all three studies.

Typhoid, according to Non et al. [18], is an extreme-
ly uncommon cause of HLH. In this study, typhoid was 
found in 15% of the infection-associated HLH patients. In 
our investigation, dengue and HIV-associated viral infec-
tions were found to be more prevalent, accounting for 9% 
of all instances of hemophagocytosis. Malaria was shown 
to be the most frequent parasite illness linked with HLH 
by Chandra et al. [2]. Scrub typhus, on the other hand, 
was the most frequent parasite infection in the current 
research (9%).

The second most prevalent etiological factor for second-
ary HLH, according to George et al. [13], Zhang et al. [17], 
and Hust et al. [19], is neoplasm-associated HLH (both he-
matological and non-hematological). Of the malignancies, 
lymphoma was common in all the studies. In the present 
study, 16% of cases were due to malignancies (both he-
matological and non-hematological).

There are a few limitations to our present study. Firstly, 
this was a retrospective study based on case selection cri-
teria and diagnosis coding in medical records. Since many 
patients were lost to follow-up, information on therapy re-
sponse and prognosis of the subjects was not accessible. 
The procedures for assessing NK cell activity and CD25 lev-
els were not accessible at the research institution, and 
hence those parameters were not examined. There were 

also no resources for molecular diagnosis of mutations as-
sociated with primary hemophagocytic lymphohistiocytosis, 
which may have contributed to the lower incidence of pri-
mary HLH (3%) in the current research when compared to 
other investigations [20].

Conclusions

A confirmed diagnosis of HLH is based on a comprehensive 
examination of patients in a clinical setting. Conclusions 
on the clinical symptoms and etiologies of HLH may be 
drawn from this study, which will assist in early diagnosis. 
As a result, all individuals with a clinical suspicion of HLH 
should be thoroughly investigated for a probable etiology. 
For early diagnosis and therapy, a complete and detailed 
examination of the bone marrow of individuals suspected 
of having HLH is required. As a result, further research 
is needed to increase awareness of this condition, and 
enhance the efficacy of the current treatment regimen.

Authors’ contributions
The manuscript has been read and approved by all the 
authors, that the requirements for authorship as stated 
earlier in this document have been met, and that each au-
thor believes that the manuscript represents honest work.

Conflict of interest
The authors declare no conflict of interest.

Financial support
This study did not receive any form of funding from public, 
government, or not-for-profit sectors.

Ethics
The work described in this article has been carried out in 
accordance with The Code of Ethics of the World Medical 
Association (Declaration of Helsinki) for experiments involv-
ing humans; EU Directive 2010/63/EU for animal experi-
ments; Uniform Requirements for manuscripts submitted 
to Biomedical journals.

References

1.	 Somasundaram V, Srinivasagowda S, Balraam V, et al. Hemophagocy-
tosis in bone marrow aspirates: an indication of hidden pathologies. 
Med J DY Patil Vidyapeeth. 2019; 12(1): 22–27, doi: 10.4103/mjdrdy-
pu.mjdrdypu_33_18.

2.	 Chandra H, Chandra S, Kaushik Rm, et al. Hemophagocytosis on bone 
marrow aspirate cytology: single center experience in north himalayan 
region of India. Ann Med Health Sci Res. 2014; 4(5): 692–696, doi: 
10.4103/2141-9248.141515, indexed in Pubmed: 25328776.

3.	 Bami S, Vagrecha A, Soberman D, et al. The use of anakinra in the 
treatment of secondary hemophagocytic lymphohistiocytosis. Pediatr 
Blood Cancer. 2020; 67(11): e28581, doi: 10.1002/pbc.28581, in-
dexed in Pubmed: 32725881.

https://journals.viamedica.pl/acta_haematologica_polonica
http://dx.doi.org/10.4103/mjdrdypu.mjdrdypu_33_18
http://dx.doi.org/10.4103/mjdrdypu.mjdrdypu_33_18
http://dx.doi.org/10.4103/2141-9248.141515
https://www.ncbi.nlm.nih.gov/pubmed/25328776
http://dx.doi.org/10.1002/pbc.28581
https://www.ncbi.nlm.nih.gov/pubmed/32725881


Acta Haematologica Polonica 2023, vol. 54, no. 1

www.journals.viamedica.pl/acta_haematologica_polonica42

4.	 Campo M, Berliner N. Hemophagocytic lymphohistiocytosis in adults. 
Hematol Oncol Clin North Am. 2015; 29(5): 915–925, doi: 10.1016/j.
hoc.2015.06.009, indexed in Pubmed: 26461151.

5.	 Shah AR, Muzzafar T, Assi R, et al. Hemophagocytic lymphohistio-
cytosis in adults: an under recognized entity. BBA Clin. 2017; 7: 
36–40, doi: 10.1016/j.bbacli.2016.12.002, indexed in Pubmed: 
28070498.

6.	 Gars E, Purington N, Scott G, et al. Bone marrow histomorphological 
criteria can accurately diagnose hemophagocytic lymphohistiocytosis. 
Haematologica. 2018; 103(10): 1635–1641, doi: 10.3324/haema-
tol.2017.186627, indexed in Pubmed: 29903767.

7.	 Lehmberg K, Nichols KE, Henter JI, et al. Study Group on Hemophago-
cytic Lymphohistiocytosis Subtypes of the Histiocyte Society. Con-
sensus recommendations for the diagnosis and management of 
hemophagocytic lymphohistiocytosis associated with malignancies. 
Haematologica. 2015; 100(8): 997–1004, doi: 10.3324/haema-
tol.2015.123562, indexed in Pubmed: 26314082.

8.	 Grzybowski B, Vishwanath VA. Hemophagocytic lymphohistiocytosis: 
a diagnostic conundrum. J Pediatr Neurosci. 2017; 12(1): 55–60, doi: 
10.4103/jpn.JPN_140_16, indexed in Pubmed: 28553383.

9.	 Hayden A, Park S, Giustini D, et al. Hemophagocytic syndromes 
(HPSs) including hemophagocytic lymphohistiocytosis (HLH) 
in adults: A systematic scoping review. Blood Rev. 2016; 30(6): 
411–420, doi: 10.1016/j.blre.2016.05.001, indexed in Pubmed: 
27238576.

10.	 Otrock ZK, Eby CS. Clinical characteristics, prognostic factors, and 
outcomes of adult patients with hemophagocytic lymphohistiocytosis.  
Am J Hematol. 2015; 90(3): 220–224, doi: 10.1002/ajh.23911,  
indexed in Pubmed: 25469675.

11.	 Kim YuRi, Kim DY. Current status of the diagnosis and treatment 
of hemophagocytic lymphohistiocytosis in adults. Blood Res. 2021; 
56(S1): S17–S25, doi: 10.5045/br.2021.2020323, indexed in 
Pubmed: 33935031.

12.	 Iqbal W, Alsalloom AA, Shehzad K, et al. Hemophagocytic histiocyto-
sis: a clinicopathological correlation. Int J Health Sci (Qassim). 2017; 
11(1): 1–7, indexed in Pubmed: 28293160.

13.	 George MR. Hemophagocytic lymphohistiocytosis: review of etiologies 
and management. J Blood Med. 2014; 5: 69–86, doi: 10.2147/JBM.
S46255, indexed in Pubmed: 24966707.

14.	 Fardet L, Galicier L, Lambotte O, et al. Development and validation of 
the HScore, a score for the diagnosis of reactive hemophagocytic syn-
drome. Arthritis Rheumatol. 2014; 66(9): 2613–2620, doi: 10.1002/
art.38690, indexed in Pubmed: 24782338.

15.	 Verma N, Chakraverty J, Baweja P, et al. Extremely high ferritinemia 
associated with haemophagocytic lympho histiocytosis (HLH). Indian 
J Clin Biochem. 2017; 32(1): 117–120, doi: 10.1007/s12291-016-
0559-8, indexed in Pubmed: 28149024.

16.	 Ho C, Yao X, Tian L, et al. Marrow assessment for hemophagocyt-
ic lymphohistiocytosis demonstrates poor correlation with disease 
probability. Am J Clin Pathol. 2014; 141(1): 62–71, doi: 10.1309/
AJCPMD5TJEFOOVBW, indexed in Pubmed: 24343738.

17.	 Zhang L, Zhou J, Sokol L. Hereditary and acquired hemophagocyt-
ic lymphohistiocytosis. Cancer Control. 2014; 21(4): 301–312, doi: 
10.1177/107327481402100406, indexed in Pubmed: 25310211.

18.	 Non LR, Patel R, Esmaeeli A, et al. Typhoid fever complicated by 
hemophagocytic lymphohistiocytosis and rhabdomyolysis. Am J Trop 
Med Hyg. 2015; 93(5): 1068–1069, doi: 10.4269/ajtmh.15-0385, 
indexed in Pubmed: 26324725.

19.	 Hust MA, Blechacz BRA, Bonilla DL, et al. Adult cancer-related he-
mophagocytic lymphohistiocytosis — a challenging diagnosis: a case 
report. J Med Case Rep. 2017; 11(1): 172, doi: 10.1186/s13256-017-
1344-x, indexed in Pubmed: 28651636.

20.	 Sundari AA. Clinicopathological spectrum of haemophagocytic 
syndrome. Masters thesis. PSG Institute of Medical Sciences and 
Research, Coimbatore 2018. http://repository-tnmgrmu.ac.in
/9451/1/200301218abinaya_sundari.pdf (September 8, 2018).

https://journals.viamedica.pl/acta_haematologica_polonica
http://dx.doi.org/10.1016/j.hoc.2015.06.009
http://dx.doi.org/10.1016/j.hoc.2015.06.009
https://www.ncbi.nlm.nih.gov/pubmed/26461151
http://dx.doi.org/10.1016/j.bbacli.2016.12.002
https://www.ncbi.nlm.nih.gov/pubmed/28070498
http://dx.doi.org/10.3324/haematol.2017.186627
http://dx.doi.org/10.3324/haematol.2017.186627
https://www.ncbi.nlm.nih.gov/pubmed/29903767
http://dx.doi.org/10.3324/haematol.2015.123562
http://dx.doi.org/10.3324/haematol.2015.123562
https://www.ncbi.nlm.nih.gov/pubmed/26314082
http://dx.doi.org/10.4103/jpn.JPN_140_16
https://www.ncbi.nlm.nih.gov/pubmed/28553383
http://dx.doi.org/10.1016/j.blre.2016.05.001
https://www.ncbi.nlm.nih.gov/pubmed/27238576
http://dx.doi.org/10.1002/ajh.23911
https://www.ncbi.nlm.nih.gov/pubmed/25469675
http://dx.doi.org/10.5045/br.2021.2020323
https://www.ncbi.nlm.nih.gov/pubmed/33935031
https://www.ncbi.nlm.nih.gov/pubmed/28293160
http://dx.doi.org/10.2147/JBM.S46255
http://dx.doi.org/10.2147/JBM.S46255
https://www.ncbi.nlm.nih.gov/pubmed/24966707
http://dx.doi.org/10.1002/art.38690
http://dx.doi.org/10.1002/art.38690
https://www.ncbi.nlm.nih.gov/pubmed/24782338
http://dx.doi.org/10.1007/s12291-016-0559-8
http://dx.doi.org/10.1007/s12291-016-0559-8
https://www.ncbi.nlm.nih.gov/pubmed/28149024
http://dx.doi.org/10.1309/AJCPMD5TJEFOOVBW
http://dx.doi.org/10.1309/AJCPMD5TJEFOOVBW
https://www.ncbi.nlm.nih.gov/pubmed/24343738
http://dx.doi.org/10.1177/107327481402100406
https://www.ncbi.nlm.nih.gov/pubmed/25310211
http://dx.doi.org/10.4269/ajtmh.15-0385
https://www.ncbi.nlm.nih.gov/pubmed/26324725
http://dx.doi.org/10.1186/s13256-017-1344-x
http://dx.doi.org/10.1186/s13256-017-1344-x
https://www.ncbi.nlm.nih.gov/pubmed/28651636
http://repository-tnmgrmu.ac.in/9451/1/200301218abinaya_sundari.pdf
http://repository-tnmgrmu.ac.in/9451/1/200301218abinaya_sundari.pdf



