
Brahma et al. Int J Trop Dis 2019, 2:026

Volume 2 | Issue 4
DOI: 10.23937/2643-461X/1710026

Open Access

ISSN: 2643-461X

International Journal of

Tropical Diseases

• Page 1 of 5 •

Citation: Brahma A, Ghosh PK, Goswami U, Majumdar S (2019) Utility of Mean Platelet Volume 
to Predict Significant Thrombocytopenia and Complications in Dengue. Int J Trop Dis 2:026. doi.
org/10.23937/2643-461X/1710026
Accepted: December 09, 2019; Published: December 11, 2019
Copyright: © 2019 Brahma A, et al. This is an open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original author and source are credited.

Brahma et al. Int J Trop Dis 2019, 2:026

Utility of Mean Platelet Volume to Predict Significant Thrombo-
cytopenia and Complications in Dengue
Anupam Brahma, MBBS1*, Prasit Kumar Ghosh, MD2, Utpal Goswami, MD2 and 
Saswati Majumdar, MD3

1Post Graduate Resident (Y3), Department of Pathology, ICARE Institute of Medical Sciences and Research, India
2Assistant Professor, Department of Pathology, ICARE Institute of Medical Sciences and Research, India
3Professor and HOD, Department of Pathology, ICARE Institute of Medical Sciences and Research, India

*Corresponding author: Anupam Brahma, MBBS, Post Graduate Resident (Y3), Department of Pathology, ICARE Institute 
of Medical Sciences and Research, Haldia, West Bengal, Pin: 721645, India, Tel: +91-8240493386

Abstract
Background: Dengue fever is one of the most important 
emerging infectious diseases constituting important contri-
bution in global burden of disease. Platelet transfusion is 
required in the patients when they develop Dengue Hem-
orrhagic Fever (DHF) or thrombocytopenia below 20,000/
cu.mm without hemorrhage. Serial platelet counts are used 
to monitor the patients. In this study we investigated wheth-
er Mean Platelet Volume (MPV) could be used as a tool to 
predict development of significant thrombocytopenia, DHF 
and Dengue Shock Syndrome (DSS). This may help in tri-
age of high-risk patients and readiness of the care-givers for 
platelet transfusion when required.

Methods: In this prospective study done in IIMSAR, Hal-
ides, 100 cases of dengue were included. In those pa-
tients who developed thrombocytopenia < 20,000/cu.mm, 
the MPVs prior to development of this significant throm-
bocytopenia, were compared with the mean of the MPVs 
of all the patients under the study. Statistical analysis was 
done using t-test.

Results: On the previous day on which platelet count was < 
20,000/cu.mm, mean MPV was significantly low (p value < 
0.0001) compared to the mean of MPVs of all the patients.

Conclusion: Serial MPV monitoring can be used to predict 
significant thrombocytopenia.
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Introduction
Dengue is one of the most important emerging in-

fectious diseases, caused by a virus of the Flaviviridae 
family, incidence of which has grown dramatically in 
recent decades all over the world. The disease is now 
endemic in more than 100 countries in WHO regions of 
Africa, the Americas, the Eastern Mediterranean, South 
East Asia and Western Pacific. The America, South-East 
Asia and Western pacific regions are the most seriously 
affected [1]. Europe is also now under threat of the dis-
ease as waves of dengue outbreak have been reported 
from France, Croatia and some other countries since 
2010 [2,3]. An estimate showed 3.9 billion people in 128 
countries are at risk of infection with dengue virus at 
present [4].

Dengue is manifested clinically with fever, head-
ache, retro-orbital pain, back pain and generalized 
weakness with or without nausea and vomiting. The 
disease may be complicated by bone marrow de-
pression manifesting as thrombocytopenia of var-
ious degrees and leakage from blood vessels lined 
by functionally damaged endothelial cells, manifest-
ed as Dengue Hemorrhagic Fever (DHF) and Dengue 
Shock Syndrome (DSS). Production of inflammatory 
cytokines along with immune-mediated reactions are 
considered to be responsible for the development of 
these complications leading to fatality [5,6].

Serial hematocrit estimations and platelet counts 
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ELISA which was also based on Direct Sandwich prin-
ciple and the kit which was used was DENGUE IgM 
MICROLISA, manufactured by the same manufactur-
er. The patients who were reported negative for Den-
gue IgM were excluded from the study subsequently. 
Thus the study was done on adult patients found to 
be positive both for dengue NS1 antigen and dengue 
specific IgM.

Venous blood was collected in K3EDTA vial every 
day in the morning from each patient during their 
stay in the hospital and platelet parameters were 
measured by Sysmex XP100 automated hematology 
analyzer. Platelet counts were also matched with the 
peripheral blood smear examination under micro-
scope. In a specially designed proforma, serial plate-
let counts and MPV were recorded against each pa-
tient. From these serial counts an average MPV was 
calculated for each patient. From these average MPVs 
a mean of the average MPVs of the 100 patients was 
calculated. The proforma also contained clinical in-
formation regarding development of DHF and DSS in 
each patient.

The patients were divided into two groups. One 
group had the patients in whom platelet count was 
< 20,000/cu.mm at any point of time and the other 
group had the patients who maintained platelet count 
> 20,000/cu.mm during their hospital stay. For each 
group a ‘group mean’ of MPVs was calculated from the 
average MPVs of the patients in the group. These two 
‘group means’ were compared using two tailed t test.

From the collected data of the serial MPVs and 
platelet counts, a ‘cut-off’ MPV of each patient was es-
tablished by taking the MPV of the previous day of the 
day when the platelet count was noted below 20,000/
cu.mm. The mean of these ‘cut-off’ MPVs were calcu-
lated. This mean was compared with the mean of the 
average MPVs of the 100 patients under the study using 
one tailed t test.

Then the patients who developed DHF were taken 
in a group and another group was formed taking the 
patients who developed DSS. For each group, a ‘group 
mean’ of the MPVs was calculated from the average 
MPVs of the patients in that group. These two ‘group 
mean’ of the MPVs were compared separately with the 
mean of the average MPVs of the 100 patients under 
study using one tailed t test.

Results
There were total 100 patients included in the 

study. Among them 30 patients developed thrombo-
cytopenia below 20,000/cu.mm at any point of time. 
In the rest 70 patients platelet count was maintained 
above 20,000/cu.mm. 31 patients developed DHF. 
DSS was seen in 9 patients (Figure 1).

Mean of the MPVs of the total 100 patients was 10.9 

are used to monitor closely the hospital-admitted pa-
tients, as increase in hematocrit may indicate plasma 
leakage and severe thrombocytopenia may be targeted 
therapeutically with platelet transfusion. Most of the 
guidelines for treatment of dengue advocated prophy-
lactic platelet transfusion without hemorrhagic man-
ifestations at platelet level 10,000-20,000/cu.mm [6]. 
Kumar, et al. also marked patients with platelet count 
below 20,000/cu.mm as high risk patients [7].

As in India dengue cases are on the rise, in the re-
cent years the clinical laboratories have been getting a 
large number of blood samples of dengue patients for 
hematocrit estimations and platelet counts. In our per-
sonal experience of examining peripheral blood smears 
routinely for platelet count of these samples, it was 
noted that, in some patients, the volume of platelets 
decreased as the disease progressed and the platelet 
count diminished. After a certain period when there was 
an increase in the platelet volume in these patients, the 
platelet count also increased. So, it was decided to un-
dertake a study to see the association of Mean Platelet 
Volume (MPV) with platelet count and disease severity 
in dengue patients. If such a statistically significant re-
lation really exists then it will be possible to predict se-
vere thrombocytopenia or disease severity in advance 
which will ultimately lead to better patient care.

Aims and objectives
The specific objectives of the study were

•	 To investigate if alteration of MPV is significant 
in patients with significant thrombocytopenia in 
dengue.

•	 To investigate if MPV can be used as a predictor 
of significant thrombocytopenia in patients of 
dengue.

•	 To investigate if MPV can be used as a predictor 
of development of Dengue Hemorrhagic Fever 
and Dengue Shock Syndrome in hospital admitted 
patients of dengue fever.

Methods
This was a prospective study done at ICARE Insti-

tute of Medical Sciences and Research, Haldia (India) 
from August 2017 to November 2018. Patients who 
were admitted with fever, headache, body ache with 
or without chills and rigor, nausea, vomiting, ret-
ro-orbital pain and low back pain, were watched and 
the ones who were above 18 years of age and whose 
blood samples were found to be positive for NS1 
antigen were selected for the study. Blood samples 
were tested for NS1 antigen by ELISA method which 
was based on the Direct Sandwich principle and the 
kit which was used was DENGUE NS1 Ag MICROLISA, 
manufactured by J. Mitra and Co Pvt. Ltd., New Del-
hi, India. Later infection with dengue virus was con-
firmed with dengue specific IgM antibody assay by 
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mean’ of the MPVs was also found to be 9.8 ± 0.7 fl 
in this group. Compared to the mean of the average 
MPVs of all the patients under study, the p value was 
0.0015, which was statistically significant.

Discussion
In the past MPV has been evaluated for association 

with a number of conditions manifested with throm-
bocytopenia [8,9]. MPV depends on platelet diame-
ter, if platelet diameter is increased MPV is also in-
creased and vice versa. Increased diameter indicates 
increased production rate and also during activation 
platelet shapes change to biconcave discs to spheri-
cal leading to increased MPV [10]. In dengue infection 
cause of thrombocytopenia is said to be multifactori-
al, i.e, bone marrow hypoplasia [11] (leading to de-
creased proliferative capacity of hematopoietic cells 
[12]) and peripheral platelet destruction by increased 
apoptosis, activated compliment system and by anti 
platelet antibodies [13-15]. The marrow suppression 
can be indicated by low MPV [16]. Bashir, et al. re-
ported that at initial stages of dengue fever MPV may 
fall [17]. They also found that MPV < 9 fl has strong 
association with dengue (sensitivity > 90%). Though 
this finding did not match our finding (Mean MPV in 
the present study was 10.9 + 1.5 fl), that may be due 
to geographical variation of normal reference values. 
(Mean MPV in Indian population is 11.2 ± 1.32 [18], 
whereas Mean MPV in healthy Sudanese population 
is 9.8 fl where Bashir, et al. did their study [19]). 
Similar fall in MPV in dengue patients was found by 
Navya, et al. [20], Hardeva, et al. [21] and Kanchana 
PVN, et al. [22].

Our study was aimed to investigate if there is sig-
nificant change of MPV in different risk groups of den-
gue. Winwanikit V observed that MPV in DHF was not 
altered compared to healthy patients [23]. This was 
supported by findings of Dewi, who did not find sig-

± 1.5 fl. ‘Group mean’ of the MPVs of the 30 patients 
who developed platelet count below 20,000/cu.mm 
was 9.7 ± 0.7 fl. ‘Group mean’ of the MPVs of the 70 
patients who maintained platelet count above 20,000/
cu.mm was 11.4 ± 1.5 fl (Table 1). When these ‘group 
mean’ of the MPVs were compared, p value was found 
to be < 0.0001 which was statistically significant.

In the group of 30 patients who had platelet count 
below 20,000/cu.mm, in two patients platelet count 
was below 20,000/cu.mm at the time of hospital ad-
mission. In the rest 28 patients gradual decrease in 
platelet count was observed during the hospital stay. 
In these 28 patients, on the day which was the previ-
ous day of the day when platelet count went below 
20,000/cu.mm, mean MPV was 9.8 ± 0.8 fl. (Table 1). 
Compared to the mean of the average MPVs of all 
the patients under study, p value was < 0.0001, which 
was extremely statistically significant.

31 patients developed DHF. ‘Group mean’ of the 
MPVs of them was 9.8 ± 0.7 fl. Compared with the 
mean of the average MPVs of all the patients under 
study, p value was < 0.0001, which was statistical-
ly significant. Nine patients developed DSS. ‘Group 

 

Patients with DSS 9 

Patients with DHF 31 

Patients with PC > 20,000/cu.mm 70 

Patients with PC < 20,000/cu.mm 30 
  

Figure 1: Number of patients with different manifestations.

Table 1: Mean MPV of different patient groups.

Patient group ‘Group mean’ MPV (fl)
All patients (n = 100) 10.9 ± 1.5

Patients with platelet count above 
20,000/cu.mm (n = 70)

11.4 ± 1.5

Patients with platelet count below 
20,000/cu.mm (n = 30)

9.7 ± 0.7

Patients with platelet count below 
20,000/cu.mm, on the previous 
day when platelet count was 
below 20,000/cu.mm (n = 28)

9.8 ± 0.8

Patients with DHF (n = 31) 9.8 ± 0.7

Patients with DSS (n = 9) 9.8 ± 0.7

https://doi.org/10.23937/2643-461X/1710026


ISSN: 2643-461XDOI: 10.23937/2643-461X/1710026

Brahma et al. Int J Trop Dis 2019, 2:026 • Page 4 of 5 •

Approved by the Institutional Ethical Committee.

Sources of Support
None.

Statement of Equal Author’s Contribution
Dr. Anupam Brahma conceived the presented idea 

that Mean Platelet Volume can be used to predict sig-
nificant clinical outcomes in dengue. It was support-
ed by Dr. Prasit Kumar Ghosh. Dr. Brahma, Dr. Ghosh 
and Dr. Utpal Goswami reviewed the published liter-
ature together and planned the study design. Data 
collection and analysis was done by Dr. Brahma and 
Dr. Ghosh. Dr. Goswami and Dr. Saswati Majumdar 
reviewed the analytical process. All authors discussed 
the final results and contributed the final manuscript.

References
1.	 Dengue and severe dengue - World Health Organization.

2.	 (2019) Rapid risk assessment: Dengue outbreak in 
Réunion, France, and associated risk of autochthonous 
outbreak in the EU/EEA. European Centre for Disease Pre-
vention and Control.

3.	 Francis Schaffner, Alexander Mathis (2014) Dengue and 
dengue vectors in the WHO European region: Past, pres-
ent, and scenarios for the future. Lancet Infect Dis 14: 
1271-1280.

4.	 Brady OJ, Gething PW, Bhatt S, Messina JP, Brownstein 
JS, et al. (2012) Refining the global spatial limits of dengue 
virus transmission by evidence-based consensus. PLoS 
Negl Trop Dis 6: e1760. 

5.	 Ichiro Kurane (2007) Dengue hemorrhagic fever with spe-
cial emphasis on immunopathogenesis. Comp Immunol Mi-
crobiol Infect Dis 30: 329-340.

6.	 Elzinandes Leal de Azeredo, Robson Q Monteiro, Luzia 
Maria de-Oliveira Pinto (2015) Thrombocytopenia in Den-
gue: Interrelationship between Virus and the Imbalance 
between Coagulation and Fibrinolysis and Inflammatory 
Mediators. Mediators of Inflammation 2015: 16.

7.	 Kumar N, Swamy M, Charaborti S, Kini J, Singh T, et al. 
(2018) Correlation of mean platelet volume and platelet dis-
tribution width in risk categories of dengue fever - A pilot 
study. J Evolution Med Dent Sci 7: 142-145.

8.	 Babu E, Basu D (2004) Platelet large cell ratio in the differ-
ential diagnosis of abnormal platelet counts. Indian J Pathol 
Microbiol 47: 202-205.

9.	 Kaito K, Otsubo H, Usui N, Yoshida M, Tanno J, et al. 
(2005) Platelet size deviation width, platelet large cell ra-
tio, and mean platelet volume have sufficient sensitivity and 
specificity in the diagnosis of immune thrombocytopenia. Br 
J Haematol 128: 698-702.

10.	Budak YU, Polat M, Huysal K (2016) The use of platelet 
indices, plateletcrit, mean platelet volume and platelet dis-
tribution width in emergency non-traumatic abdominal sur-
gery: A systematic review. Biochem Med 26: 178-193. 

11.	Nakao S, Lai CJ, Young NS (1989) Dengue virus, a flavi-
virus, propagates in human bone marrow progenitors and 
hematopoietic cell lines. Blood 74: 1235-1240. 

12.	Basu A, Jain P, Gangodkar SV, Shetty S, Ghosh K (2008) 
Dengue 2 virus inhibits in vitro megakaryocytic colony for-

nificant difference of MPV between patient groups of 
DF, DHF and DSS [24]; Sharma K, et al. who observed 
no significant correlation of MPV with severity, se-
rology and treatment outcome in dengue infection 
[25] and Prakash GM, et al. who found no significant 
difference of MPV with severity of disease [26]. Our 
study showed significantly decreased MPV in cases of 
DHF and DSS in comparison to the mean of the MPVs 
of all the patients, whereas Dewi and Sharma, et al. 
compared the MPV in between different risk groups. 
In the published work of Prakash GM, there was no 
DHF and DSS patient.

Another possibility for the difference in findings is, 
the strain of the dengue virus prevalent in the areas 
of these two studies (Indonesia and Jaipur, India) are 
different than the strains prevalent at the area of our 
study (Eastern coastal area of India); thus leading to 
different mechanisms of thrombocytopenia. Throm-
bocytopenia mainly due to bone marrow depression 
would be reflected as low MPV at initial stages of 
infection, whereas when the mechanism is mainly 
peripheral destruction of platelets, MPV may be un-
changed or even increased [6,11-13].

The present study showed a significantly low MPV in 
patients with platelet count below 20,000/cu.mm com-
pared to patients with higher platelet counts. Similar 
result was found by Mukker P, et al. in their retrospec-
tive observational study [27]. We found significant fall 
in MPV on the previous day of the day on which platelet 
count came below 20,000/cu.mm, thus indicating that 
the significant fall in platelet count may be predicted by 
looking at serial MPV.

Conclusion
Our study showed that in patients of dengue the 

MPV was significantly lowered in patients in whom 
platelet count came below 20,000/mm3. Serial MPV 
observation can be useful in predicting this signifi-
cant platelet count level as lowering of MPV preced-
ed reduced platelet count. Decreased MPV was also 
associated with complications such as Dengue Hem-
orrhagic Fever and Dengue Shock Syndrome.

The limitation of the study was small sample size 
and limited geographic area. Further large scale stud-
ies involving different geographic locations and data 
regarding the serogroups of the affecting virus are 
needed to fix the critical cut-off values of MPV for tri-
age of high-risk patients. As reference values of MPV 
are different in different ethnic groups, a standard 
critical z-value can be fixed, taking data from differ-
ent ethnic groups so that the caregivers can be cau-
tious when MPV of a patient of dengue comes below 
that critical standard deviation level.

Ethical Approval

https://doi.org/10.23937/2643-461X/1710026
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-dengue-outbreak-reunion-france-and-associated-risk
https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-dengue-outbreak-reunion-france-and-associated-risk
https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-dengue-outbreak-reunion-france-and-associated-risk
https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-dengue-outbreak-reunion-france-and-associated-risk
https://www.ncbi.nlm.nih.gov/pubmed/25172160
https://www.ncbi.nlm.nih.gov/pubmed/25172160
https://www.ncbi.nlm.nih.gov/pubmed/25172160
https://www.ncbi.nlm.nih.gov/pubmed/25172160
https://www.ncbi.nlm.nih.gov/pubmed/22880140
https://www.ncbi.nlm.nih.gov/pubmed/22880140
https://www.ncbi.nlm.nih.gov/pubmed/22880140
https://www.ncbi.nlm.nih.gov/pubmed/22880140
https://www.ncbi.nlm.nih.gov/pubmed/17645944
https://www.ncbi.nlm.nih.gov/pubmed/17645944
https://www.ncbi.nlm.nih.gov/pubmed/17645944
https://www.hindawi.com/journals/mi/2015/313842/
https://www.hindawi.com/journals/mi/2015/313842/
https://www.hindawi.com/journals/mi/2015/313842/
https://www.hindawi.com/journals/mi/2015/313842/
https://www.hindawi.com/journals/mi/2015/313842/
https://www.jemds.com/data_pdf/nidhish-i-jan-8-Or.pdf
https://www.jemds.com/data_pdf/nidhish-i-jan-8-Or.pdf
https://www.jemds.com/data_pdf/nidhish-i-jan-8-Or.pdf
https://www.jemds.com/data_pdf/nidhish-i-jan-8-Or.pdf
https://www.ncbi.nlm.nih.gov/pubmed/16295468
https://www.ncbi.nlm.nih.gov/pubmed/16295468
https://www.ncbi.nlm.nih.gov/pubmed/16295468
https://www.ncbi.nlm.nih.gov/pubmed/15725092
https://www.ncbi.nlm.nih.gov/pubmed/15725092
https://www.ncbi.nlm.nih.gov/pubmed/15725092
https://www.ncbi.nlm.nih.gov/pubmed/15725092
https://www.ncbi.nlm.nih.gov/pubmed/15725092
https://www.ncbi.nlm.nih.gov/pubmed/27346963
https://www.ncbi.nlm.nih.gov/pubmed/27346963
https://www.ncbi.nlm.nih.gov/pubmed/27346963
https://www.ncbi.nlm.nih.gov/pubmed/27346963
https://www.ncbi.nlm.nih.gov/pubmed/2765663
https://www.ncbi.nlm.nih.gov/pubmed/2765663
https://www.ncbi.nlm.nih.gov/pubmed/2765663
https://www.ncbi.nlm.nih.gov/pubmed/18371071
https://www.ncbi.nlm.nih.gov/pubmed/18371071


ISSN: 2643-461XDOI: 10.23937/2643-461X/1710026

Brahma et al. Int J Trop Dis 2019, 2:026 • Page 5 of 5 •

Ali Alzain, Elnagi Y Hajo, Abdelmohisen Hussein, et al. 
(2018) Reference range of platelets count in healthy adult 
Sudanese. SAS J Med 4: 171-175.

20.	Navya BN, Patil S, Kariappa TM (2016) Role of platelet 
parameters in dengue positive cases - An observational 
study. Int J Health Sci Res 6: 74-78.

21.	Hardeva RN, Shyam LM, Sahil P, Gupta BK (2016) Evalua-
tion of platelet indices in patients with dengue infection. Int 
J Sci Res 5: 78-81.

22.	Lavanya Muddapu, Kiran Kumar E, Kanchana PVN (2019) 
Role of platelet indices in patients with dengue fever - A 
case control study. IOSR Journal of Dental and Medical 
Sciences (IOSR-JDMS) 18: 55-57.

23.	Wiwanitkit V (2004) Mean platelet volume in the patients 
with dengue hemorrhagic fever. Platelets 15: 185.

24.	Dewi YP (2013) Mean Platelet Volume (MPV): Potential 
Predictor of Disease Severity in Dengue infection. In pro-
ceeding of: International Dengue Symposium. 

25.	Krittika Sharma, Ajay Yadav (2015) Association of mean 
platelet volume with severity, serology and treatment out-
come in dengue fever: Prognostic utility. J Clin Diagn Res 
9: EC01-EC03.

26.	Prakash GM, Anikethana GV (2016) Use of mean platelet 
volume and platelet distribution width in predicting trend in 
platelet count and bleeding risks in patients of dengue fe-
ver. Int J Adv Med 3: 611-613.

27.	Mukker P, Kiran S (2018) Platelet indices evaluation in pa-
tients with dengue fever. Int J Res Med Sci 6: 2054-2059.

mation and induces apoptosis in thrombopoietin-inducible 
megakaryocytic differentiation from cord blood CD34+ 
cells. FEMS Immunol Med Microbiol 53: 46-51.

13.	Hottz ED, Oliveira MF, Nunes PC, Nogueira RM, Valls-de-
Souza R, et al. (2013) Dengue induces platelet activation, 
mitochondrial dysfunction and cell death through mecha-
nisms that involve DC-SIGN and caspases. J Thromb Hae-
most 11: 951-962.

14.	Lin CF, Wan SW, Cheng HJ, Lei HY, Lin YS (2006) Autoim-
mune pathogenesis in dengue virus infection. Viral Immu-
nol 19: 127-132.

15.	Funahara Y, Sumarmo, Wirawan R (1983) Features of DIC 
in dengue hemorrhagic fever. Bibl Haematol 49: 201-211. 

16.	Khandal (2017) MPV and Dengue. International Journal of 
Innovative Research and Advanced Studies 4: 1-3. 

17.	Bashir AB, Mohammed BA, Saeed OK, Ageep AK (2015) 
Thrombocytopenia and bleeding manifestations among pa-
tients with dengue virus infection in Port Sudan, Red Sea 
State of Sudan. Journal of Infectious Disease and Immunity 
7: 7-13.

18.	Sachdev R, Aseem K Tiwari, Shalini Goel, Vimrash raina, 
Monalisha Sethi (2014) Establishing biological reference 
intervals for novel platelet parameters (immature platelet 
fraction, high immature platelet fraction, platelet distribu-
tion width, platelet large cell ratio, 26 platelet-X, plateletcrit 
and platelet distribution width) and their correlations among 
each other. Indian J Pathol Microbiol 57: 231-235.

19.	Elmutaz Hussien Taha, Mohammed Elshiekh, Mohamed 

https://doi.org/10.23937/2643-461X/1710026
http://saspjournals.com/wp-content/uploads/2018/11/SASJM-410-171-175-c.pdf
http://saspjournals.com/wp-content/uploads/2018/11/SASJM-410-171-175-c.pdf
http://saspjournals.com/wp-content/uploads/2018/11/SASJM-410-171-175-c.pdf
https://www.ijhsr.org/IJHSR_Vol.6_Issue.6_June2016/13.pdf
https://www.ijhsr.org/IJHSR_Vol.6_Issue.6_June2016/13.pdf
https://www.ijhsr.org/IJHSR_Vol.6_Issue.6_June2016/13.pdf
http://iosrjournals.org/iosr-jdms/papers/Vol18-issue2/Series-13/J1802135557.pdf
http://iosrjournals.org/iosr-jdms/papers/Vol18-issue2/Series-13/J1802135557.pdf
http://iosrjournals.org/iosr-jdms/papers/Vol18-issue2/Series-13/J1802135557.pdf
http://iosrjournals.org/iosr-jdms/papers/Vol18-issue2/Series-13/J1802135557.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15203720
https://www.ncbi.nlm.nih.gov/pubmed/15203720
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4668412/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4668412/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4668412/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4668412/
https://www.ijmedicine.com/index.php/ijam/article/view/111/103
https://www.ijmedicine.com/index.php/ijam/article/view/111/103
https://www.ijmedicine.com/index.php/ijam/article/view/111/103
https://www.ijmedicine.com/index.php/ijam/article/view/111/103
https://www.msjonline.org/index.php/ijrms/article/download/4865/3978
https://www.msjonline.org/index.php/ijrms/article/download/4865/3978
https://www.ncbi.nlm.nih.gov/pubmed/18371071
https://www.ncbi.nlm.nih.gov/pubmed/18371071
https://www.ncbi.nlm.nih.gov/pubmed/18371071
https://www.ncbi.nlm.nih.gov/pubmed/23433144
https://www.ncbi.nlm.nih.gov/pubmed/23433144
https://www.ncbi.nlm.nih.gov/pubmed/23433144
https://www.ncbi.nlm.nih.gov/pubmed/23433144
https://www.ncbi.nlm.nih.gov/pubmed/23433144
https://www.ncbi.nlm.nih.gov/pubmed/16817755
https://www.ncbi.nlm.nih.gov/pubmed/16817755
https://www.ncbi.nlm.nih.gov/pubmed/16817755
https://www.ncbi.nlm.nih.gov/pubmed/6667246
https://www.ncbi.nlm.nih.gov/pubmed/6667246
https://pdfs.semanticscholar.org/368a/41af74e67791c80c4630f145acdebcace883.pdf?_ga=2.65500526.1130835827.1575694812-524123582.1521179838
https://pdfs.semanticscholar.org/368a/41af74e67791c80c4630f145acdebcace883.pdf?_ga=2.65500526.1130835827.1575694812-524123582.1521179838
https://academicjournals.org/journal/JIDI/how-to-cite-article/654ED6852558
https://academicjournals.org/journal/JIDI/how-to-cite-article/654ED6852558
https://academicjournals.org/journal/JIDI/how-to-cite-article/654ED6852558
https://academicjournals.org/journal/JIDI/how-to-cite-article/654ED6852558
https://academicjournals.org/journal/JIDI/how-to-cite-article/654ED6852558
https://www.ncbi.nlm.nih.gov/pubmed/24943755
https://www.ncbi.nlm.nih.gov/pubmed/24943755
https://www.ncbi.nlm.nih.gov/pubmed/24943755
https://www.ncbi.nlm.nih.gov/pubmed/24943755
https://www.ncbi.nlm.nih.gov/pubmed/24943755
https://www.ncbi.nlm.nih.gov/pubmed/24943755
https://www.ncbi.nlm.nih.gov/pubmed/24943755
http://saspjournals.com/wp-content/uploads/2018/11/SASJM-410-171-175-c.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations 
	Introduction
	Aims and objectives 

	Methods
	Results
	Discussion
	Conclusion
	Ethical Approval 
	Sources of Support 
	Statement of Equal Author’s Contribution 
	Table 1
	Figure 1
	References

