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Abstract

Introduction

The early identification of patients at risk of severe dengue infection (DlI) is critical to guide
clinical management. There is currently no validated laboratory test which can predict
severe complications of DI. The Atypical lymphocyte count (ALC) is a research parameter
generated at no extra cost when an automated Full Blood Count (FBC) is performed. The
purpose of this study was to assess the association of ALC with the severity of DI.

Methods

We prospectively collected data on patients admitted to Nawaloka Hospital Sri Lanka (NH)
with DI between December 2016 and November 2017. DI was diagnosed based on a posi-
tive Non-structural antigen 1 (NS1) or dengue IgM antibody. ALC (absolute ALC and per-
centage) data were extracted from the Sysmex XS500i automated full blood count (FBC)
analyzer (Sysmex Corporation Kobe, Japan). Clinical data was recorded from medical rec-
ords and the computerized data base maintained by NH.

Results

530 patients were enrolled. Patients with clinical manifestations of severe dengue have a
significantly higher AL % compared to dengue without warning signs. Patients who pre-
sented with respiratory compromise had statistically significantly higher AL% compared to
those without. (AL%,; 8.65+12.09 vs 2.17+4.25 [p = 0.01]). Similarly, patients who developed
hypotension had higher AL% compared to those who did not suffered from shock (AL%;
8.40+1.26 vs 2.18+4.25 [p = 0.001]). The AL% of dengue patients presenting with bleeding,
at 4.07%, is also higher than those without bleeding complications, at 2.15%. There was a
significant negative association between platelet count and AL% (p = 0.04).
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Conclusions

Clinical manifestations of severe dengue have a significantly higher AL % compared to den-
gue without warning signs. AL % at presentation may be predictive of severe DI and future
larger prospective longitudinal studies should be done to determine if AL % on admission is
predictive of the complications of DI.

Introduction

Dengue infection (DI) is the most common arthropod-borne virus disease, with 2.5 billion
people worldwide, across all age groups, at risk of infection [1]. The clinical manifestations of
DI are heterogeneous, with the most severe and life-threatening forms being dengue hemor-
rhagic fever (DHF) and dengue shock syndrome (DSS)[2]. Between 2001 to 2010, an estimated
5,906 DI related deaths were reported[3].

Severe complications of DI occur in only approximately 2-5% of patients, but it is impor-
tant to be able to identify patients who will develop complications early to assist in effective
risk stratification. [4,5]. Early risk stratification of patients with DI can potentially prevent
overburden of the healthcare system by focusing on those who need expert care and those who
do not, especially in resource limited countries[6]. However, there is currently no validated
laboratory test which can predict severe complications of DI. Several clinical parameters have
been proposed as predictive factors of severe DI. These include the presence of abdominal
pain, vomiting, nausea, hepatomegaly, fluid accumulation, bleeding, respiratory distress,
altered mental status and shock[7]. However, these clinical parameters can be subjective as
they are based on clinical judgement [8].

The diagnosis of DI is based on clinical history and laboratory tests. The most widely used
diagnostic test for DI is an enzyme linked immunosorbent assay (ELISA) [9] which measures
dengue Ig M or Ig G antibodies. This test can only be reliably detecting dengue antibodies 3-4
days after the onset of symptoms; hence, false negative results remain a concern. The alterna-
tives are the use of the dengue nonstructural protein 1 (NS1) antigen, which is a glycoprotein
necessary for the viability of dengue virus; and the dengue reverse transcriptase PCR
(RT-PCR). Although these tests are useful for the diagnosis of DI, they are not useful for the
prediction of DI severity [10].

The Atypical Lymphocyte count (AL) is a research parameter generated when a Full Blood
Count (FBC) is performed on Sysmex automated FBC analyzers. This technology is known to
be specific and sensitive for the detection of abnormal white blood cells such as atypical lym-
phocytes[11]. These atypical lymphocytes have an increased nucleic acid percentage and char-
acteristics scatter properties which can be detected by an increase in fluorescence signal[12].
During DI progression, it has been observed that affected patients produced atypical lympho-
cytes seen in the peripheral blood circulation. These atypical lymphocytes have been identified
as CD19+ B lymphocytes using flow cytometry[13]. It is postulated that these lymphocytes are
antibody immune reaction to the dengue virus, which could explain the significant increase
in anti-dengue immunoglobulin G (IgG) antibodies during the secondary dengue infection.
Recently, atypical plasmacytoid lymphocytes have been described in patients with dengue
infection, which similarly correlates to the significant elevation in IgG levels[14]. AL has been
demonstrated to be useful for the differentiation of DI from other viral infections [11, 12].
Therefore, we seek to assess the association of AL with severity of dengue infection.
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Methodology
Study design

We conducted a prospective observational cohort study on adult patients admitted to Nawa-
loka Hospital Sri Lanka (NH) with DI between 2016 December and 2017 November.

Ethical approval

Ethical approval for this study was obtained from the Ethics Review Committee, Faculty of
Medicine, and University of Colombo. All patients provided informed consent for their data
to be included in the study.

Study population

530 patients aged 18 to 80 years with DI confirmed by a positive NS1 antigen and/or positive
dengue immunoglobulin M (Dengue IgM) ELISA (enzyme linked immunosorbent assay;
CE-CTK biotech test kits) were included in this study. Patients with a known history of hema-
tologic malignancy, immunosuppression, HIV positive status, known infection with other
viral pathogens were excluded.

Data collection

AL data were extracted from the Sysmex XS500i automated FBC analyzer (Sysmex Kobe
Japan) on the first full blood count (FBC) drawn as part of the patients’ routine investigations.
Clinical parameters including presenting symptoms, vital signs, results of other blood investi-
gations and clinical progress (specifically the development of severe DI) were recorded by a
study team member during the patients’ admission.

We categories dengue fever according to the 2009 WHO criteria classify dengue according
to levels of severity: (A) dengue without warning signs; (B) dengue with warning signs
(abdominal pain, persistent vomiting, fluid accumulation, mucosal bleeding, lethargy, liver
enlargement, increasing hematocrit with decreasing platelets); and (C) severe dengue (dengue
with severe plasma leakage, severe bleeding, or organ failure) [7].

Data analysis

Data were entered into EXCEL worksheets and checked manually and corrected where neces-
sary. Descriptive statistics were derived and expressed as measures of central tendency and fre-
quencies. Hence, Atypical Lymphocyte % distribute normally P-values obtain through student
t-test was used to compare averages between two groups. ANOVA was used to compare mean
values of more than two groups. The predictive cutoff value was obtained through Receiver
Operating Characteristics (ROC) curve analysis. Data were analyzed using the Statistical Pack-
age for Social Sciences 16 (SPSS) (SPSS 16.0, Chicago, Illinois, USA) and STATA version 12
(12.0, Texas, USA). P values of <0.05 were considered significant.

Results

Table 1 shows the socio-demographic characteristics of study population. 52.5% of patients
were female. The median age was 34 years. 77.9% did not have any co-morbidity. 43.7% of the
patients were admitted to hospital following two days of fever, while 84.3% were admitted after
four days of fever. Confirmation of DI was based on positive Dengue NS1 (81.1%), Dengue
IgM (16.9%) and both (2.0%). The percentage of patients who suffered from severe dengue is
1.32%.
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Table 1. Socio demographic characteristics of study population.

Variable Number Percentage %
Age (In years)
Less than 20 42 7.9
21to 40 278 52.4
41 to 60 175 33.0
Above 61 35 6.7
Sex
Female 278 52.5
Male 252 47.5
Co-morbidity
None 413 77.9
Diabetes 23 43
Hypertension 30 5.6
Hyperlipidemia 36 6.9
Other 27 5.3
Days of fever on admission
Less than 2 232 43.7
3to4 217 40.6
5t06 55 10.4
More than 7 26 5.3
Confirmation of Dengue

Dengue NS1 Positive 430 81.1
Dengue IgM Positive 90 16.9
Both Positive 10 2.0

https://doi.org/10.1371/journal.pone.0215061.t001

The mean total white cell count of the study population was 4.12+2.1 ((x10%). Mean (SD)
Atypical Lymphocyte Count (ALC) (x10%), Atypical Lymphocyte percentage (AL %) and Plate-
let count (x10°) of the cohort were 0.1+0.3, 2.35+4.7 and 83.1+56.9 respectively.

Table 2 shows the parameters of severity of DI among the study population. Patients who
presented with respiratory compromise (oxygen saturation less than 95%) had statistically sig-
nificantly higher AL% compared to those without. (AL%; 8.65+12.09 vs 2.17+4.25 [p = 0.01]).
Similarly, patients who developed hypotension (mean arterial pressure less than 65mmHg)
had higher AL% compared to those who did not suffered from shock (AL%; 8.40+1.26 vs
2.18+4.25 [p = 0.001]). The AL% of dengue patients presenting with bleeding, at 4.07%, is also
higher than those without bleeding complications, at 2.15%. There were no deaths reported
among the study population.

Table 3 shows the association between AL % with dengue without warning signs, with
warning signs and severe dengue. Based on ANOVA analysis there was statically significant
association between three groups (p = 0.001). The highest mean AL% was reported in the
severe dengue group (AL%:10.8+3.31).

Association between AL % with severe dengue and non-severe dengue (with/without warn-
ing sings) shows in Table 4. Based on t-test there was a significant association between two
groups. (p = 0.001).

Table 5 shows the association between AL% and mean platelet count (10%). Based on
ANOVA analysis there was a significant association between AL % categories and mean plate-
let count (p = 0.04).
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Table 2. Parameters of severity of dengue fever among the study population.

Variable Number (%) ‘ Atypical Lymphocyte % P Value*
Presence of abdominal pain and tender
No 411 (77.6) 1.97+3.89 0.18*
Yes 119 (22.4) 2.87+5.24
Presence of hepatomegaly of more than 2cm
No 516 (97.4) 2.23+4.31 0.16*
Yes 14 (2.6) 2.24+2.31
Persistent vomiting despite symptomatic treatment
No 515 (97.2) 2214423 0.81*
Yes 15(2.8) 1.27+1.30
Aspartate transaminase (AST) and Alanine transaminase (ALT) more than 1000 IU/L
No 526 (99.3) 2.06+4.68 0.78*
Yes 4(0.7) 2.50+4.77
Presence of respiratory compromise (Oxygen saturation less than 95%)
No 517 (97.6) 2.17+4.25 0.01*
Yes 13 (2.4) 8.65+12.09
Presence of Shock (Mean arterial pressure less than 65mmHg)
No 526 (99.3) 2.18+4.25 0.001*
Yes 4(0.7) 8.40+1.26
Presence of Bleeding

No 523 (98.7) 2.15+4.22 0.02*
Yes 7 (1.3) 4.07£5.79

*Based on Mann-Whitney U Test

https://doi.org/10.1371/journal.pone.0215061.t002

Fig 1 show the Receiver Operating Characteristics (ROC) curve analysis of AL% more than
0.55% was predictive cutoff values for severe dengue fever during the disease progression. It
has 95.5% sensitivity and 71.5% specificity.

Based on the Pearson correlation coefficient there was a negative correlation between plate-
let count and AL%, as well as ALC (x10%). (Pearson Correlation = -0.116 [p = 0.017] and

Table 3. Association between atypical lymphocyte percent with dengue without warning signs, with warning signs and sever dengue.

Classification Number (%) Atypical lymphocyte % Significant”
Dengue without warning signs 364 (68.6) 1.59°+1.36 P =0.001
Dengue with warning signs 152(28.6) 4.47°+1.56 E ;41;4
Severe dengue 14(2.8) 10.80°+3.31 -
“Based on ANOVA and
aband ¢ pot hoc test (Tukey HSD)
https://doi.org/10.1371/journal.pone.0215061.t003
Table 4. Association between atypical lymphocyte % with severe dengue and non-severe dengue (with/without warning signs).
Classification Number (%) Atypical lymphocyte % Significant”
Severe dengue 14(2.8) 10.80+3.31 P =0.001
Non-severe dengue 516(97.2) 217+ 191

*Based on student t-test

https://doi.org/10.1371/journal.pone.0215061.t004
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Table 5. Association between AL% and mean platelet count (10%).

AL % Category Number (%) Platelet count (10°) Significant*
MeantSD

Below 10 451(85.1) 83.6+47.6 P=0.04

11 to 20 55(10.3) 52.3+31.6 F=4.121

Above 21 24(4.6) 47.9+18.1 df=2

*Based on ANOVA test

https://doi.org/10.1371/journal.pone.0215061.t005

Pearson Correlation = -0.130 [p = 0.008]). But R square in the diagrams show only 0.014 and
0.017. (Figs 2 and 3).

Discussion

We showed that patients with clinical manifestations of severe dengue have a significantly
higher AL % compared to dengue without warning signs. Similarly, the AL % among those
with respiratory compromise, hypotension and bleeding symptoms is higher as compared to
those without. These results suggest that a higher AL % level is associated with increased com-
plications of dengue infection, leading to severe dengue. From Tables 3 and 4, it is evident that
patients with severe dengue infection, have significantly more AL % in their peripheral blood,
compared to DI without warning signs. In addition, there is a statistically significant 5-fold

ROC Curve

—

T T T
0.4 06

1 - Specificity

0.0 08 1.0

Fig 1. Atypical lymphocyte % more than 0.55 use as a predictive cutoff value to suspect severe dengue cases during the disease
progression. (AUC = 87.2% [95%CI = 73%-93.4%]).

https://doi.org/10.1371/journal.pone.0215061.9001
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Fig 2. The correlation between platelet count and absolut atypical lymphocyte count (x10%).

https://doi.org/10.1371/journal.pone.0215061.9002

difference in AL % between severe and non-severe DI. From subgroup analysis between DI
with and without warning signs in Table 3, there is a positive association of AL % with severity
of DI The predictive cut-off AL % value for predicting severe DI is > 0.55, as shown in Fig 1,
with the sensitivity of 95.5% and specificity of 71.5%. For our study, this is a point estimate
which limits its predictive value, therefore, it is likely that consecutive measurements may
improve on this and future studies would be required. This is clinically relevant as this may be
used as a simple and dynamic predictive measurement for DI severity.

In a study done on the hematological parameters of 138 Indonesian patients, flow cytome-
try was used to differentiate between DI, leptospirosis and enteric fever. Patients with DI were
found to have a higher percentage of AL, when compared to patients with enteric fever and
leptospirosis infections [15]. In another study which analyzed the immunophenotypes of lym-
phocytes in 100 patients with DI of different severity, such as DHF, dengue fever (DF) and
dengue like syndrome (DLS), it was concluded that the mean total atypical lymphocytes in
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Fig 3. The correlation between platelet count and atypical lymphocyte %.
https://doi.org/10.1371/journal.pone.0215061.9003

DHEF and DF were higher than those of DLS[13]. In a recent 2017 study done by Anagha et al
[16], they showed that atypical lymphocytes count does predict the severity of thrombocytope-
nia for DI and this contributes to the severity of dengue. However, this study and other previ-
ous similar studies did not investigate the association of AL % with DI clinical parameters such
as respiratory failure, shock and bleeding as well as analyze the predictive cut off AL % value
for severe DI, which our study did address.

As mentioned earlier, the most critical period of DI is 3-7 days after the onset of the first
non-specific symptoms as this is the period where patients develop severe DI complications
[17]. Due to the lack of reliable predictive tests, patients with severe DI are at risk of delays in
appropriate management, since the majority of DI patients are treated conservatively in outpa-
tient setting. However, if more objective measurements such as AL % can be used to identify
these patients, they can be placed on closer monitoring and encouraged for aggressive hydra-
tion if early warning signs of severe dengue are present[18].
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The increase in AL % is associated with the decrease in platelet count as shown in Table 5
and Fig 3. The analysis of platelet count and AL% has shown that there is an inverse relation-
ship between the two variables, with the correlation coefficient of -0.116. From Table 5, it also
demonstrated that with the circulating AL % being more than 20% in the peripheral blood, the
mean platelet count could fall below 50 x 10°. This may be the explanation for the increase in
bleeding complications among dengue patients with higher AL% as demonstrated in Table 2.
Thrombocytopenia related to DI is thought to be at least partly immune mediated [19]. It is
reasonable to speculate whether the high AL reflects greater immune dysregulation resulting
in more severe thrombocytopenia. The same maybe said of the more severe complications of
DI. These are important areas to be addressed by future research studies as immunosuppres-
sive therapy such as steroids may warrant evaluation in clinical trials for such patients.

Our study has several limitations. The study population was taken from a single centre in
Sri Lanka, therefore the results should be extrapolated with caution to different geographic
areas as patients may have a different genetic background, and endemic dengue virus serotypes
may differ. Both factors are not controlled for within this study. The population sample data
was obtained at different phase of infection and the study has a relatively small number of
patients with severe DI. Therefore, these results can be analyzed as a point estimate of the asso-
ciation of AL and severity of DI. This can be improved for future studies by serial analysis of a
patient’s FBC throughout the period of DI, from presentation to recovery, as well as include
FBC analysis from healthy participants as the control of the study. The Sysmex XS500i auto-
mated FBC analyzer may not be readily available in all laboratories in all developing countries,
hence, using AL to predict dengue severity may be limited to some institutions. However, we
hope that through this study, it demonstrates that routinely performed blood investigations
such as full blood count can be used to assess the severity of dengue infection, thus, appealing
to a wider audience to participate in using simple and cost-effective measurements for further
analysis.

Conclusions

Clinical manifestations of severe dengue have a significantly higher AL % compared to dengue
without warning signs. AL % at presentation may be predictive of severe DI and future larger
prospective longitudinal studies should be done to determine if AL % on admission is predic-
tive of the complications of DI later in the course of dengue infection.

Acknowledgments

We acknowledge the assistance given by the Director/General Manager and the management
of the Nawaloka Hospital PLC, Colombo, Sri Lanka. We also thank the staff of the Medical
Records Office and Computer Division unit of Nawaloka Hospital, Colombo. Finally, we
thank all patients and next-of-kin for providing the necessary information required for the
study.

Author Contributions
Conceptualization: Choong Shi Hui Clarice, Sanjay de Mel, Eng Soo Yap.

Data curation: Choong Shi Hui Clarice, Visula Abeysuriya, Sanjay de Mel, Lal Chandrasena,
Christina Yip, Eng Soo Yap.

Formal analysis: Visula Abeysuriya, Sanjay de Mel, Basuru Uvindu Thilakawardana, Primesh
de Mel, Chandima de Mel, Lal Chandrasena, Suranjith L. Seneviratne.

PLOS ONE | https://doi.org/10.1371/journal.pone.0215061 May 1, 2019 9/11


https://doi.org/10.1371/journal.pone.0215061

@ PLOS|ONE

Atypical lymphocyte count and the severity of dengue infection

Investigation: Visula Abeysuriya, Sanjay de Mel, Basuru Uvindu Thilakawardana, Primesh de
Mel, Chandima de Mel, Suranjith L. Seneviratne, Eng Soo Yap.

Methodology: Visula Abeysuriya, Sanjay de Mel, Basuru Uvindu Thilakawardana, Primesh de
Mel, Chandima de Mel, Lal Chandrasena, Suranjith L. Seneviratne, Eng Soo Yap.

Resources: Sanjay de Mel, Eng Soo Yap.

Software: Visula Abeysuriya.

Supervision: Christina Yip, Eng Soo Yap.
Validation: Visula Abeysuriya, Eng Soo Yap.
Visualization: Eng Soo Yap.

Writing - original draft: Choong Shi Hui Clarice.

Writing - review & editing: Choong Shi Hui Clarice, Sanjay de Mel, Christina Yip, Eng Soo
Yap.

References

1. Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, et al. (2010) Dengue: a continuing global
threat. Nat Rev Microbiol 8: S7—16. https://doi.org/10.1038/nrmicro2460 PMID: 21079655

2. HuyNT, Van Giang T, Thuy DH, Kikuchi M, Hien TT, et al. (2013) Factors associated with dengue
shock syndrome: a systematic review and meta-analysis. PLoS Negl Trop Dis 7: e2412. https://doi.org/
10.1371/journal.pntd.0002412 PMID: 24086778

3. Shepard DS, Undurraga EA, Halasa YA (2013) Economic and disease burden of dengue in Southeast
Asia. PLoS Negl Trop Dis 7: €2055. https://doi.org/10.1371/journal.pntd.0002055 PMID: 23437406

4. Sagib MAN, Rafique |, Bashir S, Salam AA (2014) A retrospective analysis of dengue fever case man-
agement and frequency of co-morbidities associated with deaths. BMC Research Notes 7: 205-205.
https://doi.org/10.1186/1756-0500-7-205 PMID: 24690140

5. Humayoun MA, Waseem T, Jawa AA, Hashmi MS, Akram J (2010) Multiple dengue serotypes and high
frequency of dengue hemorrhagic fever at two tertiary care hospitals in Lahore during the 2008 dengue
virus outbreak in Punjab, Pakistan. Int J Infect Dis 14 Suppl 3: e54-59.

6. Jaenisch T, Tam DT, Kieu NT, Van Ngoc T, Nam NT, et al. (2016) Clinical evaluation of dengue and
identification of risk factors for severe disease: protocol for a multicentre study in 8 countries. BMC
Infect Dis 16: 120. https://doi.org/10.1186/s12879-016-1440-3 PMID: 26968374

2009. Dengue: Guidelines for Diagnosis, Treatment, Prevention and Control: New Edition. Geneva.

8. Deen JL, Harris E, Wills B, Balmaseda A, Hammond SN, et al. (2006) The WHO dengue classification
and case definitions: time for a reassessment. Lancet 368: 170-173. https://doi.org/10.1016/S0140-
6736(06)69006-5 PMID: 16829301

9. PalS, Dauner AL, Mitra |, Forshey BM, Garcia P, et al. (2014) Evaluation of dengue NS1 antigen rapid
tests and ELISA kits using clinical samples. PLoS One 9: e113411. https://doi.org/10.1371/journal.
pone.0113411 PMID: 25412170

10. Bandyopadhyay S, Lum LC, Kroeger A (2006) Classifying dengue: a review of the difficulties in using
the WHO case classification for dengue haemorrhagic fever. Trop Med Int Health 11: 1238—-1255.
https://doi.org/10.1111/j.1365-3156.2006.01678.x PMID: 16903887

11.  SeoJY, Lee ST, Kim SH (2015) Performance evaluation of the new hematology analyzer Sysmex XN-
series. Int J Lab Hematol 37: 155—164. https://doi.org/10.1111/ijlh.12254 PMID: 24815300
12. 2008 Sysmex XE-Series Automated Hematology Systems. Flagging Interpretation Guide.

13. Jampangern W, Vongthoung K, Jittmittraphap A, Worapongpaiboon S, Limkittikul K, et al. (2007) Char-
acterization of atypical lymphocytes and immunophenotypes of lymphocytes in patients with dengue
virus infection. Asian Pac J Allergy Immunol 25: 27-36. PMID: 17891919

14. Datta L, Menon MP (2017) Plasmacytoid lymphocytes: a clue to dengue diagnosis. Blood 129:2202.
https://doi.org/10.1182/blood-2017-01-762500 PMID: 28408424

15. Oehadian A, Michels M, de Mast Q, Prihatni D, Puspita M, et al. (2015) New parameters available on
Sysmex XE-5000 hematology analyzers contribute to differentiating dengue from leptospirosis and
enteric fever. Int J Lab Hematol 37: 861-868. https://doi.org/10.1111/ijlh.12422 PMID: 26333341

PLOS ONE | https://doi.org/10.1371/journal.pone.0215061 May 1, 2019 10/11


https://doi.org/10.1038/nrmicro2460
http://www.ncbi.nlm.nih.gov/pubmed/21079655
https://doi.org/10.1371/journal.pntd.0002412
https://doi.org/10.1371/journal.pntd.0002412
http://www.ncbi.nlm.nih.gov/pubmed/24086778
https://doi.org/10.1371/journal.pntd.0002055
http://www.ncbi.nlm.nih.gov/pubmed/23437406
https://doi.org/10.1186/1756-0500-7-205
http://www.ncbi.nlm.nih.gov/pubmed/24690140
https://doi.org/10.1186/s12879-016-1440-3
http://www.ncbi.nlm.nih.gov/pubmed/26968374
https://doi.org/10.1016/S0140-6736(06)69006-5
https://doi.org/10.1016/S0140-6736(06)69006-5
http://www.ncbi.nlm.nih.gov/pubmed/16829301
https://doi.org/10.1371/journal.pone.0113411
https://doi.org/10.1371/journal.pone.0113411
http://www.ncbi.nlm.nih.gov/pubmed/25412170
https://doi.org/10.1111/j.1365-3156.2006.01678.x
http://www.ncbi.nlm.nih.gov/pubmed/16903887
https://doi.org/10.1111/ijlh.12254
http://www.ncbi.nlm.nih.gov/pubmed/24815300
http://www.ncbi.nlm.nih.gov/pubmed/17891919
https://doi.org/10.1182/blood-2017-01-762500
http://www.ncbi.nlm.nih.gov/pubmed/28408424
https://doi.org/10.1111/ijlh.12422
http://www.ncbi.nlm.nih.gov/pubmed/26333341
https://doi.org/10.1371/journal.pone.0215061

@ PLOS | O N E Atypical lymphocyte count and the severity of dengue infection

16. JOSHI AA, Gayathri BR, KULKARNI Swathi. (2017) Correlation of thrombocytopenia with degree of
atypical lymphocytosis. International Journal of Research in Medical Sciences 5: 4041-4046.

17. LumL, Ng CJ, Khoo EM (2014) Managing dengue fever in primary care: A practical approach. Malays
Fam Physician 9:2-10.

18. Kularatne SA, Weerakoon KG, Munasinghe R, Ralapanawa UK, Pathirage M (2015) Trends of fluid
requirement in dengue fever and dengue haemorrhagic fever: a single centre experience in Sri Lanka.
BMC Res Notes 8: 130. https://doi.org/10.1186/s13104-015-1085-0 PMID: 25889835

19. de Azeredo EL, Monteiro RQ, de-Oliveira Pinto LM (2015) Thrombocytopenia in Dengue: Interrelation-
ship between Virus and the Imbalance between Coagulation and Fibrinolysis and Inflammatory Media-
tors. Mediators Inflamm 2015: 313842. https://doi.org/10.1155/2015/313842 PMID: 25999666

PLOS ONE | https://doi.org/10.1371/journal.pone.0215061 May 1, 2019 11/11


https://doi.org/10.1186/s13104-015-1085-0
http://www.ncbi.nlm.nih.gov/pubmed/25889835
https://doi.org/10.1155/2015/313842
http://www.ncbi.nlm.nih.gov/pubmed/25999666
https://doi.org/10.1371/journal.pone.0215061

