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ABSTRACT

Background: Severe dengue virus (DVI) infection is characterized by plasma
leakage (PL) due to the release of vasoactive cytokines by immunocytes such
as monocytes, lymphocytes, and basophils. The response to Dengue Virus
(DENV) also affects the kinetics of monocytes, lymphocytes, and basophils,
thus changing the examination results of leukocyte types and monocyte-
lymphocyte ratio (MLR). MLR has been used as a biomarker and outcome
predictor in various diseases but not to predict PL in DVI. Objectives: To see
the correlation of monocytes, lymphocytes, basophils, and MLR with
hematocrit (Hct) which is a PL indicator. Methods: Correlative analytical
research with a cross-sectional approach was conducted on 71 pediatric DVI
patients at PKU Muhammadiyah Sampangan Hospital, Surakarta, in February-
April 2024. The diagnosis of DVI was confirmed by a pediatrician according to
WHO 2009 criteria. DVI patients who had a history of allergies, worms,
malignancies, and DVI with secondary infections were excluded from the
study. Absolute monocyte (AMC), lymphocyte (ALC), and basophil (ABC) count
values , as well as MLR and Hct, were obtained from the results of a complete
blood examination using a hematology analyzer. The Spearman Rho’s
correlation test was used to determine the relationship between variables with
values of p<0.05 and r>0.4 considered significant. Results: research obtained
AMC=median 313 (IQR 192) mm-3, ALC= median 1225 (IQR 1039) mm-3,
ABC=0 mm-3, MLR=0.22 (0.23). The results of the correlation analysis of
AMC, ALC, and MLR with Hct are AMC (r=0.01, p=0.918), ALC (r=0.351,
p=0.003), and MLR (r=0.41, p<0.001), while the correlation between ABC
and Hct could not be done due to no data variation. Conclusion: There is a
significant correlation between MLR and Hct, but not with AMC, ALC, and ABC
and Hct. MLR can potentially predict plasma leakage in patients with dengue
virus infection.
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INTRODUCTION

inadequate water supplies, poor sanitation and

Dengue virus infection is an infection caused by
DENV types 1-4. The World Health Organization
(WHO) reports that 3.5 billion people are living in
DVI endemic areas, including Indonesia. DVI cases
in Indonesia in 2022 reached 142,294 people with
the deaths of 1,227 people, while until February
2023, there were 710 cases reported with the deaths
of 6 people. These figures are expected to continue

to increase due to high population growth rates,

hygiene, increased global trade and tourism, global
warming, and the development of hyperendemicity
in urban areas (1,2).

Dengue virus infection does not always cause
symptoms. Of all people infected with DENV, only
40% have mild to severe symptoms. Mild symptoms
of DVI are flu-like fever, while severe symptoms of
DVI are mainly bleeding and shock due to plasma

leakage (3).
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Plasma leakage in DVI causes the transfer of
plasma fluid from the intravascular to the tissue,
which increases Hct levels (4). The increase in Hct
occurred on the third day due to PL to various
degrees (5).

The immune response to DENV causes plasma
leakage. The immune response to DENV is carried
out by various immunocytes, such as monocytes,
lymphocytes, and basophil cells (6,7). Monocytes
migrate to inflammatory tissue and transform into
dendritic cells (8). Monocyte-derived dendritic cells
(mo-DC) are infected with DENV. Migration of
infected mo-DCs triggers viremia (9). Infected
monocytes can undergo cell death through apoptosis
and pyroptosis (3). Monocytes in DVI, apart from
being targets of infection, also act as effectors
against DENV by producing tumor necrosis factor a
(TNF-a) and interleukin 1B (IL-1B) as well as
recognizing and processing DENV antigens to be
presented to T cells. Tumor necrosis factor a and IL
-1B trigger PL, while DENV recognition triggers an
adaptive immune response that activates TCD4+,
CD8+, and B cells. T cells produce macrophage
inflammatory protein 1B (MIP1B), TNF-a, and
interferon y (IFN-y). MIP1f increases the synthesis
of TNF-a and IFN-y, causing PL. Activated B cells
secrete IL-6 and TNF-a. Both cytokines are involved
in PL events (6,7,10,11).

The PL process is thought to be enhanced by the

response of basophil cells to DENV, considering that

there are reports that basophil cells also play a role
in viral infections (12). Basophilia, reflected in
absolute basophil count (ABC), and pseudo
basophilia are common in DVI (7,13). However,
DENV exposure to basophil cells increased the
production of IL-1B and IL-6. These cytokines are
known to be involved in the pathogenesis of PL (14).

DENV infection triggers immunocyte kinetics
(15). Monocytes undergo migration from the bone
marrow to the blood (16,17). Intermediate
monocytes increase in number in the blood, while
classical monocytes decrease in DVI (18). Some
monocytes remain in the blood, while others enter
the infected tissue (8). TCD4* and CD8* cells
migrate to tissues, while activated B cells are found
in the blood as plasma cell and atypical lymphocyte
cells (plasmacytoid lymphocyte or lymphocytoid
plasma cell) (19-21). Migration of monocytes from
the bone marrow tends to increase the number of
monocytes, while migration to tissue has the
opposite effect. It affects AMC (22). Migration of
TCD4* and CD8* cells tend to decrease the number
of lymphocytes in the blood, while atypical
lymphocyte cells tend to increase. This condition
causes changes in ALC. Monocyte kinetics and
lymphocyte kinetics as well as changes in
lymphocyte composition in the blood of DVI patients
will change the MLR (23,24).

Previous studies have been done regarding the

relationship between immunocytes and hematocrit.
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However, the relationship between immunocytes,

such as monocytes and lymphocytes, with
hematocrit is primarily indirect. In general, previous
research reported that there was a relationship
between monocytes and lymphocytes and the
degree of severity, assuming that the degree of
severity of DVI was identical to PL, which was
characterized by an increase in Hct (25-28). It is not
appropriate because the WHO diagnostic criteria for
DVI are underrated when estimating PL (4).
Meanwhile, previous research regarding the
correlation of basophils with hematocrit in DVI has
never been carried out.

A number of studies report the use of
Neutrophil-lymphocyte ratio (NLR) as a predictor or
indicator of severe DVI. However, the results
reported regarding the NLR cutoff as a predictor are
not uniform and require serial NLR examinations
(29-31). Other methods need to be developed to
overcome this problem. One potential method is
MLR. Monocyte Lymphocyte Ratio is a cheap and
easy biomarker of infection and inflammation (32).
Monocyte Lymphocyte Ratio has been used as a
biomarker and predictor of outcomes in various
diseases such as cancer (33), cancer metastases
(34), heart disease (35), chronic kidney failure (36),
retinal occlusion (37), endophthalmitis (38),
osteoarthritis (39), gout arthritis (39), Corona Virus

Disease-19 (40), Influenza (41), malaria (42), and

pneumonia (43). For DVI cases, there have been no
reports of the use of MLR as a predictor of PL.

Research on the correlation between
lymphocytes, monocytes, and PL was based on the
assumption that in DVI, PL was found along with the
severity of the degree of DVI. Meanwhile, previous
research regarding the correlation of basophils and
MLR with hematocrit in DVI has never been carried
out. Based on this background, research that
correlates AMC, ALC, ABC, and MLR with Hct
necessarily needs to be carried out.
METHODS

The research uses a correlative observational
analytical research type with a cross-sectional
design. The research was conducted at PKU
Muhammadiyah Sampangan Hospital, Pasar Kliwon,
Surakarta, from 1 February — 31 April 2024. The
target population was all pediatric DVI patients,
while the actual population was pediatric DVI
patients treated at PKU Sampangan Hospital,
Surakarta. Inclusion criteria were a diagnosis of DVI
by a pediatrician according to WHO 2009 criteria,
suffered from DVI on days 3 — 5, and age < 15 years.
The exclusion criteria were having another infectious
disease established at the time of the study, a history
of allergies, a history of malignancy, a history of
worm infections, never having received a dengue
vaccine, and not being willing to be involved in the

research.
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The research sample was 71 patients. The
sample size was calculated using the sample size
formula for research on correlative analysis of
numerical data. Sampling was carried out using
consecutive non-probability sampling. The research
independent variables are AMC, ALC, ABC, and MLR,
while the dependent variable is Hct.

The research procedure follows: Blood from
patients who meet the restriction criteria is taken
using an aseptic phlebotomy technique. Blood was
collected in a blood collection tube with K3EDTA
anticoagulant (OneMed, Indonesia). The blood was
taken to the Clinical Pathology Laboratory at PKU
Muhammadiyah Hospital Sampangan Surakarta for a
complete blood test using a Mindray BC-5000
Hematology analyzer (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd, China). The results of
the examination are used to calculate AMC, ALC,
ABC, MLR, and Hct with the formula: AMC = number
of leukocytes x % monocytes, ALC = number of
leukocytes x % lymphocytes, ABC = number of
leukocytes x % basophils, while MLR = divide the
number of AMC by ALC.

The data obtained were processed using
Jeffreys's Amazing Statistics Program software
version 0.16.1.0 (Amsterdam University). A p-value
<0.05 with r>0.4 was considered significant.

The research has received approval from the

Health Research Ethics Committee of the Faculty of

Medicine, Universitas Muhammadiyah Surakarta,
with number 5189A/B.2/KEPK-FKUMS/11/2024.
RESULT AND DISCUSSION

The research was conducted at PKU Muhammadiyah
Hospital Sampangan Surakarta from 1 February to
31 March 2024. It involved 71 research subjects,

whose characteristics are presented in Table 1.

Table 1. Subject Characteristics

Subject Characteristics Result
Sex
Male (%) 48
Female (%) 52
Age * 7(7,5)

Temperature (°C) **
Weight (kg) *

37,68 (0,5)
23,1 (23,75)

Bleeding Manifestation (%) 39,45
Epistaksis (%) 15,49
Peteki (%) 28,12

Abdominal pain (%) 52,11

Muscle pain (%) 28,17

Disease Severity
Dengue without WS (%) 32,39
Dengue with WS (%) 57,75
Severe Dengue (%) 9,86

Hematocrit (%) * 38,3 (7,2)

Leucocyte (mm-3) 3290 (1575)

AMC (mm3) * 313 (192)
Monocytopenia (%) 19,72
Normal (%) 74,65
Monocytosis (%) 5,63

ALC (mm3) * 1225 (1039)
Limfocytopenia (%) 63,38
Normal (%) 35,21
Limfocytosis (%) 1,41

ABC (mm3) * 0

MLR (mm-3) * 0,22 (0,23)

Note: (°C) degrees Celsius, (kg) kilograms, (/mm3) per
cubic mm, * data presented as median (IQR), categorical
data presented as percentages, ** data presented as
mean (SD), VS-MPR (Vovk-Sellke Maximum p-Ratio), WS
(warning sign).

The results of the correlation test between research
variables are presented in table 2.

Table 2. Spearman's Rho correlation test results

Corelation r-value p-value VS-MPR
AMC - Hct 0,012 0,918* 1
ALC - Hct 0,351 0,003** 23,03
ABC — Hct Na Na Na
MLR - Hct 0,41c <0,001** 117,89

Note: 2 is not correlated, ° is weakly correlated, ¢ is
moderately correlated, Na = Not available, *not
statistically significant, **statistically significant.
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Hematocrit is an essential parameter in DVI
because Hct is one of the benchmarks for the
presence of PL (4). Table 1 shows that the median
Hct level of research subjects were 38.3%. Several
previous studies reported that Hct levels in DVI
patients were generally <40% (44-48), although
there are also research results that reported >40%
(49). The exciting thing is that whatever the Hct level
reported, DVI patients admitted to the hospital
generally have experienced PL (5). Hct levels >45%
indicate the presence of PL (50), although it does
not mean that a normal Hct in a DVI patient indicates
the absence of PL. The underlying reason is that
bleeding in DVI patients causes a decrease in Hct
despite PL (51).

The number of leukocytes from the research
was 3290/mm3. This number is below the reference
value, so it is said that the research subjects
experienced leukopenia (52). This study's results
align with previous research (53-55). Leukopenia is
common in DVI (51) and in most other viral
infections (56,57). It is due to the suppression of
hematopoiesis in the bone marrow (58). It was
reported that leukopenia began on day 2.5 (44) and
further stated that leukopenia is a predictor of
severe DVI in children (59).

Table 1 shows that the median AMC was 313
(192)/mm3. These results indicate that the amount
of AMC is average because it is between 200-

800/mm? (60). Comparison of AMC results with AMC

reference range shows that 74.65% of AMC are

categorized as normal, 19.72% have
monocytopenia, and only 5.64% have monocytosis.
The results of this research are in accordance with
previous studies which reported that monocytes in
DVI patients were within the normal range
(53,61,62). However, previous research results also
reported monocytosis (28,63) and monocytopenia
(55). The cause of the difference in results is the
difference in data collection time and degree of
severity. Patients with severe DVI and collection time
during the critical period tend to produce
monocytosis (63), while non-severe DVI (dengue
without WS and with WS) tend to produce normal
monocytes (53,61,62). The normal monocyte results
in this study were due to two reasons. First, the loss
of monocytes from the circulation is offset by a
supply from the bone marrow. Monocytes migrate
from the circulation to sites experiencing
inflammation due to DVI (8). Many monocytes
undergoing apoptosis and pyroptosis due to
infection with DENV or exposure to TNFa (3,64).
Both of these reduce the number of monocytes, but
high levels of CCL2 in the DVI cause the release of
monocytes from the bone marrow into the
circulation (65-69). Second, there is a change in the
percentage of monocyte subsets in the blood. In
DVI, there was an increase in the intermediate

monocyte subset CD14** CD16* but a decrease in

the classical monocyte subset CD14++*CD16 (18,70).
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Other research states that in DVI, there is an
increase in classical and intermediate monocytes but
a decrease in non-classical monocytes (71). Both
types of monocyte subset changes caused the
number of AMCs to remain unchanged.

Based on table 2, it was found that AMC was not
correlated with Hct (r = 0.01, p = 0.918). The VS-
MPR value = 1, it indicates that there is no
correlation between AMC and Hct. This is caused by
intermediate and classical monocytes produce
cytokines that trigger PL (72), whereas non-classical
monocytes  produce cytokines that cause
vasoconstriction (71). Increases in intermediate
monocytes and decreases in  non-classical
monocytes lead to increases in cytokines that
promote PL but decrease levels of cytokines that
protect endothelial integrity (71), causing an
increase in vascular permeability that triggers PL,
characterized by an increase in Hct (4). The number
of AMCs does not change with an increase in Hct due
to cytokines produced by monocytes, so there is no
direct correlation between AMC and Hct. Based on
this, AMC does not have the potential to be used as
a PL indicator.

Lymphocytes are essential immunocytes in the
immune response to DENV (73). Table 1 showed
that the median ALC was 1225 (1039)/mm3. In
detail, the lymphocytes from the research results can
be categorized into three categories, namely 63.38%
35.21% 1.41%

lymphopenia, normal, and

lymphocytosis. Based on the ALC reference figures,
which range from 1,500-7,000/mm?3 (74), the study
results are included in the lymphopenia category.
The detailed lymphocyte categories confirmed the
conclusion of lymphopenia, which showed that
63.38% of patients had lymphopenia. Lymphopenia
occurs due to infection of hematopoietic progenitor
cells by DENV, activation of T cells, infection of bone
marrow stroma by DENV, and migration of
lymphocytes to infected tissue (75,76). The results
of this study are in line with previous research (61),
although there are research results that differ.
Setiawan et al. (2024) reported that lymphocytosis
occurred in DVI patients (77), while Rai et al. (2019)
reported that the number of lymphocytes in DVI
patients was normal (62). This difference is due to
the restriction criteria and DVI classification
(61,62,77).

The results of the statistical analysis of the
correlation between ALC and Hct showed a weak
correlation (r=0.351) that was statistically significant
(p=0.003). The VS-MPR value = 23.03 supports
statistical significance, it indicates that there is a
correlation between ALC and Hct.

Lymphopenia has been used as a predictor of
DVI diagnosis (78) and even a predictor of DVI
severity (75). However, the research showed a mild
correlation between ALC and Hct (r=-0.351,
p=0.003, and VS-MPR = 23.03). These results are

not like the criteria established to determine the
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existence of a correlation between ALC and Hct, so
there is no correlation between ALC and Hct.
Lymphocytes play a role in the immune response to
DENV (73). Cytokines produced due to lymphocyte
activation play a role in PL (6,7,10,11). Based on
this, it is strongly suspected that the parameters that
correlate well with Hct are cytokines produced by
lymphocytes and not the lymphocytes themselves.
From the research results, it can be concluded that
lymphocytes independently are not good enough to
be used as predictors of PL, even though it is said
that lymphocytes are a predictor of the severity of
DVI. The research results of Rodrigo et al. (2021)
support this statement(4). According to their
research, the WHO DVI criteria are overrated for
detecting the severity of DVI but underrated for
detecting PL (4).

The absolute basophil cell count as a result of
research findings is 0/mm3. The reference value for
ABC is 0-150/mm? (79). These results indicate that
the ABC found is still within the range of the ABC
reference value. The number of ABC in all samples
was 0, causing no variation in the results of
measuring the number of basophils, so the
correlation between ABC and Hct could not be
carried out. However, logically, the absence of
basophils in the circulation indicates no correlation
between ABC and Hct. The results of this study are
different from previous research by Malathesa et al.

in 2014, which stated that 52.9% of DVI patients

experienced basophilia (7), but are in line with the
results of research by Manuel et al. in 2012, which
reported that high basophils are pseudo basophilia
not due to increase in absolute basophils. It occurs
because atypical lymphocyte cells are resistant to
lysis, so the hematology analyzer machine counts
them as basophils (13). Another explanation for why
there is no increase in basophils is that there is a
shift in the count of leukocyte types to the right in
dengue virus infection so that mononuclear levels
abundant than

are relatively more

polymorphonuclear basophils and eosinophils
(80,81). In addition, basophil cells can be infected
by DENV. DENV infection of basophils triggers the
autophagy process in basophil cells. DENV needs the
autophagy process to support its life cycle. The
effect of autophagy that occurs in basophil cells is
basophil cell apoptosis (82). Basophil cell death
causes a decrease in the number of basophil cells.
Since the number of basophil cells in the circulation
is only 0-0.5%, basophil cell apoptosis causes the
number of basophil cells to decrease further. It may
not be detected on CBC examination using a
hematology analyzer.

Previous findings indicate that basophil cells are
involved in the immune response to DENV. It is
possible because there is evidence that high levels
of anaphylatoxins (C3a and Cba) and

immunoglobulin E (IgE) are found in DVI patients.

Complement and IgE are known to be factors that
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activate basophil cells. Activated basophil cells
release vasoactive substances such as leukotrienes
and chymase, which cause PL. DENV-infected
basophil cells secrete vasoactive cytokines such as
IL-1B and IL-6, which are known to induce PL. In
addition, active basophil cells release histamine.
High histamine levels in the blood and urine of DVI
patients correlate with the degree of DVI disease. It
further strengthens the fact that basophil cells are
involved in DVI immunopathogenesis (12,82-84).
However, the absence of basophil cells in the blood
of DVI patients in this study means that basophil
cells still do not have the potential to be used as a
PL indicator.

Table 1 shows that the median MLR value is 0.22
(0.23). Until now, there is no definite reference value
for MLR, but referring to the normal reference values
of AMC and ALC, an estimate of the normal range
for MLR can be made, around 0.11-0.13 (60,85).
Based on the estimated range of reference values, it
can be seen that there has been an increase in the
MLR value. Increased MLR has been reported to
occur in DVI, even early in the infection (23).
Monocyte Lymphocyte Ratio in severe DVI is slightly
higher than in mild DVI (24). It was further reported
that MLR can be used as an initial reference to
differentiate malaria from DVI (86). The increase in
MLR in this study occurred due to a decrease in
lymphocytes, considering that the number of

monocytes was relatively stable.

Monocyte-lymphocyte ratio correlated with Hct
with a moderate correlation (r=0.41) and was
statistically significant (p=<0.001). The VS-MPR
results (117.89) it indicates that there is a correlation
between MLR and Hct. It makes MLR potentially
useful as a PL predictor. MLR is better than NLR
because it is based on AMC and ALC calculations
which are often affected by DENV infections (87,88),
the immune response to DVI is generally
characterized by the polarization of Th1l cells which
affects monocytes more than neutrophils (89), and
NLR is more useful in predicting the severity of other
viral infections such as COVID-19 than dengue fever
(90).

There are several limitations in this research.
Among the limitations of this study is that it used
DVI patients without grouping them into degrees of
DVI and did not use baseline data. The implication
obtained from the research is that MLR needs to be
considered when treating DVI patients and has the
potential to be used as a predictor of PL. The results
and limitations of the research led to further
research being carried out on the same topic but
adjusted to the degree of severity, considering
baseline data and using MLR as a predictor of PL in
DVI using diagnostic studies.

CONCLUSION
The research results show a significant correlation

between MLR and HCT but no correlation between

AMC, ALC, ABC, and HCT.
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