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ABSTRACT

Background: Dengue mosquito borne viral infection consisting of four serotypes has been increasing morbidity and
mortality to steady rise in India for more than decade. Lack of specific treatment caused significant challenges to the
health system in the management of fatal cases. The clinical spectrum of dengue, caused by any of the four serotypes
of DENV, ranges from mild self-limiting dengue fever to severe forms of dengue such as hemorrhagic fever (DHF) and
dengue shock syndrome (DSS).
Objective: To study and analyze natural anti-viral therapy (Cissampelos pareira mix) efficacy against dengue virus
using PET CT as biomarker for the treatment efficacy. Methodology: 31 patients sample size; 18 patients serologically
positive for dengue were analyzed prospectively. 3 patients with negative serology test were excluded from the study; 10
patients were assigned to control group. All positive serotype patients were analyzed using the NS1 antigen test; serotype
grouping was also performed for all 18 patients. Before and after 2 weeks of use of natural antiviral (CP mix) therapy,
followed up by PET CT. Ultrasound (n=18) and CXR (n=18) were performed as standard screening protocol for all 18
patients to rule out radiological abnormality. Other Radiological investigations were also used for screening ( CT ABD
n=2, MR Brain=3 & CT chest n=4) for a few patients that had more severe symptoms after USG & CXR as an additional
test before PET CT to avoid false positive results. Hematology study (n=8) was also performed in a few patients that had
more severe symptoms.
Results: data descriptive statistics frequency analysis was applied for analysis of PET CT of 18 patients. Percentage analysis was Chi- Square test was applied to test the significance of the categorical data. Patients were grouped into primary
(n=8) and secondary (n=10) groups based on the clinical manifestation.
Conclusion: compared to the current extensive use of PET CT in oncological imaging, infection monitoring and treatment efficacy, it will be a big breakthrough challenge, future prospects for infection imaging and treatment efficacy
monitoring.
Keywords: 18F-FDG PET/CT; dengue DENV SEROTYPES: Antiviral (Cissampelos pareira CP mix) therapy, vaccines,
future prospects.

INTRODUCTION & BACKGROUND
According to the statistics, dengue endemic in
India (Figure 1) prevalence rate and morbidity
and mortality ratio has been increasing for more
than decade.
There are four known serotypes of dengue, but
severe form of dengue fever is caused by infection by more than one serotype.
Dengue virus is a single‑stranded RNA virus
of Flaviviridae family. There are four distinct
yet closely related serotypes of dengue virus
– DEN1, DEN2, DEN3, and DEN4. Recovery

from infection ensures lifelong immunity from
the particular serotype. However, cross immunity to other serotypes is partial and temporary.
The virus serotypes are closely related but antigenically distinct [11,12,14,15].
Dengue is one disease entity with different clinical presentations that often has unpredictable
clinical evolution and outcome [6]. Two types of
infections are caused by DENV, namely, primary infection and secondary infection. Primary
infection causes acute febrile illness known as
dengue fever. Secondary infection is more severe
and results in hemorrhagic fever (DHF) or den101
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gue shock syndrome (DSS)[7]. Both DHF and
DSS can be fatal and can lead to death of the patients [8].
WHO classification for dengue manifestations:
Undifferentiated fever
Dengue fever (DF)
Dengue hemorrhagic fever (DHF)
4 severity grades
Grades III and IV: dengue shock syndrome
(DSS)
Radiological manifestation of dengue are described extensively in the reviews of literature,
however, the findings are non-specific.
The
radiotracer
18F-fluorodeoxyglucose
(18F-FDG) is widely used in clinical medicine
for non-invasive imaging, staging, and monitoring treatment responses of neoplastic diseases [23]. 18F-FDG has also been used to inspect
the non-specifically image sites of viral infection or inflammation; the findings may be proportional to the glycolytic activity of the cells
that trap [17, 18].
After intravenous application, 18F-FDG is preferably stored in tissues with high glucose consumption. The tracer is filtered in the kidney glomeruli, and only a small amount is reabsorbed
by the renal tubular cells. Rapid clearance of
18F-FDG from the intravasal compartment results in a high target-to-background ratio within
a short time, and imaging. Bio distribution of the
18F-FDG active transport by a Na1-dependent
glucose transporter (GLUT), is important in kidney epithelial cells as well as the digestive tract.
A high accumulation of 18F-FDG is regularly
observed in the brain, especially in the cortex
and the basal ganglia. Cardiac uptake is infrequently noted and often patchy. Accumulation
of 18F-FDG activity in the urine is common.
Circumscribed or diffuse gastrointestinal uptake
may be caused by smooth muscle peristalsis. Uptake of 18F-FDG in the reticuloendothelial system, especially in the bone marrow, varies.
To confirm the pathological accumulation, tailored follow up PET CT is essential, according
to the disease pattern, and also 18F-FDG could
not be used to stand alone due to false positive
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results. If other radiology imaging is additionally applied as screening protocol, the pathologic
18F-FDG accumulations can significantly reduce false-positive findings.
In case of infection, abdominal and pelvic abscesses, active tuberculosis, bacterial colitis, diverticulitis, and infected vascular grafts can be
accurately identified by 18F-FDG PET, sensitivity generally exceeding 90% [4,5].
18F-FDG PET appears to be a reliable, non-invasive method of monitoring disease activity and
response to therapy. In a prospective series of
GCA patients, 18F-FDG PET was more reliable
than MRI in monitoring disease activity during
immunosuppressive therapy. Normalization of
18F-FDG uptake during follow-up clearly correlated with clinical improvement and normalization of laboratory findings, whereas MRI performed at similar intervals on the same patients
showed improvement in only a minority of the
vascular regions that had initially shown vessel
wall thickening. Enlarged lymph nodes in the
infection conditions are of higher sensitivity, it
is a must to avoid nodal biopsy in the future and
diagnosis efficacy has to be replaced by PET CT.
As there is no cross-protection between the four
dengue serotypes, and because of the possibility
of the immune enhancement by monotypic antibody leading to DHF with subsequent natural
infections, worsening cross infections and Antibody mediated enhancement are possible.
Indian scientists at the International Centre
for Genetic Engineering and Biotechnology
(ICGEB), New Delhi have developed a DENV-2
E protein based non-infectious virus-like particle (VLP) using the yeast Pitchia pastoris as the
expression system. The DENV-2 E VLP was able
to induce high titre of neutralizing antibodies in
murine models, however, the research is still at
initial stage.
Live attenuated dengue virus vaccines should be
tetravalent formulations producing a balanced
neutralizing immune response that acts protectively against all four serotypes. Currently Sanofi
Pasteur’s vaccine has overgone phase III trials in
India, however, it was not approved, as the age
group < 9 years was not included, extensive serotype immunity analysis was not done in India
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& dengue vaccine induced infection cases also
proved. Although there are vaccines available for
other flaviviruses, development of a dengue vaccine is complicated by the phenomenon known
as antibody-dependent enhancement (ADE)[5].
Hypothesis of another study, RNAI against
DENV, states that RNAI exciting field of the
functional genomics can silence viral genes.
However, this study has not performed trials in
either humans or definitive animal models.
The prevalence of mosquito vector, circulation of
all four dengue viruses, that are endemic in India,
drug or vaccine for dengue needs are increasing.
According to our knowledge, few human trials
has only done with anti-viral drugs, but none efficacy was followed by PET CT significance.
Cissampelos Pariera (CP mix) with Triphala has
been used extensively in India for menstrual irregularity for a century in Ayurvedic medicine.
This herbs also grows and is largely cultivated in
India; it is easily available in market. As of now,
no side effects have been proved. Cissampelos
Pariera natural antiviral efficacy study was performed by Ruchi Sood et al, stating that this
therapy is effective against all four serotypes.
However, trials in humans were not performed
and only microbiological investigation was applied as treatmen monitoring biomarkers. No
additional investigation was performed.
AIM
The main purpose of our study was to achieve
significance of Cissampelos Pariera (CP Mix)
against all four serotypes of dengue and to be
proved by PET CT as biomarker.
METHODOLOGY
Sample size - 31 patients, 18 patients serologically positive for dengue were prospectively analysed. 3 patients with negative serology were excluded from the study; control group consisted
of 10 patients.
Serologically positive patients should have
non-structural protein-1 (NS-1) Ag test, therefore, dengue immunoglobulin G/immunoglobu-

lin M tests were performed to confirm the diagnosis. NS-1 undergoes least antigenic variation
and is a glycoprotein present in high concentration in the serum of dengue infected patients.
18 patients that were serologically positive and
grouped according to the serotypes grouped
were included in this prospective study. 10 patients were assigned to the control group, separately subjecteded to PET CT to rule out false
positive results. Haematological study was also
performed, patients with haemorrhagic or suspicious shock symptoms (platelets, haematocrit
concentration and leucocytes) were included in
study.
As illustrated in figure 3, flow chart design for
patient selection mentioned. Hematological investigation carried out in (n=8) patients where
clinical suspicion of dengue hemorrhagic and
shock manifestation. Radiological procedures
(abdomen US and CXR) uses as baseline in all
18 serological proved cases. Radiological (CT
& MRI) and tailored according to clinical suspicion and to avoid false positive results in PET
CT acquired data. CT (CT chest or abdomen, n=
2) & MRI brain (n=3) scans were included in the
study as according to clinical manifestations.
Figure 4, based on radiological / hematological
and clinical manifestations was classified into
two groups (Primary and Secondary group).
Primary group is presented with mild fever or
asymptomatic at the time of the study, yet serologically proved (n=5) and three patients (n=3)
with fever.
Secondary group is symptomatic and have undergone all the above-mentioned investigations,
as for the primary group, only baseline modality
investigations were done (n=15).
Ultrasound (n=18) and CXR (n=18) were also
performed as a part of standard screening protocol for all 18 patients to rule out radiological
abnormality. Other radiological investigations
were also used for screening (CT ABD n=2, MR
Brain=3 & CT chest n=4) in a few patients that
had more severe symptoms as additional test.
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Moreover, a hematology study was also performed in a few patients (n=8) that had more
severe symptoms (platelet count and hematocrit
level tests were only performed for a few patients
that had more severe symptoms).
Plant Cissampelos pareira. After filtered, dried
and concentrated at low pressure, capsules were
prepared from plant powder extract.
Cissampelos mix was given to patients as 500 mg
dose along with Triphala (Amla Indian gooseberry extract) 150 mg dose. Triphala extract was
added to immune system in dengue infected
patients. The volume of the oral dose was standardized as 650 mg, given twice daily and all our
patients tolerated Ayurvedic substance well, with
no side effects during therapy and after general
3 months follow up. No drug related side effects
were documented.
After initial PET CT performed in 18 patients,
650 mg Cissampelos mixed anti-viral introduced
in two divided dose for continuous 14 days after
meals as designed by our herbalist. After 14 days
follow up of each patient, second PET CT study
is reviewed. All patients successfully completed
follow up PET CT after post therapy course.
STATISTICAL ANALYSIS
The collected data was analyzed with IBM SPSS
statistics software 23.0. To describe data we used
descriptive analysis. Percentage, analysis were
used. Chi-Square test was used to test significancy in categorical data. In the above statistical
tool the probability value .05 is considered as a
significant.
ETHICAL CLEARANCE
Written informed consent was obtained from all
18 patients, and legally registered. Ethical clearance was also formally obtained from institutional board from ANNAI and TAGORE teaching hospital.
PET CT IMAGING PROTOCOL AND IMAGE ANALYSIS
All patients involved in the study underwent
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whole body 18F-FDG PET/CT. An appointed PET/CT scanner (Biograph 16 HR, by GE
DVCT) was used. The PET component is a high
resolution scanner with a spatial resolution of
4.7 mm and has no septa, thus allowing 3-dimensional-only acquisitions. Together with the
PET system, the CT scanner is used both for attenuation correction of PET data and for the localization of 18F-FDG uptake in PET images. All
patients were advised to fast for at least 4 hours
before the integrated PET/CT examination. Each
patient’s blood glucose level was tested prior to
the tracer injection. The threshold of blood glucose level for FDG injection was below 180 mg/
dL. After injection of about 3 MBq of 18F-FDG
per kilogram of body weight, followed by saline
push. The procedure is followed by a standard
CT contrast study (Omnipaque with maximum
of 60 ml, body weight calculated protocol). All
patients rested for a period of about 60 min in a
comfortable position. Emission images ranging
from the proximal femur to the base of the skull
were acquired for 2-3 min per bed position. Acquired images were reconstructed using the attenuation weighted - ordered subset expectation
maximization (OSEM) iterative reconstruction,
with 2 iterations and 8 subsets. The Gaussian
filter was applied to the image after reconstruction along the axial and trans axial directions.
The data were reconstructed over a 128 × 128
matrix with 5.25-mm pixel size and 2-mm slice
thickness. Processed images (3 sections PET CT)
were displayed in coronal, transverse, and sagittal planes.
IMAGE ANALYSIS AND INTERPRETATION
Persistent avid PET CT uptake was observed in
all three phases up to 2 hours taken as positive
PET CT scan.
PET/CT images were also assessed quantitatively
using the maximum standardized uptake value
(SUV max). All PET/CT scans were performed
by a nuclear medicine specialist who interpreted
all images.
Radiological imaging (CXR, ABDOMEN US)
and tailored modality of choice were done by
one of the senior radiologists.
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RESULTS
Table 2 and Figure 7 showing incidence of DENV
serotypes in our study group (before and after
anti-viral CP mix) efficacy monitoring results
from PET CT.
In our study, CP mix is effective against DENV
TYPE 1 & TYPE 2 in more than 60% significant
correlation, as compared to DENV TYPE 2 &
TYPE 4 50% significant correlation.
Table 3, showing percentage of Serotypes before
and after PET CT by CP mix efficacy by percentage calculation in another methodology.
Serotype DENV 1, showing 83% before CP mix

proved to be reduced to 16 % after therapy. Likewise all serotype showing percentage of reduction as mentioned in table 3.
In above mentioned table-4, showing chi square
test and like hood ratio for Anti-Viral therapy before and after PET CT is above 0.789 and
hence proved to be statistically significant.
Table 1, 5 (a and b) also showing before and after
CP mix therapy, in primary & secondary group
in our study results.
Radiological/clinical and haematological interpretation before and after CP mix therapy reduction rate and efficacy is in moderate nature.
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DISCUSSION
The validity of 18F-FDG mapping of 18F-FDG
tissue uptake by terminal bio distribution studies
showed a consistent and prominent tissue-specific uptake pattern in the spleen, small intestine
and large intestine, for both nonlethal primary
and secondary seen in all serotypes
Radiological and haematological manifestations
were not correlating with PET CT changes in our
study. Results are equivocal in our study. Likewise study mentioned viremia load and clinical
manifestation in dengue not correlating (12, 13)
Radiological and haematological investigations
used in our study do not reap any significance
overall. Main objectives for using radiological
and other investigations in our study was to
avoid false positive or to analyse sensitivity of
Before PET CT in picking up hyper-metabolic
activity in cross modality positive cases. Results
are mixed in our study. All four serotypes, CP
mix do not yield better results in post PET CT
follow up. DENV 1 & 2 serotypes have moderate
results as compared to DENV 3 & 4.
In 3 cases, nodal avid uptake positive in PET CT.
Subsequent lymph node biopsy also revealed

atypical nodal infection before CP mix therapy. After therapy, significant changes in hyper
metabolic activity were seen in 3 of our cases.
Persistent increased activity seen in intestines,
lymph nodes, spleen and after drug reduced in
few patients. Although 18F-FDG PET is a stateof-the-art procedure for the assessment of multiple malignancies, it is still not used as a routine procedure in the work-up of FUO/infection.
18F-FDG uptake was sufficiently sensitive as a
biomarker to distinguish between primary dengue virus alone and lethal antibody-enhanced
infection ADE infection [11,12]. The 18F-FDG
PET/CT scan confirmed inflammation of several
joints and lymph nodes infection. But 18F-FDG
been suggested for infection-associated inflammation biomarker, cannot standalone due to low
specificity [6-9].
There are no biomarkers that can sensitively
distinguish viral load reduction due to innate
cellular antiviral response from the viral load
reduction or due to antiviral drug-mediated
mechanisms [27-29]. Increased cytokine production is one of the hallmarks of dengue infection. The “cytokine storm” with its accompany109
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ing inflammation and vasculopathy, is thought
to play a critical role in disease severity [31,32].
Cissampelos pariera Linn (Cipa extract) was a
potent inhibitor of all four DENVs in cell based
assays, assessed in terms of viral NS1 antigen secretion using ELISA, as well as viral replication,
based on plaque assays (1). Virus yield reduction
assays showed that Cipa extract could decrease
viral titers by an order of magnitude. The extract
conferred statistically (1). However, this study
lacks human trials as done in Wister rats, moreover study efficacy done exclusively in microbiology based, no PET CT study included to monitor
metabolic activity.
Cipa extract targets effect on secretion of inflammatory cytokines as mentioned in previous
study. In our small series study, the method was
successful in analyzing metabolic activity decreased in previous infected regions like lymph
nodes, spleen, intestine, following Cissamepelos
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mix in more than 50 % sensitivity.
However, limitation of study is small volume but
still successful attempts in monitoring treatment
efficacy.
Dengue is a major threat due to DSS, especially
in tropical countries like India
CONCLUSION
Ayurveda science based Cissampelos Mix
against dengue virus by PET CT evaluation for
monitoring efficacy, manifests potent antiviral
activity against at least two DNEV viruses more
than 50% accuracy and moderate improvement.
However, outcome of this drugs in large series
has to be studied and yet it is a future challenge
in the clinical use.
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