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SUMMARY

Keywords

Does coronaviruses induce neurodegenerative diseases? A systematic
review on the neurotropism and neuroinvasion of SARS-CoV-2

Ines ElBini Dhouib1,2,*

1 Institut Pasteur de Tunis, Laboratoire des Biomolécules, Venins et Applications Théranostiques, Tunis, Tunisia; 
2 Université de Tunis El Manar, Tunis, Tunisia. 

SRAS-CoV-2, neurotropism, neuroinvasion, neurodegenerative diseases

The novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was 
identified in 2019 in Wuhan, China. Clinically, respiratory tract symptoms as well as other organs 
disorders are observed in patients positively diagnosed coronavirus disease 2019 (COVID-19). In 
addition, neurological symptoms, mainly anosmia, ageusia and headache were observed in many 
patients. Once in the central nervous system (CNS), the SARS-CoV-2 can reside either in a quiescent 
latent state, or eventually in actively state leading to severe acute encephalitis, characterized by 
neuroinflammation and prolonged neuroimmune activation. SRAS-CoV-2 requires angiotensin-
converting enzyme 2 (ACE2) as a cell entry receptor. The expression of this receptor in endothelial 
cells of blood-brain barrier (BBB) shows that SRAS-CoV-2 may have higher neuroinvasive potential 
compared to known coronaviruses. This review summarizes available information regarding the 
impact of SRAS-CoV-2 in the brain and tended to identify its potential pathways of neuroinvasion. 
We offer also an understanding of the long-term impact of latently form of SARS-CoV-2 on the 
development of neurodegenerative disorders. As a conclusion, the persistent infection of SRAS-
CoV-2 in the brain could be involved on human neurodegenerative diseases that evolve a gradual 
process, perhapes, over several decades.

1. Introduction

Coronaviruses (CoVs) are positive-sense RNA viruses 
that belong to the Coronvirinae subfamily, in the 
Coronaviridae family of the Nidovirales order (1). This 
family is classified into four subgroups alpha, beta, 
gamma, and delta. Alpha- and beta-coronaviruses infect 
only mammals, usually causing respiratory symptoms 
in humans and gastroenteritis in animals (2). All CoVs 
caused diseases to humans have had animal origins 
such as bats (3). Currently, there are seven CoVs that 
can infect humans: HCoV-229E, HCoV-NL63, HCoV-
HKU1, HCoV-OC43, MERS-CoV, SARS-CoV-1 and 
SARS-CoV-2 (4). Four of these CoVs: HCoV-NL63, 
HCoV-229E, HCoV-OC43 and HKU1 have usually 
caused influenza symptoms and the last three CoVs 
have caused pandemics in the past two decades (5,6), 
while HCoV-229E and HCoV-OC43, besides SARS-
CoV-1 have been shown to infect neurons (6).
	 SARS-CoV-2, which shares highly homological 
sequence with SARS-CoV-1, is responsible for the 
current COVID-19 outbreak with more than 70 million 
patients diagnosed and over 1,612,000 deaths. These 

statistics exceed the total of SARS-CoV-1 and MERS-
CoV in 2002 and 2012, respectively (5).
	 CoVs are named for the crown-like spikes on 
their surface. To gain access to host cells, CoVs rely 
on spike proteins (S), which are membrane-anchored 
trimers containing a receptor-binding S1 segment and 
a membrane-fusion S2 segment (7). The S1 contains 
a receptor-binding domain (RBD) that binds to a host 
cell receptor. SARS-CoV-2 are also covered by spike 
proteins that contain a variable RBD. RBD binds to 
angiotensin-converting enzyme-2 (ACE2) receptor 
expressed in all tissues with greatest activity in the ileum 
and kidney followed by heart, brain, lung, vasculature, 
stomach and liver (7,8).
	 The binding of the S to the ACE2 receptor is 
correlated with viral infectivity in the targeted tissue 
and governs clinical outcomes (9). For example, 
binding of the SARS-CoV-2 to the ACE2 receptor 
in the type II pneumocytes in the lungs, triggers a 
cascade of inflammation in the lower respiratory tract 
(5). In fact, 98% of COVID-19 patients developed 
clinical pneumonia with hypoxic respiratory failure 
in the first wave of the pandemic (1,5). Consequently, 
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clinicians concluded that this infection alters not only 
the respiratory function but also the cardiovascular 
homeostasis (10).
	 Despite the short duration of the current pandemic 
outbreak, several neurological and neuroradiological 
phenotypes have been reported including headache, 
anosmia and ageusia (11,12), followed by muscle 
soreness, then altered consciousness. Given the lack 
of data regarding the neurotropism of SRAS-CoV-2, 
we will try to gain more insight into its characteristics 
based on those of other CoVs. Indeed, in light of the 
structural similarity between SARS-CoV-2 and others 
betacoronaviruses, it is highly suspected that all CoVs 
have similar neuroinvasive and neurotropic properties. 
Indeed,  SARS-CoV-1 and SARS-CoV-2 have 
comparable binding affinities achieved by balancing 
energetics and dynamics (13,14).
	 Though the understanding of the pathogenetic 
mechanisms underlying the neuroinvasion will be 
revealed in time, there is an urgent need to answer 
the questions of whether SARS-CoV-2 is neurotropic 
and whether  i t  contr ibutes  to  post  infect ious 
neurodegenerative diseases. 

2. Neurological manifestations

Information about neurological manifestations in 
COVID-19 patients is still scanty. However, it is now 
well-known that SRAS-CoV-2 may invade the brain 
inducing neurological diseases. Such neuroinvasive 
property of CoVs has been well documented almost 
for SARS-CoV-1, MERS-CoV, HCoV-229E, HCoV-
OC43, mouse hepatitis virus (MHV), and porcine 
hemagglutinating encephalomyelitis coronavirus (HEV) 
(15).
	 The first study about neurological disease following 
SRAS-CoV-2 virus infection was reported during March 
2020. Indeed, researchers from Beijing Ditan Hospital, 
China, described and confirmed patient with COVID-19, 
whose cerebrospinal fluid (CSF) was tested positive for 
SRAS-CoV-2, by gene sequencing (16). Another study 
evaluated 214 patients diagnosed with COVID-19 from 
China of which 36% had neurological manifestations, 
including acute cerebrovascular disease and impaired 
consciousness (17). A recent study from France reported 
neurologic issues in 58 of 64 patients with COVID-19, 
including encephalopathy, prominent agitation and 
confusion (18). The most common neurologic symptoms 
in COVID-19 clinical cases are headache, anosmia, 
and ageusia. Interestingly, these three neurological 
manifestations occurred in early stage of the disease 
and therefore could be considered as a predictor of 
clinical impairment. Besides, other neurological 
findings include stroke, impairment of consciousness, 
and encephalopathy are showed. All these informations 
advocate a possible neuroinvasion and neurotropism of 
SARS-CoV-2.

3. Neuroinvasion of SARS-CoV-2

The following section tempt to elucidate two features: (i) 
how certain patients develop neurological disease after 
SARS-CoV-2 infection? and (ii) whether the virus acts 
directly or indirectly towards neurons?
	 As for the route of SARS-CoV-2 entering the CNS, 
the hematogenous one's appears to be likely the pathway 
for virus to reach the brain, although the existence of 
BBB. In addition, neuronal pathway is also reported 
to be an important vehicle for neurotropic viruses to 
enter the brain. SARS-CoV-2 can across the cribriform 
plate of the ethmoid bone in proximity to the olfactory 
bulb (11,19,20). In fact, SARS-CoV-2 may first invade 
peripheral nerve terminals, and then gain access to 
the CNS via a synapse-connected route in a way of 
retrograde or anterograde transport. Also, leukocyte 
migration across the BBB could be a plausible route 
of viral neuroinvasion (21). In the following part, we 
will documented the putative routes for SARS-CoV-2 
neuroinvasion that are summarized in Figure 1.

3.1. Infection via blood-brain barrier spread

The blood-brain barrier is a highly selective barrier 
critical for CNS homeostasis. BBB controls peripheral 
blood-brain exchange and prevents toxins and pathogens 
from access to the CNS. The functional and structural 
integrity of the BBB mainly relies on specific features of 
the brain microvascular endothelial cells (BMECs) lining 
the brain capillaries. These cells are tightly connected by 
an assembly of adherens and tight-junction complexes 
(22). Despite the complex structure of BBB, consisting in 
astrocytes, pericytes and endothelial cells, neuroviruses 
have evolved to disrupt and evade it (23). Two possible 
mechanisms for SARS-CoV-2 spread across the BBB 
are hypothesized: (i) the first one is through infection of 
BMECs and (ii) the second mechanism by leukocytes 
infection that pass through the BBB. Therefore, the 
possible hallmark of SRAS-CoV-2 neuropathogenesis is 
the disruption of the BBB. 
	 SRAS-CoV-2 viruses may compromise also the 
integrity of BBB by either infecting or inducing 
cellular damage to the neurovascular unit or by eliciting 
innate and adaptive immune responses leading to 
neuroinflammation (24). BBB invasion by SRAS-CoV-2 
correlates with virus-induced disruption of tight junctions 
on BMECs, leading to BBB dysfunction and enhanced 
permeability. Indeed, BMECs have already been reported 
as potential cell targets for CoVs viruses such as MHV 
(25) since they express ACE2 receptor (26). S protein of 
SRAS-CoV-2 can interact with ACE2 on the BMEC cell 
surface and can infect endothelial cells, facilitating the 
entry of virus into the CNS, may be without disturbing 
the BBB. Although BBB disruption can be observed 
later, accompanied by the degradation of tight junctions 
proteins and an increase in MMPs (25). This hypothesis 
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	 Accordingly, the systemic inflammation, that 
characterizes COVID-19, increases the permeability 
of the BBB, thereby allowing infected immune cells, 
cytokines, and possibly virus might pass into the CNS 
and interact with ACE2 on neurons and glia (39). Thus, 
BBB plays a key role in the pathogenesis of neurotropic 
viruses by controlling the access of immune cells or 
viruses into the CNS. Once the virus gains access to 
neuronal tissue, it could begin a cycle of viral budding 
and further damage neuronal tissue.

3.2. Infection via viral trans-neuronal spread

According to clinical studies, CoVs neuroinvasion could 
plausibly be achieved by (i) transsynaptic transfer across 
infected neurons and (ii) entry via the olfactory nerve.
	 The olfactory system, a well-known route of entry 
for human viruses into the CNS, is connected to the 
limbic structures of the brain, providing a possible 
path for viruses to infect the CNS. In the litterature, 
a number of neurotropic viruses including Theiler's 
murine encephalomyelitis virus, and WNV are known 
to rapidly disseminate throughout the CNS by olfactory 
transmission in animal models (28,40).
	 In the few recent report, the nasal cavity is the 
main gate for SARS-CoV-2 entrance (19,21). Notably, 
the olfactory epithelium (OE) is a suitable source of 
biological samples for early SARS-CoV-2 detection. OE 
is a continuously regenerating tissue containing both 

can be confirmed by data regarding viral replication of 
SRAS-CoV-2 in BMECs. In the other hand, reduced 
expression of tight junctions proteins is a characteristic 
feature of BBB disruption by neurotropic viruses such 
as Japanese encephalitis virus (JEV) (27), West Nile 
virus (WNV) (28), and human immunodeficiency virus 
type 1 (HIV-1) (29). In fact, these viruses induced a 
downregulating transcription level of tight junctions 
mRNA (30).
	 Disruption of tight-junction complexes is often 
associated with enhanced generation of reactive oxygen 
species (ROS). Viral infection in target cells can induce 
mitochondrial damage or NADPH oxidase activation, 
resulting in high ROS generation (31) engendering 
detrimental effects (32). Indeed, ROS can target all 
biological molecules, including lipid, protein, and 
nucleic acid, resulting in the release of various cytokines 
and proteases that damage vasculature in BBB (31). In 
addition, astrocytes are also prone to oxidative stress (33). 
This is confirmed by Masanetz and Lehmann showing 
that, exposure to viral proteins such as HIV-1 increase 
astrocyte sensitivity to redox insults (34). 
	 In the other hand, SARS-CoV-1 has been shown to 
infect lymphocytes, granulocytes and monocytes, which 
all express ACE2 (35,36). Infected leukocytes thwart the 
BBB via diapedesis like the "Trojan horse"mechanism 
(37,38). However, it has been demonstrated that T 
lymphocytes allow SARS-CoV-2 infection but do not 
support viral replication (19,26).

Figure 1. Putative routes for SARS-CoV-2 neuroinvasion. The most specific routes where SARS-CoV-2 enters the brain are: (i) Hematogenous 
route via blood-brain barrier (BBB), SARS-CoV-2 induces direct infection of the neurovascular unit in the BBB. So, infected migrating leukocyte 
cross BBB freed to infect local neuronal cells. (ii) Trans-neuronal route: SARS-CoV-2 could enter the nervous system through peripheral nerve fibers 
including the olfactory receptors, the pulmonary network and the enteric nervous system. ACE2: angiotensin-converting enzyme 2.
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neuronal and non-neuronal cells. Therefore, olfactory 
tract becomes an important channel for SARS-CoV-2 
transmission to the brain.
	 In the other hand, CoV has been shown to spread 
retrograde via transsynaptic transfer using an endocytosis 
or exocytosis mechanism and a fast axonal transport 
mechanism of vesicle transport to vehicle virus to 
neuronal cell bodies (19). For instance, HIV and HCoV-
OC43 have all been shown to use retrograde fast axonal 
transport to infect the neurons (41). Herein, neuronal 
expression of ACE2 facilitate SARS-CoV-2 infection 
through the uptake into dendrites and soma (21). 
Once in CSF, the virus could reach most of the brain 
areas including the brainstem where cardiorespiratory 
controlling nuclei are located (42,43). Moreover, there 
is an ACE2 activity in the rostral ventrolateral medulla 
region in the brainstem. As previously shown, SRAS-
CoV-1 and MERS-CoV can invade brainstem via a 
synapse-connected route from the lungs (21,44,45). Thus, 
neuroinvasion of SARS-CoV-2 in the brainstem may be 
one reason for the acute respiratory failure (46,47). 

4. Neurotropism of SARS-CoV-2 and inflammation 

It is not yet confirmed whether SARS-CoV-2 induced 
inflammation in the animal or human brain; however, it 
is well established in the literature that other CoVs target 
the brain and cause inflammation and encephalomyelitis. 
For example, human HCoV-OC43 has been associated 
with encephalitis in children (48). In addition, SARS-
CoV-1 RNA has been detected in the CSF of a patient 
with SARS (49). Further studies showed that human 
HCoV-OC43 as well as animal CoVs reach the CNS 

and cause encephalitis (50). However, there remains the 
question of how the tropism of SRAS-CoV-2 can mediate 
the acute inflammation in the brain. We can response to 
this question based on the scientific data reporting that 
once in the brain, SRAS-CoV-2 replicates on endothelial 
cells on the BBB receptor and on neuron before targeting 
astrocytes, oligodendrocytes, and microglia. In addition, 
it is recently showed that ACE2 is expressed in neurons, 
astrocytes, and oligodendrocytes (19) (Figure 2). 
Interestingly, ACE2 was shown to be highly concentrated 
in the substantia nigra, ventricles, middle temporal gyrus, 
and posterior cingulate cortex (39). 
	 When SRAS-CoV-2 reach the brain, the innate 
immune system serves as the first line of host defense 
against infection. It detects viral infection through the 
recognition of pathogen-associated molecular patterns 
by pathogen-recognition receptors (PRRs) including 
Toll-Like Receptors (TLRs). Following infection, 
neurovirulent CoVs manifests significant upregulation of 
inflammatory cytokines, chemokines, and MMPs, all of 
which serve to initiate a cell anti-viral response (51-53). 
Other cells including neutrophils and macrophages are 
the primary innate immune cells recruited into the CNS 
immediately following CoVs infection (54,55). Herein, 
SRAS-CoV-2 induced TNF-α, IL-6, CCL2, and CXCL10 
production; possibly with the inhibition of protective 
IFN-β production by BMECs (56). 
	 In the other hand, TLRs contributes in providing the 
host against CoVs infection (57). Indeed, it has been 
demonstrated that TLR3 and TLR7 signaling restricted 
neurotropic infection of WNV in neurons (58,59). Thus, 
TLR3 and TLR7 enhanced BBB permeability after 
viral neuroinvasion. Equally important is the recent 

Figure 2. Schematic representation of the acute inflammation during SRAS-CoV-2 infection. Once neurons are infected, the virus begins 
multiplying and replicating, which causes the first round of neuronal injury accompanied by the production of cytokines or chemokines. These 
cytokines/chemokines activate microglia and astrocytes, which in turn stimulates more production of proinflammatory cytokines/chemokines and 
contributes to further neuronal injury. Also, cytokines and chemokines can activate immune cells inside the brain that initiate and/or potentiate BBB 
dysfunction and alter the architecture of tight junctions on BBB. Furthermore, transendothelial migration of leukocytes (macrophage and neutrophil) 
causes acute neuronal tissue damage. BBB: blood brain barrier; TLR: Toll-Like Receptors. 
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demonstration that the activation of TLR-2 and TLR-4 
was reported during MHV infection of astrocytes, with 
subsequent IFN type-I expression and up-regulation of 
IL-6 cytokine, which was dependent of viral replication 
(60). Indeed, MHV-A59 and SARS-CoV-2 have multiple 
similarities such as a proinflammatory cytokine reaction 
involving IL-6 (60,61). 
	 On another side, if the innate immune system fails 
to confine SRAS-CoV-2, the adaptive one will be 
activated as it is slow, systemic, and virus-specific, 
leading to stimulation of the immunological memory. 
The adaptive immune response includes usually cell-
mediated immunity and humoral immunity and involves 
the action of CD4+ T helper cells, CD8+ cytotoxic T cells 
and B cells. Herein, SRAS-CoV-2 infection might be 
removed by the action of T cells of the adaptive immune 
response and virus-specific antibodies. Nevertheless, 
viral infections may spread to all CNS tissues if the virus 
escapes from the immune system, causing increased virus 
replication or overreactive innate immune responses. 
Subsequently, activation of glial cells by SRAS-CoV-2 
viruses results in the production of multiple inflammatory 
chemokines and cytokines. In fact, CoV strains such 
as MHV were shown to activate astrocyte that can be a 
source of CCL5 and CXCL10 (62,63). 
	 Noteworthy, activated microglial cells can be the 
major source of TNF-α, which can be deleterious 
to neurons (64). Thus, the elevated levels of the 
proinflammatory cytokines IL-6, IL-15, IL-1β and 
TNF-α in the CNS could induce irreversible neuronal 
damage (64). Additionally, previous studies showed 
that when CoVs attacked glial cells, a large amount of 
inflammatory factors such as IL-12, IL-16, IL-17, and 
IL-18 were released (60). Also, the elevated levels of the 
chemokine CCL2 in the infected CNS by SRAS-CoV-2 
could establish an inflammatory and immunosuppressive 
environment (65). Therefore, inflammatory factors can 
be one of the pathophysiological processes of brain 
damage. 
	 As shown in Figure 3A, the storm of cytokines that is 
up-regulated following SRAS-CoV-2 infection consists 
of proinflammatory cytokines, which would normally be 
associated with the recruitment of inflammatory cells, 
including lymphocytes and macrophages, to the site of 
infection. 
	 In summary, infected neurons by SRAS-CoV-2 
viruses may produce chemokines that can also induce 
the activation of glial cells, which in turn produce 
a preponderance of inflammatory chemokines and 
cytokines (Figure 3A). These inflammatory mediators 
can break down the BBB by reducing the integrity of 
the tight junctions between BMECs. Inflammatory 
mediators can further compromise the BBB and inceased 
infiltration of inflammatory cells from the periphery to 
the CNS. Increased inflammatory infiltrates can lead to 
further neuroinflammation and neuronal injury (Figure 
3B). Moreover, levels of some cytokines have been 

reported to be elevated for months to years following 
the recovery after SARS-CoV-1 infection (66), leading 
to a post-infectious proinflammatory state that may 
contribute to a possible long-term neuroinflammation. 
Nevertheless, advanced investigations are warranted to 
determine the pathways by which the post-infected brain 
could contribute to the onset of neuron demyelination or 
neurodegeneration. 

5. Persistent infection of SARS-CoV-2 associated with 
neurodegeneration

In the following section, we documentated if infection 
with SRAS-CoV-2 can result in long-term neural damage 
in both symptomatic and asymptomatic individuals? The 
first scenario, assumes that neural cells could serve as 
latent reservoirs for the SRAS-CoV-2. The second one 
supposes a possible long-term neuroinflammation in the 
brain. In general, these two possibilities can activate the 
pathways of apoptosis and oxidative stress leading to 
neurodegeneration.
	 In experimental data, viral dissemination in animal 
brain tissue was shown to be accompanied by vascular 
endothelium dysfunction, which has been reported to 
contribute to cognitive impairment (67). In addition, 
susceptible rodent after direct inoculation of HCV-OC43 
and SARS-CoV-1 developed acute encephalitis with 
viral RNA present for several months causing neuronal 
degeneration (68) and ultimately apoptosis (69). In 
fact, Jacomy and his collaborators postulated apoptosis, 
after CoV infection, as the mechanism involved in 
neuronal loss observed in the CA1 and CA3 layers 
of the mice hippocampus (70). Also, Chen and Lane 
assigned apoptosis as a mechanism by which MHV 
induced neuronal death in mice brain (71). Based on 
these reported results, we suppose that caspases may 
be the principal executors of apoptotic neuronal cell 
death as shown in Figure 3C. In fact, caspase-3 has been 
severally identified as a key mediator of the apoptotic 
process in neurons (72). Noteworthy, alterations in 
signaling pathways related to apoptosis have been 
described to be implicated in Alzheimer's disease (AD) 
(73) and Parkinson's disease (PD) (74). Hence, SRAS-
CoV-2 modulation of neuronal apoptosis both, during 
latent infections could eventually relate to alterations of 
neuronal processes leading to neuron degeneration and 
brain damage. 
	 Oxidat ive s t ress  is  another  mechanism by 
which SRAS-CoV-2 latency infection induces 
neurodegeneration (Figures 3B and 3C). Viral infection 
in target cells can induce mitochondrial damage resulting 
in high ROS generation (75). In addition, disruption of 
tight junction complexes via MMPs activation is often 
associated with enhanced ROS generation (76). Notably, 
recent studies indicate that oxidative stress is associated 
with neurodegenerative diseases, such as AD (77), PD 
(74) and multiple sclerosis (MS) (78). For instance, 
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AD patients overall display increased ROS levels, 
while a reduced antioxidant capacity (79). Importantly, 
ROS generation is associated with amyloid beta (Aβ)-
protein aggregates, which are known to promote 
synaptic dysfunction (80). Also, elevated levels of ROS 
production associated to demyelination and axonal 
damage, have been reported in MS (81).

5.1. SARS-CoV-2 post-infection associated with multiple 
sclerosis

Coronaviruses have long been mentioned as potential 

candidate viruses that could cause or enhance MS disease 
(82-85). Recently, clinical case studies evaluated the 
prevalence of SRAS-CoV-2 in patients with relapsing-
remitting MS (RRMS) comparing it with that of healthy 
controls (5,86). The discovery of CoVs genetic material 
in the tissue and fluid samples of MS patients has given 
space for this plausible hypothesis. Indeed, HCV-229E 
was isolated from the CSF of patient during a first 
episode of MS (87). Before that, HCoV had been isolated 
from the brain of a patient with MS (88). In addition, 
several experimental models have used CoVs to explore 
the environmental component triggering the autoimmune 

Figure 3. Proposed model of the neurotropism of latent form of SRAS-CoV-2 and its interrelationships with neurodegenerative disorders. 
(A) SRAS-CoV-2 latent brain infection: SRAS-CoV-2 latent form is characterized by the infiltration of CD8+ and CD4+ T cells. Importantly, these 
T cells are localized near latently infected neurons. In addition, CD8+ T cells can secrete IFN-γ. As a consequence of immune cell infiltration into 
the brain during persistent SRAS-CoV-2 infection of the brain, cytokines such as TNF-α and IL-1β can affect the BBB, which can exacerbate 
brain inflammation. (B) Synergistic effects between TNF-α and IFN-γ can lead to induced oxidative stress and increased nitric oxide-induced 
neurodegeneration and demyelination in the brain. In addition, SRAS-CoV-2 modulates cellular processes; latently form of virus hampers events 
leading to apoptosis at different stages of signaling cascades. (C) The boxes show the cellular processes or pathologies that occur in Alzheimer's 
disease (orange box) or Parkinson's disease (yellow box) or multiple sclerosis (black box) associated with apoptosis, oxidative stress and neuronal 
injury. Neurodegenerative disease pathologies are expressed in multiple regions of the human and rodent brain, including the motor cortex, posterior 
cingulate cortex, ventricles and substantia nigra. BBB: blood brain barrier, ROS: reactive oxygen species, ACE2: angiotensin-converting enzyme 2, 
NO: nitric oxide, TNFR: TNFα receptor.
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changes in MS (25,89-90). For instance, mice infected by 
MHV3 surviving the initial infection, develop an immune 
mediated demyelinating disease (25,91). Analysis of the 
spinal cords of infected mice confirms that the loss of 
myelin integrity is associated with the continued presence 
of both viral antigen and inflammatory immune cells (92), 
oxidative injury (93) and the loss of myeline synthesis 
(94,95). Moroever, in their studies, Savarin et al. have 
reported curtail percentages of CD4+ T cells in the blood 
of MS patients, which could be associated with impaired 
responses against CoVs infection (96,97). It is possible 
that defective T cell control due to CoVs infection and 
exhaustion of T cells in patients with MS may lead to 
CoVs reactivation in these patients. However, further 
studies are needed to confirm this hypothesis

5.2. SARS-CoV-2 postinfection associated with 
Alzheimer's disease

Data in epidemiology and postmortem AD brains have 
suggested that viral infections may contribute to the 
onset of AD. For example, CoVs genetic material has 
been detected in brain samples and found to co-localize 
with Aβ protein (98). Importantly, SRAS-CoV-2 can 
induce the accumulation of Aβ protein.
	 In experimental models, HCoV-OC43 induced 
not only the neuropathogenesis in mice (70), but also, 
an upregulation of a lipocalin apo D protein (99). In 
addition, MHV induced neuroinflammation, exacerbated 
tau levels, and compromised cognitive function in aged 
transgenic 3xTg-AD mice (100). The inflammation-
mediated exacerbation of tau pathological features leads 
to impairment in cognitive function that is effectively 
blocked by inhibiting glycogen synthase kinase (GSK)-
3β in CA1 neurons of the hippocampus (100). Notably, 
the regions of the CNS damaged during SRAS-CoV-2 
are related to the limbic system, composed by subcortical 
structures and the cerebral cortex that are associated 
with memory and cognitive processes (Figure 3C). 
Taken together, these findings suggest that latently form 
of SRAS-CoV-2 in the brain may induce increased 
deposition of Aβ in this tissue and accelerating disease 
development in predisposed patients.

5.3. SARS-CoV-2 postinfection associated with 
Parkinson's disease

In patients suffering from severe forms of COVID-19, 
the hypothesis of a systemic failure of the dopamine 
synthetic pathway should be taken into account and 
further explored. In fact, the basal ganglia and dopamine-
rich brain regions seem to be a vulnerable target to 
SRAS-CoV-2 (Figure 3C). Consequently, chronic 
neuroinflammation leads to basal ganglia dysfunction, 
BBB permeability alteration, and neurodegeneration. 
	 As previously shown, intraperitoneally inoculation 
of HCoV-OC43 induced microglia activation and 

neuroinflammation in mice (101); followed by 
encephalitis, neuronal degeneration, and decrease of 
locomotor activity (70,101).
	 In humans, HCV-OC43 and HCV-229E have 
been found in the CSF of PD patients (102). Of note, 
intranasal/intraocular inoculation led to detect CoV RNA 
in the brain, while post-mortem analyses indicated the 
presence of brain pathology, including inflammation and 
white matter edema in the basal ganglia (102). 
	 In the other hand, neurotropic viruses have been 
shown to affect the levels of PD-associated proteins, 
including DJ1 and Leucine rich repeat kinase 2 (LRRK2) 
(103). DJ1 is a gene linked to early onset PD and a key 
regulator of dopamine and ROS balance in neuronal cells 
(74). Indeed, pathologic LRRK2 and DJ1 activation was 
found to be an important mediator of neuroinflammation 
and neuronal damage in in vitro and in vivo models of 
neurotropic virus (103,104). In addition, Ijomone et 
al. proposed that viral agents from SRAS-CoV-2 can, 
through microglial activation and oxidative stress, induce 
the aggregation and oligomerization of α-synuclein in 
substantia nigra region (72).

6. Discussion

This review reported considerable evidences that latent 
form of SRAS-CoV-2 are associated to adverse outcomes 
in the brain and induced neurodegenerative's disease. 
Herein, we highlight the neuroinvasive property of 
SRAS-CoV-2 and their effect on the brain. Although the 
exact mechanism of neuroinvasion is still unclear, some 
penetration routes, such hematogenous route and trans-
synaptic transmission, have been suggested. Similarly 
reported by Zubair et al., which also examined the 
neuropathogenesis and neurologic manifestations of the 
CoVs in the age of COVID-19 (19). Equally important 
is the demonstration that the long-term effects of 
COVID-19 seems to be implicated as putative etiologic 
agents of neurodegenerative diseases (24,55). 
	 Moreover, the expression of ACE2 receptors in 
neurons, astrocytes, and oligodendrocytes contributes to 
the neurotropism of SRAS-CoV-2 (19). Consequently, 
the persistent infection of SRAS-CoV-2 in the brain 
could be involved on human neurodegenerative diseases 
that evolves a gradual process, perhapes, over several 
decades. Of note, detection of SARS-CoV-1 RNA in the 
CSF of a patient with SARS has been reported after ten 
years of infection (49).
	 Considerably, there is an urgent need for longitudinal 
studies to determine whether the COVID-19 pandemic 
will lead to enhanced incidence of neurodegenerative 
disorders in infected individuals. Further studies are 
needed to confirm these speculations. Therefore, 
we suggest that a designed cohort study can provide 
powerful results. In addition, further experiments 
using in experimental and postmortem studies could 
provide more informations on the neural alteration and 
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neurodegeneration after SARS-CoV-2 infection.
	 Unfortunately, our review is limited to studies 
published between December 2019 and August 2020, we 
may have missed some experimental reports of SRAS-
CoV-2 virus in association with neurodegenerative's 
disease. In addition, through our research strategy we 
focused upon studies that contained both a neuroinvasion 
and neurotropism of virus, as well as a poor description 
of neurologic manifestations because, there are currently 
a small number of published case reports and clinical 
studies. Third, a diligent documentation of anti-virus 
therapies is recommended to establish novel therapeutics 
to target the virus. Currently, there are no specific 
antiviral agents or vaccines for SRAS-CoV-2 virus. 
However, some compounds active against SRAS-CoV-2 
virus have been reported, including both direct‐acting 
and host‐targeting antivirals such as aminoquinolines 
(105,106) and melatonin (107); however, most of these 
compounds have yet to find their way into experimental 
models and clinical trials. For that, a profound 
understanding of the tropism and pathogenesis of this 
virus is imperative for the development of therapeutic 
design.
	 Finally, we suggest, through this review, to provide 
CSF, in part, to better understand the neurotropism of 
SARS-CoV-2 and to evaluate whether direct (via direct 
infection ) or indirect (via secondary effects relating to 
enhanced inflammatory/proinflammatory signaling) 
impact on the CNS. This goal must be reached using a 
multidisciplinary approach including brain imaging and 
tests of brain tissue.

7. Conclusion

This review has highlighted a series of possible additional 
pathophysiological mechanisms based on some literature 
data, which elucidate the association between the 
neurotropism of SRAS-CoV-2 and the development of 
neurodegenerative's disease. Data from all the above-
mentioned studies confirm the neuroinvasive and 
the neurotropism properties of SRAS-CoV-2 and his 
effects on the brain. Although the exact mechanism of 
neuroinvasion is still unclear, two penetration routes 
(hematogenous route via BBB structure and trans-
synaptic transmission) of the virus to reach the brain, 
have been suggested. In fact, virus can modulate 
numerous key cellular processes in neuron and glia, such 
as apoptosis and cellular oxidation. Taken together, we 
suggest that neuron infection with SRAS-CoV-2 can lead 
to brain damage. These hypothesis call for further studies 
that evaluate the interrelationship between SRAS-CoV-2 
and neurodegeneration. Therefore, we suggest that a 
designed cohort study can provide powerful results 
for this possible relationship. In the same way, future 
challenges in experiments models (in vitro and in vivo) 
could shed more light on the possible neural injuries after 
SARS-CoV-2 infection.
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Coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), is undoubtedly the most challenging pandemic in the current century. 
A total of 73,953,702 confirmed cases of COVID-19 and 1,644,416 deaths were reported globally 
up to December 17, 2020. Therefore, in the absence of a safe and effective vaccine, it is urgent 
to identify a novel antiviral drug to effectively treat patients with COVID-19. On October 22, the 
U.S. Food and Drug Administration approved remdesivir, a nucleotide analog prodrug with broad 
antiviral activity, for adults and children (12 years of age and older and weighing at least 40 kg) 
who need to be admitted to hospital for covid-19 treatment. In order to monitor the optimization 
of patient clinical response profile, as well as address the challenges associated with remdesivir 
metabolism, highly sensitive, selective and accurate analytical methods are necessary. This 
review clearly covers all the analytical methods developed for the identification and quantitative 
determination of remdesivir and its metabolites in biological matrices, which helps the researchers 
in developing new methods for the analysis of remdesivir by considering the pros and cons of the 
previously reported methods.

1. Introduction

Coronaviruses are large,  enveloped, posit ive-
strand RNA viruses that can cause diseases ranging 
from the common cold to severe acute respiratory 
syndrome (SARS). The virus causing coronavirus 
disease 2019 (COVID-19) is a novel β-coronavirus 
which is now named as SARS-CoV-2 (1). This virus 
has four essential structural proteins including the 
small envelope (E) glycoprotein, membrane (M) 
protein, nucleocapsid (N) protein, and spike (S) 
glycoprotein, and also three accessory (non-structural) 
proteins including papain-like protease (PLpro) and 
3Chemotrypsin-like protease (3CLpro, also known as 
the main protease-Mpro), which are responsible for 
cleavage of viral polypeptide into functional units; 
and RNA-dependent RNA polymerase (RdRp), which 
is critical for viral replication and transcription (2). 
SARS-CoV-2 penetrates the host cell via the binding of 
its S-protein with the angiotensin converting enzyme 
II (ACE-2) receptor, which is found in virtually all 
human organs in varying degrees (3). In general, S 
protein, PLpro, 3CLpro, RdRp and ACE-2 are the most 
attractive targets for the development of new antiviral 
drugs against COVID-19 (4).

	 Although this disease is asymptomatic to mild in 
most people (approximately 80%), in the most severe 
cases, it can lead to pneumonia, acute respiratory 
distress syndrome, sepsis and septic shock, multi-organ 
failure, and even death (5). Despite global containment 
measures to fight the current pandemic, the incidence of 
COVID-19 has continued to rise, with over 73.9 million 
confirmed-cases and over 1.6 million deaths worldwide 
as of 17 December 2020 (6). COVID-19 poses a serious 
threat to global public health and a broadly effective 
therapeutic strategy could provide a key means of 
overcoming this crisis (7). Unfortunately, there is 
currently no known effective treatment for COVID-19. 
Thus, drug repurposing (i.e., testing the efficacy of 
existing drugs used previously to treat other diseases) 
is a basic goal in order to develop a fast therapeutic 
approach for patients with COVID-19 (8).
	 One of these drugs is remdesivir, an RdRP inhibitor, 
which shows a broad spectrum of antiviral activity 
against many RNA viruses like Ebola virus, Marburg, 
MERS-CoV, SARS-CoV, respiratory syncytial virus and 
Nipah virus in vivo and in vitro studies, and thus it is 
being studied for post-infection treatment for COVID-19 
(9-12). Human studies of the pharmacokinetic-
pharmacodynamics relationship of remdesivir and 
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its metabolite appeared necessary in the context of 
COVID-19. Despite these study needs, to the best of our 
knowledge, only four studies have been reported for the 
analysis of remdesivir and its metabolites in biological 
samples. Therefore, there is an urgent need to improve 
the robustness of the available analytical methods and 
to establish new standardized methods, which must be 
fast, more sensitive, more accurate and more specific, to 
determine remdesivir and its metabolites in biological 
matrices (e.g., urine, serum, plasma, intracellular matrix, 
tissues).
	 On the other hand, the maximum information 
(physical and chemical properties) about the drug 
is important and necessary to dispose of a starting 
point to develop the analytical method. For instance, 
the structures (Figure 1), acid/basic activity and 
hydrophobicity are useful to elucidate the composition 
of the mobile phase (13). These parameters are listed in 
Table 1. To the best of our knowledge, up until now, no 
systematic report summarizing the analytical methods 
applied to remdesivir analysis has been achieved in the 
literature. This review article highlights the analytical 
methods used for the quantification and identification of 
remdesivir in biological matrices.

2. Remdesivir

Remdesivir (Veklury®; GS-5734) is a novel antiviral 
drug developed by Gilead Sciences, originally for 
the treatment of Ebola virus disease and Marburg 
virus infections (14). Remdesivir, 2-ethylbutyl (2S)-
2-[[[(2R,3S,4R,5R)-5-(4-aminopyrrolo [2,1-f][1,2,4]
triazin-7-yl)-5-cyano-3,4-dihydroxyoxolan-2-yl] 
methoxy-phenoxyphosphoryl]amino]propanoate (Figure 
1A), is a single diastereomer monophosphoramidate 
prodrug of a nucleoside analog that perturbs viral 

replication. It is a white to off-white or yellow non 
hygroscopic solid, practically insoluble in water and 
soluble in ethanol (15). The physicochemical properties 
of remdesivir are summarized in Table 1.

2.1. Remdesivir mechanism of action

Remdesivir has a complex activation pathway (see 
Figure 1 for further details). Briefly, upon diffusion of 
remdesivir (Figure 1A) into the respiratory epithelial 
cell, it is first metabolized into an intermediate alanine 
metabolite (GS-704277; Figure 1B), which is further 
processed into nucleoside monophosphate derivative 
(GS-441524; Figure 1C), the major circulating 
metabolite of remdesivir, via a phosphoramidase-type 
enzyme. Ultimately, GS-441524 is rapidly converted 
by intracellular kinases to the pharmacologically active 
nucleoside triphosphate analog (GS-443902; Figure 1D), 
a final product of remdesivir activation, which has a 
prolonged intracellular half-life (T½ ~40 hours). Overall, 
remdesivir inhibits the RdRp activity of SARS-CoV-2 
via non-obligate termination of RNA chains, after being 
activated to a triphosphate (16,17).

2.2. Efficacy of remdesivir against SARS-COV-2

Antiviral actions of remdesivir against SARS-CoV-2 
have been evaluated in both cultured cells and animal 
models. Pruijssers et al. (18) reported that remdesivir 
potently inhibited SARS-CoV-2 replication in human 
lung cells and primary human airway epithelial cultures 
with a half maximal effective (EC50) concentration of 
0.01 μM. Remdesivir was also found to have an EC50 
of 0.77 μM against SARS-CoV-2 in Vero E6 cells (19). 
Moreover, in vivo studies in a rhesus macaque model 
infected with SARS-CoV-2 was found to prevent 
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rate of ≤ 30 mL/min, or for patients with an alanine 
aminotransferase level ≥ 5 times the upper limit of 
normal (26). The most common adverse effects include 
gastrointestinal distress, elevated transaminase and 
bilirubin levels, and infusion site reactions (27).
	 Due to poor hepatic stability, remdesivir should 
not be given orally as bioavailability is expected to be 
low. Remdesivir is unstable in plasma and is widely 
distributed in many tissues, including the kidney, 
kidney medulla, and liver, but does not cross the blood-
brain barrier (28). After i.v. administration, maximum 
plasma concentrations (Cmax) of remdesivir and its main 
metabolite (GS-441524) were 2,229 ng/mL and 145 
ng/mL, respectively. Plasma T½ of remdesivir and GS-
441524 were 1 and 27 hours, respectively. Remdesivir is 
widely bound to human plasma proteins (88-93.6%). By 
contrast, metabolites GS-704277 and GS-441524 exhibit 
low plasma protein binding (˂ 2% bound). Remdesivir 
is a substrate for CYP2C8 (minor), CYP2D6 (minor), 
and CYP3A4 (minor), and is a substrate for organic 
anion transporting polypeptides 1B1 and P-glycoprotein 
transporters (minor). The majority of the remdesivir 
dose recovered in urine is GS-441524 (49%), while 10% 
is recovered as the unmetabolized parent compound 
(24,29).

3. Therapeutic drug monitoring

Therapeutic drug monitoring (TDM), which is defined as 

disease progression with remdesivir (20). These initial 
studies demonstrate that remdesivir is potently active 
against SARS-CoV-2 virus infection in vitro and in vivo, 
supporting its further clinical testing for treatment of 
COVID-19.
	 There are several randomized control trials currently 
being conducted to assess the efficacy and safety of this 
drug in patients with COVID-19 (https://clinicaltrials.
gov). Some evidence suggests that compassionate use 
of remdesivir may cause some clinical improvement in 
patients with mild or moderate, or severe COVID-19 
disease (21-24). But, before making any conclusive 
statement about the efficacy of remdesivir for COVID-19 
treatment, more randomized, placebo-controlled 
clinical trials and other scientific validation need to be 
performed.

2.3. Remdesivir pharmacokinetics

Table 1 summarizes the data on the pharmacokinetic 
properties of remdesivir for SARS-CoV-2. Remdesivir is 
administered via an intravenous (i.v.) infusion, in a total 
volume of up to 250 mL 0.9% saline over 30 to 120 min, 
with a loading dose of 200 mg once daily in patients 
≥ 12 years old and weighing ≥ 40 kg, followed by a 
maintenance dose of 100 mg once daily for 5 to10 days 
(25). This dose is also being evaluated in multicenter 
randomized trials. Remdesivir is not recommended 
for patients with an estimated glomerular filtration 

Table 1. Salient features of the studied drug

Generic Name/Trade Name

Drug Class
Therapeutic Area
Molecular Formula
Molecular Weight 
Exact Mass 
Water Solubility
pKa (strongest acidic/basic)
Log Po/w
Charge at pH 7
Route
Dose
Cmax (ng/mL)
(i.v. 100 mg once daily)
EC50

AUCtau (ng/hour/mL)
(i.v. 100 mg once daily)
Ctrough (ng/mL)
Bioavailability (%)
Tmax (hour)
T1/2 (hour) 
Toxicity
Protein Binding (%)
Metabolic pathway(s)
Major route of elimination
Extraction

ND: not detected; Cmax: maximum plasma concentration; EC50: half maximal effective concentration; T1/2: plasma half-life; Tmax: time post-dose 
of maximum plasma concentration; AUC: the integrated area under the plasma concentration-time curve.

Remdesivir (GS-5734)/Veklury

Antiviral (Small Molecule)
Coronavirus Infections
C27H35N6O8P
602.59 g/moL
602.22539 Da
0.339 mg/L
10.23/0.65
2.01
0
Intravenous (i.v.)
200 mg i.v. loading dose over 30 min on day 1, then 100 mg i.v. daily over 30 min on days 5 to 10
2229 and 145 (GS-441524)

ND
1585 and 2229 (GS-441524)

ND (24-hr post dose) and 69.2 (GS-441524)
0
0.67-0.68 and 1.51-2.00 (GS-441524) 
~1 and ~27 (GS-441524) 
ND
88-93.6% and 2% (GS-441524)
CES1 (80%), Cathepsin A (10%), CYP3A (10%) 
Metabolism (for remdesivir) and Glomerular filtration and active tubular secretion (for GS-441524)
Urine: 10% and 49% (GS-441524)
Feces: ND and 0.5% (GS-441524)
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a valuable tool to individualize and optimize drug dosage 
in order to obtain drug concentrations associated with 
the highest therapeutic efficacy with a reduced risk of 
concentration-dependent adverse effects, is already well-
established in many different infectious diseases (30,31) 
and may be useful in the issue of COVID-19 therapy (32). 
This approach involves determining drug concentration 
in a human biological matrix (e.g., serum, plasma, or 
whole blood) and interpreting these concentrations in 
terms of relevant clinical parameters.
	 In general, determination of drug concentration is 
an inherent part of preclinical and clinical investigation 
of new therapeutic agents because no pharmacokinetic 
studies can be carried out without it. It is necessary to 
investigate drug-effect or drug-toxicity relationship 
and can be also used to understand drug mechanism 
of action (33). Therefore, both for pharmacokinetic-
pharmacodynamic studies and for possible future TDM, 
there is an imperative and urgent need to develop a 
highly sensitive, rapid, and high-throughput analytical 
method for the quantitative determination of remdesivir 
and/or its metabolite (GS-441524) in biological matrices. 
Despite these study needs, to our knowledge, only a 
few methods have been reported for the qualitative and 
quantitative analysis of remdesivir and its metabolites 
(34-37). The instrumental and analytical properties 
of each reported method are described in detail and 
tabulated for easy access (see Table 2 for further details).

4. Analytical methods

In 2016, Warren et al .  (9)  developed a l iquid 
chromatography-tandem mass spectrometry (LC-
MS/MS) for the pharmacokinetic study of remdesivir 
in  uninfected male  rhesus  monkeys (Macaca 
mulatta) .  The MS instrument was operated in 
positive ion electrospray ionization (ESI) mode with 
multiple reaction monitoring (MRM). Remdesivir 
was formulated in solution at 5 mg/mL with 12% 
sulfobutylether-β-cyclodextrin in water, pH 3.5-4.0, and 
2 mL/kg was administered by slow bolus (~ 1 min) for 
a final dose of 10 mg/kg. An aliquot of plasma sample 
was spiked with 20 nM 5-(2-aminopropyl)indole 
solution as internal standard (IS), extracted with 90% 
methanol and acetonitrile mixture (1:1, v:v) and 10% 
water, evaporated to dryness at 40°C under a gentle 
stream of nitrogen, reconstituted in a mixture containing 
1% acetonitrile and 99% water with 0.01% formic acid, 
and assayed. A Phenomenex Synergi Hydro-RP 30A 
(75 × 2.0 mm, 4.0 μm) column was used as a stationary 
phase, and mobile phase was chosen as a binary mobile 
phase gradient (A: 0.2% formic acid in 99% water 
and 1% acetonitrile and B: 0.2% formic acid in 95% 
acetonitrile and 5% water) at flow rate of 0.26 mL/min. 
Unfortunately, the details of the validation process are 
not described.
	 In 2020, Alvarez et al. (34) determined remdesivir 

and its metabolite GS-441524 in human plasma using 
an LC-MS/MS method with the help of a simple protein 
precipitation (PP) step using a mixture of methanol and 
Zinc sulphate (ZnSO4, 1 M). ZnSO4 reduces protein 
stability by altering the isoelectric points and by 
replacing protons on proteins, thereby lowering of the 
solution's pH. Therefore, the use of ZnSO4 makes the 
PP thoroughly and enhances the detection sensitivity of 
remdesivir at low concentration. When ZnSO4 is used 
as the sole reagent for extraction, a lot of inorganic 
salts move into the supernatant to contaminate the MS 
sources. The addition of methanol or acetone/methanol 
mixture to the precipitation step successfully prevents 
water and water-soluble salt into the supernatant, 
making the reconstituted samples definitely cleaner (13). 
In this work the authors used deuterated remdesivir-
13C6 as an IS. The system was operated in positive (+) 
ESI mode, and the following MRM transitions were 
used: 603.3→200.0 and 603.3→229.0 for remdesivir, 
292.2→173.1 and 292.2→147.1 for GS-441524, and 
609.3→206.0 for IS. The authors used a Kinetex® Polar 
C18 column (100 × 2.1 mm I.D., 2.6 µm) to separate 
analytes. The elution was performed with a gradient of 
10 mM sodium formate buffer in 0.1% formic acid (A) 
and acetonitrile (B) starting from 0% of (B) to 100% 
in 2 min, at flow rate of 0.50 mL/min, and the total run 
time was 5 min per sample. The method linearity was 
over the range of 1-5,000 ng/mL for remdesivir and 
5-2,500 ng/mL for GS-441524, with limit of detection 
(LOD), as the lower concentration with a signal/noise 
(S/N) ratio higher than three, of 0.3 and 2 ng/mL and 
lower limit of quantitation (LLOQ) of 1 and 5 ng/mL, 
for remdesivir and GS-441524, respectively. The major 
advantages of the method were the requirement for 
small plasma volume and simple sample preparation 
procedure, while the main limitation of study was 
slightly higher LLOQ value obtained for GS-441524 (5 
ng/mL). After the optimization and validation according 
to European Medicines Agency guidelines, the method 
was successfully applied to a pharmacokinetic study in 
a COVID-19 patient after a single dose of remdesivir 
(200 mg i.v.).
	 Humeniuk et al. (35) also used an LC-ESI(+)-
MS/MS method to determine plasma remdesivir 
concentrations. Quantification was performed using 
MRM of the transitions m/z 603.3→402.2 and m/
z 606.3→402.2 for remdesivir and an isotopically-
labeled IS (GS-829143), m/z 441.1→150.1 and m/
z 444.1→150.1 for metabolite GS-704277 and an 
isotopically-labeled IS (GS-829466), m/z 292.2→202.2 
and m/z 295.2→205.2 for metabolite GS-441524 and 
an isotopically-labeled IS (GS-828840), respectively. 
The method was linear over the range of 4-4,000 ng/
mL for remdesivir, 2-2,000 ng/mL for GS-704277 
and 2-2,000 ng/mL for GS-441524, respectively. 
Interassay precision, based on coefficient of variation 
for remdesivir, GS-704277 and GS-441524, ranged 
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from 2.1% to 5.3%, and accuracy, based on interassay 
percent relative error for remdesivir, GS-704277 and 
GS-441524, ranged from – 9.8% to 9.5%. This study 
has some drawbacks, such as the lack of analysis 
of selectivity, sensitivity, robustness, and stability. 
However, these parameters are reported as fundamental 
performance characteristics for a method to be 
considered as validated.
	 Recently, Avataneo et al. (36) described a simple, 
rapid and sensitive UHPLC-ESI(+)-MS/MS, an 
fast technique (total run time ˂ 2.5 min) which has 
the advantage of high sensitivity and high sample 
throughput over conventional LC-MS systems, method 
for the quantification of remdesivir and its main 
metabolite, GS-441524, in spiked human plasma. 
The MRM transitions were set at 603.15>200 (m/z), 
292>163 (m/z) and 313.2>78.05 (m/z) for remdesivir, 
GS-441524 and 6,7-dimethyl-2,3-di(2-pyridyl)
quinoxaline (as IS), respectively. After a PP procedure 
with a mixture of methanol:acetonitrile (50:50, v/v), 
the chromatographic separation of the analytes was 
achieved on an Acquity® HSS T3 column (50 × 2.1 
mm I.D., 1.8 µm) with gradient elution of the mobile 
phase (A: water/formic acid 0.05% and B: acetonitrile/
formic acid 0.05%) at flow rate of 0.40 mL/min. 
Retention times were 0.98, 1.67 and 1.72 min for GS-
441524, remdesivir and IS, respectively. The LLOQ 
value for both the analytes was 0.98 ng/mL while the 
LOD values (S/N > 3) were 0.24 ng/mL for remdesivir 
and 0.98 ng/mL for GS-441524. The recoveries 
ranged from 87-118% (remdesivir) and 81-102% (GS-
441524). The established method was shown to be 
accurate, precise, sensitive, and linear. However, it is 
still necessary to develop a more sensitive method to 
measure the concentrations of remdesivir in human 
plasma for advanced pharmacokinetic profiles in low 
dose remdesivir. According to the authors, this method 
could be a useful tool for studying remdesivir and GS-
441524 clinical pharmacokinetics, particularly during 
the current COVID-19 outbreak.
	 The same UHPLC system was then employed 
by Tempestilli et al. (37) for the pharmacokinetic 
evaluation of remdesivir and GS-441524 in two 
critically ill patients who recovered from COVID-19. 
They used a PP technique (600 µL of methanol/
acetonitrile, 50:50, v/v) for pretreatment and cleanup 
of plasma samples. Using this method remdesivir and 
GS-441524 were simultaneously measured with a 
LOQ of 5.86 ng/mL for remdesivir and 1.96 ng/mL 
for GS-441524. Since most studies, including in vivo 
pharmacokinetics, have a large number of samples to 
analyze, run time per sample can be very important. The 
main advantage of the developed methods is the lack 
of a laborious sample preparation step, which results in 
a shortening of the analysis time. Although recoveries 
obtained by LC-MS/MS (34,35) and UPLC-MS/MS 
(36,37) were similar, UHPLC gave significantly better 

precision. The details of these methods are summarized 
in Table 2.

5. Conclusions and future perspectives

COVID-19, a highly infectious respiratory disease, 
is undoubtedly the most challenging pandemic in the 
current century. It has been shown that remdesivir is 
highly effective in stopping the replication mechanism 
of the coronavirus that causes COVID-19. This review 
provides for the first time a simplified and thorough 
evaluation of the analytical methods for the analysis of 
remdesivir from 2000 up to 2020.
	 A survey of the literature reveals that only LC-
MS methods have been introduced for remdesivir 
determination in biological samples, which increases 
analysis costs to a considerable extent. To date, all the 
studies reported in literature have been performed in 
biological fluids, particularly in plasma samples. The 
sample clean-up procedure is a mandatory step in the 
whole analytical process, due to the low concentration 
of remdesivir and interference of complex matrix in 
biological samples. Surprisingly, all the authors have 
used conventional PP technique for the extraction of 
remdesivir and its metabolites. PP is a rapid, low cost 
and convenient extraction technique; however, it is 
nonselective and does not remove many of the matrix 
interferences. In addition, PP is not as rugged and 
reproducible sample perpetration procedure with LC-MS 
quantification due to the strong and inconsistent matrix 
effect. On the other hand, it is difficult to choose the ideal 
precipitating agents to remove interfering proteins from 
biological samples. Hence, to overcome such drawbacks, 
it is recommended that future trends should focus on 
the development of modern and more effective sample 
preparation techniques.
	 Qualitative and quantitative determination plays an 
important role in ensuring the safety and efficacy of 
drugs in different matrices. To the best of our knowledge, 
no stability indicating method has been reported for the 
estimation of remdesivir impurities and degradation 
products present in pharmaceutical formulation. Thus, it 
is felt necessary to carry out forced degradation studies 
as per International Conference on Harmonization 
guidelines and design a selective and validated stability-
indicating HPLC method. According to the literature 
data, it can be concluded that both LC-MS/MS and 
UPLC-MS/MS methods provide acceptable analytical 
performance for remdesivir measurement but UPLC 
exhibited shorter analysis time, higher efficiency with 
better resolution and better precision. In all cases, the 
MS instrument was operated in the positive polarity. 
Furthermore, the protonated molecular ion [M+H]+ was 
chosen as a precursor ion for quantitation in all developed 
methods. Based on the cited literature, ESI is the most 
widely used ion source in the analysis of remdesivir and 
its metabolites in biological matrices by means of LC-
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MS(/MS) methods. These methods provide a powerful 
analytical tool for clinical therapeutic monitoring of 
remdesivir. However, MS apparatuses are usually quite 
expensive, and this cost may be prohibitive to clinical 
laboratories. As a result, despite many advantages of MS 
detection, the application of separation methods based on 
MS can be problematic in clinical practice.
	 Unlike complicated analyt ical  techniques, 
miniaturized analytical systems offer a low-cost, fast, 
easy-to-use, and on-site analysis method to explore 
the full potential of TDM. Also, on-site TDM has the 
potential to improve patient outcomes and extremely 
reduce health-care costs. Therefore, it is recommended 
that future trends should focus on the design and 
development of a highly sensitive, portable and 
miniaturized biosensor for monitoring of remdesivir. At 
last, it is hoped that this study provides new ideas and 
prospective for researchers involved in the development 
of new analytical methods, formulations, and quality and 
medical control of remdesivir.
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Dengue, scrub typhus, leptospirosis, chikungunya, malaria

Coronavirus disease 2019 (COVID-19) is a febrile respiratory illness that has spread rampantly 
across the globe and has emerged as one of the biggest pandemics of all time. Besides the direct 
effects of COVID-19 on mortality, collateral impacts on diagnosis and management of acute febrile 
illnesses (AFI) is a matter of great concern. The overlap in presentation, shunting of available 
resources and infection control precautions in patients with suspected COVID-19 result in a 
significant delay in diagnoses and management of AFI. This review highlights the challenges in the 
management of acute febrile illness during COVID pandemic and possible solutions for the same.

1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by 
a virus named Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2). The disease was first 
reported in December of 2019 and has evolved into 
a pandemic with more than 75 million cases as on 
December 20, 2020. The number of reported deaths due 
to COVID-19 is more than 1.6 million (1). However, 
there are no official reports on the number of deaths 
in non-COVID patients who suffered as collateral 
damage of COVID-19. One such group of patients 
who are speculated to be affected is patients with acute 
febrile illnesses (AFI) who may present with similar 
manifestations as COVID-19 but remain undiagnosed. 
AFI is an umbrella term used for infectious febrile illness 
of short duration (< 14 days) in tropical and sub-tropical 
countries (2). The most common AFIs include dengue, 
chikungunya, malaria, enteric fever, scrub typhus, 
leptospirosis, Zika virus, and Kyasanur forest disease 
(KFD) (3). The aim of this review is to discuss the 
interplay between COVID-19 and AFIs.

2. Epidemiology

Acute febrile illness is one of the most common causes 
of admission in the monsoon/post-monsoon season in 
both the public and private sectors. With the increase in 
the human population and overcrowding, the prevalence 
of AFIs has been increasing throughout the world. 
Due to the lockdown instituted in several geographical 
regions, interventions such as seasonal chemotherapy 
prophylaxis, insecticidal measures, and environmental 

surveillance may take a hit, thereby increasing the 
incidence further.
	 These AFIs are either mosquito-borne (dengue, 
chikungunya, malaria, Zika) with a higher number of 
reported cases in the monsoon season or are tick (KFD)/
louse-borne (scrub typhus) with predominant activity in 
the post-monsoon season. Waterborne illnesses such as 
leptospirosis and enteric fever can be seen throughout 
the year, but a spike is noticed in their reports in the 
monsoon season. Mosquito-borne AFIs like dengue, 
malaria, chikungunya, and Zika have wide geographic 
distribution spanning the continents of Asia, Africa, 
and South Americas. In a recent review of literature, 
262 dengue outbreaks were identified throughout the 
world from 1990-2015, with the highest number of 
them reported from India (58/262) (4). Malaria affects 
more than 90 countries and territories in the tropical and 
subtropical regions with Africa. According to the World 
Malaria Report 2017, in the year 2016, more than half of 
the population (698 million) was at risk of malaria (5). 
India accounted for 6% of all malaria cases in the world, 
6% of the deaths, and 51% of the global Plasmodium 
vivax cases. The report estimates the total cases in India 
at 1.31 million (0.94-1.83 million) and deaths at 23,990 
(1,600-46,500) (6). Following the initial outbreak at 
Tanganyika in the year 1952, Chikungunya epidemics 
have been reported from several parts of the world 
including Africa, Asia, and elsewhere. As of September 
2015, 1.7 million cases and 240 deaths were reported 
from 45 of the 53 countries or territories reporting to the 
Pan American Health Organization (7). The three major 
outbreaks of Zika virus disease occurred in the Yap 
Islands (2007), French Polynesia (2013-14), and South 
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Americas (2015-16) after years of sporadic reports from 
Africa. The first proven cases of ZIKV from India were 
reported in the year 2017. This was followed by major 
outbreaks in the states of Rajasthan and Madhya Pradesh 
in 2018 (8,9).
	 Tick/louse-borne AFIs like scrub typhus and KFD 
have a more defined geographical distribution. Scrub 
typhus, a rickettsial infection caused by Orientia 
tsutsugamushi, is supposed to be endemic in major 
parts of Asia and Australia. It accounts for up to 23% of 
all febrile episodes, with an estimated 1 million cases 
occurring annually in endemic areas (9). The KFD virus 
is transmitted by the bites of infected Haemaphysalis 
spinigera ticks. This is predominantly reported from 
five states in Southern India (Karnataka, Kerala, Goa, 
Maharashtra, and Tamil Nadu) (10).
	 Water-related diseases like leptospirosis and enteric 
fever have a world-wide distribution. Leptospirosis 
infection occurs from exposure to water contaminated 
with animal urine, while enteric fever is associated with 
the intake of contaminated food or water. As a part of 
a multi-centric study from India, of 3,682 patients with 
acute febrile illness, 469 (12.7%) were found to have a 
leptospiral infection (11). The global annual burden of 
typhoid was estimated at approximately 12 million cases 
for 2010, with a case fatality rate of 1% (12).

3. Clinical manifestations

The most common clinical manifestations of patients 
with mild COVID 19 are fever and upper respiratory 
tract symptoms. There are a significant fraction of 
patients with COVID-19 who present with fever but 
without upper respiratory tract symptoms. In patients 
with moderate/severe disease, there is concomitant 
respiratory distress and hypoxemia (13). Similar to 
the manifestations of COVID-19, patients with acute 
febrile illness present with fever with accompanying 
symptoms (Table 1) (14). Respiratory involvement as a 
consequence of increased vascular permeability or direct 
involvement as a part of multi-organ dysfunction is 
seen in many of the febrile illnesses (15). Consequently, 
the distinction between COVID-19 and AFI on clinical 

grounds alone is difficult. Some of the AFIs like dengue 
fever present commonly with a rash, but these rashes are 
often difficult to appreciate in dark-skinned individuals 
residing in the tropics. Besides, a similar rash has 
been described in a small percentage of patients with 
COVID-19. Characteristic eschar in scrub typhus help 
in differentiating from COVID in some cases, but its 
frequency is variable and may go unnoticed in many 
cases unless looked for carefully (16). Conjunctival 
suffusion and jaundice are characteristic of leptospirosis 
and are not commonly reported with COVID-19. 
However, a larger proportion of patients with leptospirosis 
do not have either of these signs (17). The presence of 
arthralgia is common to both AFIs (Chikungunya, Zika 
virus disease) and COVID-19. However, the presence 
of small joint arthritis is not commonly reported in 
COVID-19, which may help in diagnosing chikungunya.

4. Laboratory manifestations

The laboratory manifestations of COVID-19 and AFIs 
have been summarized in Table 2. Similar to patients 
with COVID-19, AFIs such as dengue, chikungunya, and 
KFD also present with leucopenia. Leucocytosis seen 
in some cases of scrub typhus or leptospirosis is rare in 
COVID-19. Thrombocytopenia (dengue, chikungunya, 
scrub typhus, leptospirosis, enteric fever, KFD) is, 
however, more common in most acute febrile illnesses 
when compared to COVID-19. Elevated transaminases 
(scrub typhus, enteric fever, dengue) are common to 
several AFI and COVID-19, but hyperbilirubinemia 
seen in leptospirosis is uncommon in COVID-19. Acute 
kidney injury in leptospirosis or scrub typhus can also 
be seen with severe COVID-19. Raised inflammatory 
markers such as C-reactive protein (scrub typhus, 
leptospirosis) is common to both AFI and moderate/
severe COVID-19.

5. Diagnosis

Healthcare workers in resource-limited settings often 
diagnose patients presumptively on the basis of clinical 
features and region-specific prevalence of the pathogens. 
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Table 1. Clinical manifestations of COVID-19 and acute febrile illnesses

Disease

COVID-19 (23)
Dengue (24)
Malaria (15)
Chikungunya (25)
Scrub typhus (26)
Leptospirosis (27)
Enteric fever (28)
KFD (29-31)
Zika (32-33)

Fever

Y
Y
Y
Y
Y
Y
Y
Y
Y

Abbreviations- Y, feature commonly present; ?Y, present but not very common; N, not commonly present.

GI Symptoms

N
Y
?Y
N
N
?Y
Y
?Y
?Y

Cough

Y
?Y

?Y
?Y
Y
 Y

Jaundice

N
-
Y
-

?Y
Y

 N
N

Lymph
adenopathy

N
?Y
-

?Y
?Y
-
-
 -
-

Rash

N
Y
N
Y
?Y

 
Y

Conjunctival 
suffusion

N
Y
-
-

?Y
Y
-
Y
Y

Hepato 
splenomegaly

N

?Y
-
Y
-
Y
 -
-
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unreal concerns of infection from the blood of suspected 
patients, peripheral smear and quantitative buffy 
coat are discontinued in many hospitals resulting in 
significant difficulty in diagnosing malaria. It has to be 
also kept in mind that some of the serological tests for 
AFI are not perfect and may yield false-positive results. 
As a result, a patient with COVID-19 may be falsely 
diagnosed with AFI, and infection control precautions 
may be discontinued. This can lead to unnecessary 
exposure to healthcare professionals. A report from 
Singapore highlighted patients with false-positive rapid 
serological testing for dengue, who later confirmed to 

However, the accurate determination of the aetiology 
of AFI requires laboratory tests, as many of the AFIs 
have similar clinical presentations. The overlap of the 
clinical spectrum of acute febrile illnesses with COVID 
19 has further added fuel to the fire by presenting as a 
diagnostic and management conundrum for the health 
care system in resource-limited settings. Besides, due 
to the infection control precautions that are mandated 
in most hospitals, tests for acute febrile illnesses are 
often not sent until the COVID tests return negative. 
Depending on the turn-around time of COVID-19 tests, 
the diagnosis of AFI is often delayed. Also, due to 

Table 2. Laboratory manifestations of COVID-19 and acute febrile illnesses

Disease

COVID-19 (23,34)
Dengue (24,35)
Malaria (15,36)
Chikungunya (25) 
Scrub typhus (25,34-36,40)
Leptospirosis (27,41)
Enteric fever (42)
KFD (29-31)
Zika (33)

Anemia

N
N
Y
N
?Y
?Y
?Y
N
-

Abbreviations- Y, feature commonly present; ?Y, present but not very common; N, not commonly present.

Thrombocytopenia

N
Y
Y
Y
Y
Y
Y
Y
?Y

Leukopenia

?Y
Y
N
Y
N
N
?Y
Y
Y

Deranged 
LFT

N
Y
Y
-
Y
Y
?Y
Y
-

Raised CRP

?Y
-
-
-
Y
Y
-
-
-

Leukocytosis

N
N
N
N
Y
Y
Y
-
-

Raised 
Creatinine

N
N
Y
N
?Y
Y

-
-

Coagulopathy

Y
Y
Y
-

?Y
-
-
-
-

Figure 1. Proposed algorithm for the approach to Acute febrile illness during COVID time. Abbreviations: AFI- Acute febrile illness, AKI- 
Acute kidney injury, RDT- Rapid diagnostic test, PCR- Polymerase chain reaction assay.
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have severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection- the causative virus of 
COVID-19 (18,19). A similar report published by Ullah 
et al. described a patient with COVID 19 presenting 
with arthralgia and a false positive chikungunya test 
(20). Also, considering the current endemicity of 
both groups of illnesses, coinfections cannot be ruled 
out. During the pandemic, the routine non-COVID 
diagnostics have been severely compromised due to 
the shunting of resources (manpower and materials) in 
the COVID area. In such a scenario, the use of rapid 
diagnostic testing for the diagnosis of COVID-19 and 
AFIs will be beneficial in early diagnosis and prompt 
initiation of treatment (21). However, it must be kept 
in mind that rapid diagnostic tests suffer from poor 
sensitivity. In the presence of high clinical suspicion, 
they should be confirmed by routine gold standard 
diagnostics. An integrated algorithm has been proposed 
for the management of a patient with suspected AFI. 
(Figure 1) (22-42).

6. Treatment

The rapidly evolving use of experimental COVID-19 
therapies is gaining importance globally. While most 
of these therapies are initiated without proof of their 
efficacy in COVID-19, they may have potential clinical 
harms. Biologicals like anakinra and tocilizumab 
may suppress the cytokine storm, a potential defence 
mechanism against febrile illnesses. Pharmacokinetic 
and pharmacodynamic interactions involving the 
HIV protease inhibitor lopinavir/ritonavir may affect 
the absorption, distribution, and metabolism of other 
systemic therapy administered to the patient. The 
rampant off-label use of chloroquine derivatives for 
COVID 19 prophylaxis may increase resistance in 
malaria in endemic regions. The use of agents like 
doxycycline and azithromycin as empiric therapy can 
decrease the sensitivity of molecular diagnostics by 
many folds (43).

7. Conclusion

It is of prime importance that the infrastructure and 
manpower at the healthcare facilities should be expanded 
to avoid neglect of endemic acute febrile diseases. The 
primary care physicians should be sensitized about the 
importance of suspecting AFIs in COVID-19 suspects. 
There is a need for formulating integrated clinical 
algorithms for the management of AFIs, keeping into 
account the epidemiology and seasonal prevalence of 
febrile diseases.
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In vivo-mimic silkworm infection models with Mycobacterium avium and Mycobacterium 
intracellulare were newly established to evaluate the therapeutic effects of anti-M. avium complex 
(MAC) antibiotics. Silkworms raised at 37°C died within 72 hours of an injection of M. avium or 
M. intracellulare (2.5 × 107 colony-forming unit (CFU)/larva·g) into the hemolymph. Clinical anti-
mycobacterial (tuberculosis) antibiotics were evaluated under these conditions. Clarithromycin, 
kanamycin, streptomycin, amikacin, and ciprofloxacin exerted therapeutic effects in a dose-
dependent manner, which was consistent with those in the mouse model. Furthermore, three 
effective actinomycete culture broths were selected in the screening program of our microbial broth 
library using the silkworm model, and four active metabolites, ohmyungsamycins A and B (1 and 2), 
chartreusin (3), and griseoviridin (4), were identified. Among these compounds, 1 showed the lowest 
50% effective dose (ED50) value (8.5 µg/larva·g), while 3 had the best ED50/minimum inhibitory 
concentration (MIC) ratio (7.4). These results indicate that silkworm models are a useful tool for 
identifying anti-MAC antibiotics candidates with veritable therapeutic effects.

1. Introduction

Mycobacterium avium complex (MAC) infection is 
mainly caused by M. avium and M. intracellulare, 
which are nontuberculosis mycobacteria (NTM), and 
is a nontuberculous mycobacterial pulmonary and 
intractable disorder, the incidence of which has been 
increasing more than that of tuberculosis in developed 
countries (1,2). Although the majority of individuals 
infected with MAC bacteria are asymptomatic, patients 
with compromised immune functions due to cancer or 
HIV/AIDS or those with lung disease, such as chronic 
obstructive pulmonary disease or cystic fibrosis, are 
at the highest risk of developing MAC infection. 
Pulmonary MAC infection progresses slowly, worsens 
over time, and may persist for weeks or months, and its 
symptoms are similar to those of tuberculosis, such as 
weight loss, fever, fatigue, and night sweats (1). Limited 
drugs are currently available for use in clinical practice, 
and the treatment approach employs the combination of 

first-line clarithromycin with rifampicin and ethambutol. 
However, this treatment is not sufficiently effective, and 
the emergence of bacterial resistance is a major issue 
because it necessitates treatment for more than one year 
(3). Although amikacin liposome inhalation suspension 
(ALIS) was newly approved for the treatment of 
MAC infection in 2018 (4), the development of new 
candidates for MAC infection with novel skeletal 
structures and different mechanisms of action to existing 
drugs is urgently needed.
	 In the screening of potential antibiotics against 
various pathogenic microorganisms from natural 
resources, we have conducted in vivo-mimic infection 
assays using silkworms at the early stage of drug 
development (5-10). This assay system concept is 
straightforward: candidate compounds or test samples 
are injected into pathogenic microorganism-infected 
silkworm larvae, and the survival rate over a few days 
is then monitored to assess the therapeutic effects of 
the sample. Furthermore, the silkworm model may be 
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evaluated more rapidly and efficiently than a mouse 
model. We previously established a silkworm model with 
M. smegmatis and Mycobacteroides (My.) abscessus 
for the screening anti-tuberculosis and anti-NTM 
agents, respectively (11,12), and found that lariatins 
(13), calpinactam (14), lysocin E (5), propeptin (15), 
and nosiheptide (16) exerted therapeutic effects in the 
silkworm model.
	 We herein successfully established a silkworm 
model with M. avium and M. intracellulare, which had 
not been achieved in previous studies, and clinical anti-
tuberculosis and anti-MAC drugs were evaluated using 
this model. The screening study from our microbial 
broth library resulted in the identification of four 
microbial metabolites, ohmyungsamycins A (1) and B 
(2) (17,18), chartreusin (3) (19), and griseoviridin (4) 
(20), from the culture broths of actinomycete strains 
(Figure 1). We described the establishment of the 
silkworm model with M. avium and M. intracellulare 
and the in vivo therapeutic effects of anti-mycobacterial 
agents and 1-4.

2. Materials and Methods

2.1. Materials

Kanamycin, streptomycin, amikacin, ciprofloxacin, and 
rifampicin were purchased from FUJIFILM Wako Pure 
Chemical Industries (Osaka, Japan). Clarithromycin, 
ethambutol, isoniazid, and pyrazinamide were purchased 
from Tokyo Chemical Industries (Tokyo, Japan). Unless 
otherwise stated, all other reagents were reagent-grade 
commercial products. Middlebrook 7H9 broth (Becton, 
Dickinson and Company, NJ, USA) was blended with 
0.05% Tween 80 (Tokyo Chemical Industries) and 
10% ADC enrichment [5% bovine serum albumin 
(FUJIFILM Wako Pure Chemical Industries), 2% 
glucose (FUJIFILM Wako Pure Chemical Industries), 
and 0.85% NaCl (FUJIFILM Wako Pure Chemical 
Industries)] to cultivate mycobacterium strains. Seed 
and production media consisted of 1.0% malt extract 

(Becton, Dickinson and Company), 0.4% yeast extract 
(Becton, Dickinson and Company), and 0.4% glucose 
(FUJIFILM Wako Pure Chemical Industries) to cultivate 
all actinomycetal strains.

2.2. Silkworms

Fertilized silkworm eggs of Bombyx mori (Hu·Yo × 
Tukuba·Ne) were purchased from Ehime Sansyu (Ehime, 
Japan) and fed an artificial diet (Silk Mate 2S; Nihon 
Nosan Kogyo, Kanagawa, Japan, and Silkmate; Katakura 
Industries, Tokyo, Japan) until the fourth-instar larval 
stage.

2.3. Preparation of the mycobacterial suspension

M. avium JCM15430 and M. intracellulare JCM6384 
were obtained from the Riken BioResource Research 
Center (Ibaraki, Japan). Both strains were stored in 
20% glycerol at -80°C. Frozen stock culture (500 µL, 
approximately 5.0 × 108 colony-forming unit (CFU)/
mL) was inoculated into Middlebrook 7H9 broth (10 
mL) in a T-25 flask (TPP Techno Plastic Products AG, 
Trasadingen, Switzerland) and cultured under static 
conditions at 37°C for 14 days (up to approximately 1.0 
× 109 CFU/mL).

2.4. Assessment of minimum inhibitory concentration 
(MIC) values using the liquid microdilution method

The MIC values of anti-tuberculosis antibiotics 
(isoniazid, rifampicin, pyrazinamide, ethambutol, 
streptomycin, kanamycin, and clarithromycin) and 
four microbial metabolites (1-4) against M. avium 
and M. intracellulare were evaluated using the liquid 
microdilution method according to a previously 
established method (11,21). Each test strain was adjusted 
to 1.0 × 106 CFU/mL in Middlebrook 7H9 broth. The 
suspension (95 µL) was added to each well of a 96-well 
microplate (AS ONE, Osaka, Japan) with or without test 
samples (5 µL in methanol or saline) and incubated at 
37°C for 5 days. Absorbance was measured at 550 nm 
using an absorption spectrometer (MTP-500, Corona 
Electric Co., Ltd., Ibaraki, Japan). The MIC value was 
defined as the lowest sample concentration that inhibited 
the growth of M. avium or M. intracellulare by 90%.

2.5. Silkworm infection model with M. avium and M. 
intracellulare

Hatched silkworm larvae were raised by feeding an 
artificial diet containing antibiotics (Silk Mate 2S) in an 
incubator at 27°C until the fourth molting stage. On the 
first day of the fifth-instar larval stage, silkworms were 
fed an antibiotic-free artificial diet (Silk Mate) for 24 
hours. On the second day, a three-fold serially diluted 
M. avium JCM15340 or M. intracellulare JCM6384 

288

Figure 1. Structures of compounds 1-4.
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static conditions at 27°C was extracted with acetone (600 
mL) and concentrated in vacuo to remove acetone. The 
remaining aqueous solution was extracted with EtOAc 
(pH 3, 500 mL), and the organic layer was concentrated 
in vacuo to give a yellow solid material (259 mg). 
This material dissolved in a small volume of methanol 
was applied to a Sep-Pak C18 column cartridge (5 g) 
and eluted stepwise with 0, 20, 40, 60, 80, and 100% 
acetonitrile in H2O (20 mL each). The 60% acetonitrile 
eluate (12.3 mg) containing 3 was evaporated, and the 
residue was treated with methanol (1 mL) to obtain a 
methanol-insoluble substance as a yellow powder of 3 
(3.5 mg).
	 Griseoviridin (4): Actinomycete strain KTM7-6 was 
isolated from deep sea water collected from Kumejima 
island, Japan. 14-day-old whole culture broth fermented 
by the rotary shaker (180 rpm, 27°C) was extracted with 
acetone (600 mL), concentrated in vacuo to remove 
acetone, and extracted with EtOAc (200 mL) to obtain 
the EtOAc extract (86.6 mg). The extract dissolved 
in methanol was subjected to a Sep-Pak C18 column 
cartridge (5 g) and eluted stepwise with 0, 20, 40, 60, 
80, and 100% acetonitrile in water (20 mL each). The 
60% acetonitrile eluate was evaporated in vacuo, and 4 
was isolated as a white powder (3.5 mg).
	 The structures of 1-4 were identified by comparing 
their various spectroscopic data, including nuclear 
magnetic resonance (NMR) and mass spectrometry 
(MS) experiments, with those described in the literature 
(17-20) as ohmyungsamycin A (1), ohmyungsamycin B 
(2), chartreusin (3), and griseoviridin (4), respectively 
(Figure 1).

3. Results

3.1. Establishment of the silkworm infection model with 
M. avium and M. intracellulare

To establish the silkworm model with M. avium 
and M. intracellulare, the cell concentrations of 
the mycobacterium injected into silkworms were 
examined. Silkworms were infected with three different 
concentrations (0.83 × 107, 2.5 × 107, and 7.5 × 107 
CFU/larva·g) and observed for 96 hours under the 
incubation at 37ºC. Silkworms infected with M. avium 
and M. intracellulare died in a cell concentration-
dependent manner. All silkworms infected with M. 
avium at 0.83 × 107, 2.5 × 107, and 7.5 × 107 CFU/
larva·g died within 81, 72, and 64 hours, respectively 
(Figure 2A). The infection with M. intracellulare at 
0.83 × 107, 2.5 × 107, and 7.5 × 107 CFU/larva·g caused 
death within 81, 68, and 60 hours, respectively (Figure 
2B). Therefore, the cell concentrations of M. avium and 
M. intracellulare were fixed at 2.5 × 107 CFU/larva·g. 
The supernatant or autoclaved suspensions of M. avium 
and M. intracellulare had no pathogenicity against 
silkworms (data not shown). Based on these results, the 

suspension (0.83 × 107 to 7.5 × 107 CFU/larva·g in 50 µL 
saline) was injected into the hemolymph of silkworms 
through the dorsal surface (2.0 g, n = 5) using a 
disposable 1-mL syringe with a 27-G needle (TERUMO, 
Tokyo, Japan). Infected silkworms were raised without 
feed at 37°C unless stated otherwise, and their survival 
rate was measured every 3 hours after the sample 
injection.

2.6. Assessment of 50% effective dose (ED50) values 
in the silkworm infection model with M. avium and M. 
intracellulare

The M. avium or M. intracellulare suspension (2.5 × 
107 CFU/larva·g in 50 µL saline) was injected into the 
hemolymph of silkworm larvae (2.0 g, n = 5), followed 
by an injection of anti-tuberculosis antibiotics and 
microbial compounds (50 µL in saline or 10% dimethyl 
sulfoxide) within 30 minutes. Silkworms were then 
raised at 37ºC. The survival rate at the indicated drug 
dose was assessed 72 hours after its injection. ED50 
values were defined as the amount of a drug required for 
a 50% survival rate, normalized per 1 g of silkworm.

2.7. Isolation of 1-4

Ohmyungsamycins A (1) and B (2): Actinomycete 
strain TMPU-A0334 was isolated from marine sediment 
collected from Tokyo Bay, Japan at a depth of 6.4 m. 
This strain was fermented with seed medium containing 
3.64% Marine art Hi (Osaka Yakken Co., Ltd., Osaka, 
Japan) on a rotary shaker (180 rpm, 27°C) for 3 days, 
followed by a production culture on a rotary shaker (180 
rpm, 27°C) for 21 days. The culture broth obtained (5.0 
L) was centrifuged to separate mycelia and supernatant. 
After mycelia had been treated with acetone (1.0 L), 
the mixture was filtered and concentrated in vacuo 
to remove acetone. Aqueous solution (300 mL) was 
adjusted to pH 9 and extracted with an equal volume 
of ethyl acetate (EtOAc). The EtOAc layer was then 
evaporated in vacuo to yield a solid black material (206 
mg). This material was dissolved in a small amount of 
methanol, applied to a Sep-Pak C18 column cartridge (5 
g, Waters, MA, USA), and eluted stepwise with 0, 20, 
40, 60, 80, and 100% acetonitrile in water (20 mL each). 
The 80% acetonitrile eluate (12.5 mg) containing 1 and 
2 were purified by preparative high-performance liquid 
chromatography (HPLC) [Column, PEGASIL ODS 
SP100 (Senshu Scientific Co., Tokyo, Japan, i.d. 10 mm 
× 250 mm); mobile phase, 55% acetonitrile in 50 mM 
sodium phosphate buffer (pH 7); flow rate, 3.0 mL/min; 
detection, UV at 210 nm]. Under these conditions, 1 (3.1 
mg, retention time (tR) = 26 min) and 2 (3.5 mg, tR = 34 
min) were isolated as white powders.
	 Chartreusin (3): Actinomycete strain TMPU-A0405 
was isolated from soil collected in Tottori prefecture, 
Japan. 14-day-old culture broth (1.0 L) fermented under 
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silkworm model with M. avium and M. intracellulare 
was established; these mycobacteria were injected into 
the silkworm hemolymph at 2.5 × 107 CFU/larva·g, and 
infected silkworms were then raised at 37°C. Under 
these conditions, all silkworms died within 72 hours.

3.2. In vitro anti-M. avium and M. intracellulare activities 
of anti-tuberculosis antibiotics

The in vitro anti-M. avium and M. intracellulare activities 
of clinically used anti-tuberculosis drugs (clarithromycin, 

kanamycin, streptomycin, amikacin, ciprofloxacin, 
rifampicin, ethambutol, isoniazid, and pyrazinamide) 
were compared using the liquid microdilution method. 
MIC values are summarized in Table 1. Clarithromycin, 
kanamycin, streptomycin, amikacin, ciprofloxacin, 
rifampicin, ethambutol, and isoniazid inhibited the 
growth of M. avium with MIC values of 0.098, 3.1, 
1.6, 1.6, 0.20, 0.20, 13, and 1.6 µg/mL, respectively. 
The anti-M. intracellulare activities of clarithromycin, 
kanamycin, streptomycin, amikacin, ciprofloxacin, 
rifampicin, ethambutol, and isoniazid showed MIC 
values of 0.012, 1.6, 0.78, 1.6, 0.39, 0.049, 1.6, and 3.1 
µg/mL, respectively. However, pyrazinamide did not 
exhibit anti-M. avium or M. intracellulare activity, even 
at 50 µg/mL.

3.3. Therapeutic effects of anti-tuberculosis antibiotics 
in the silkworm infection model with M. avium and M. 
intracellulare

Anti-tuberculosis antibiotics were then assessed in the 
established silkworm model with M. avium and M. 
intracellulare (n = 5), and their ED50 values are listed 
in Table 1. Treatments with clarithromycin, kanamycin, 
streptomycin, amikacin, and ciprofloxacin exerted 
therapeutic effects in the silkworm model with M. avium 
in a dose-dependent manner with ED50 values of 23, 
23, 20, 140, and 140 µg/larva·g, respectively (Table 
1, Figure 3). Similarly, clarithromycin, kanamycin, 
streptomycin, and amikacin exerted therapeutic effects 
in the silkworm model with M. intracellulare with ED50 
values of 42, 27, 84, and 160 µg/larva·g (Table 1, Figure 
4). However, rifampicin, ethambutol, isoniazid, and 
pyrazinamide did not exert therapeutic effects, even at 
200 µg/larva·g (Table 1, Figures 3 and 4). Moreover, 
none of the anti-tuberculosis antibiotics (200 µg/larva·g) 

Table 1. Anti-microbial properties of anti-mycobacterium agents and compounds 1-4 against M. avium and M. intracellulare

Clarithromycin
Kanamycin
Streptomycin
Amikacin
Ciprofloxacin
Rifampicin
Ethambutol
Isoniazid
pyrazinamide

Ohmyungsamycin A (1)
Ohmyungsamycin B (2)
Chartreusin (3)
Griseoviridin (4)

MIC (µg/mL)

0.098
3.1
1.6
1.6
0.20
0.20
13
1.6

> 50

0.39
1.6
3.1
1.6

The MIC value was defined as the lowest compound concentration that inhibited the growth of M. avium and M. intracellulare by 90%. The ED50 
value was defined as the amount of the compound required for 50% survival, normalized per 1 g of silkworm. Experiments were performed three 
times and reproducible data were observed.

ED50/MIC

230
7.4
13
88
700
−
−
−
−

22
26
7.4
22

ED50 (µg/larva·g)

23
23
20
140
140

> 200
> 200
> 200
> 200

8.5
42
23
35

Mycobacterium avium

MIC (µg/mL)

0.012
1.6
0.78
1.6
0.39
0.049
1.6
3.1

> 50

0.20
1.6
3.1
0.78

ED50/MIC

3500
17
110
100
−
−
−
−
−

200
−
−
−

ED50 (µg/larva·g)

  42
  27
  84
160

> 200
> 200
> 200
> 200
> 200

40
> 50
> 50
> 50

Mycobacterium intracellulare

Figure 2.	 Silkworm-killing abilities of (A) M. avium and (B) 
M. intracellulare. Suspensions of the M. avium JCM15340 and 
M. intracellulare JCM6384 strains were diluted to the indicated 
cell number and injected into the silkworm hemolymph. Infected 
silkworms were incubated at 37°C. The number of surviving 
silkworms was counted 96 h after the injection. ♦: 7.5 × 107, ■: 2.5 × 
107, ●: 0.83 × 107, ▲: 0 CFU/larva·g, Experiments were performed 
three times and reproducible data were observed.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(6):287-295.291

Figure 3. Therapeutic effects of anti-mycobacterium drugs in the silkworm infection assay with M. avium. (a) Clarithromycin (CAM), (b) 
kanamycin (KM), (c) streptomycin (SM), (d) amikacin (AMK), (e) ciprofloxacin (CPFX), (f) rifampicin (RFP), (g) ethambutol (EB), (h) isoniazid 
(INH), and (i) pyrazinamide (PZA). ○: 200, ♦: 100, ■: 50, ●: 25, ▲: 0 µg/larva·g. Experiments were performed three times and reproducible data 
were observed.

Figure 4. Therapeutic effects of anti-mycobacterium drugs in the silkworm infection assay with M. intracellulare. (a) Clarithromycin 
(CAM), (b) kanamycin (KM), (c) streptomycin (SM), (d) amikacin (AMK), (e) ciprofloxacin (CPFX), (f) rifampicin (RFP), (g) ethambutol (EB), 
(h) isoniazid (INH), and (i) pyrazinamide (PZA). ○: 200, ♦: 100, ■: 50, ●: 25, ▲: 0 µg/larva·g. Experiments were performed three times and 
reproducible data were observed.
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exhibited toxicity against silkworms, at least for 72 hours 
(data not shown).

3.4. Screening of anti-M. avium and M. intracellulare 
compounds in the silkworm infection model

We started screening for new types of anti-M. avium 
and M. intracellulare compounds using the established 
silkworm model; approximately 1,500 microbial broths 
of terrestrial and marine fungi and actinomycetes 
were evaluated. Consequently, three culture broths of 
actinomycete strains TMPU-A0334, TMPU-A0405, 
and KTM7-6 exerted therapeutic effects in the silkworm 
model. The bioactivity-guided separation of the broths 
led to the isolation of four microbial metabolites, 
ohmyungsamycins A (1) and B (2) from strain 
TMPU-A0334, chartreusin (3) from strain TMPU-A0405, 
and griseoviridin (4) from strain KTM7-6. Compounds 1 
and 2 were initially reported as cyclic peptides produced 
by the marine-derived Streptomyces sp. in 2013 (17), and 
the structure of 2 was revised by a total synthesis study 
in 2018 (18). Compound 3 was discovered in various 
actinomycetal culture broths following its first isolation 
from Streptomyces sp. in 1955 (19). Furthermore, 4 was 
initially isolated from Streptomyces sp. in 1956 (20), and 
we recently rediscovered its in vitro growth inhibitory 
activity against M. avium and M. intracellulare (21).

3.5. In vitro anti-M. avium and M. intracellulare 
activities of 1-4

The in vitro anti-M. avium and M. intracellulare 
activities of 1-4 were measured using the liquid 
microdilution method. Compound 1 showed the most 
potent in vitro anti-M. avium activity with a MIC value 
of 0.39 g/mL, while 2-4 had MIC values of 1.6, 3.1, and 
1.6 g/mL, respectively (Table 1). The MIC values of 
1-4 against M. intracellulare were equivalent to those 
against M. avium.

3.6. Therapeutic effects of 1-4 in the silkworm infection 
model with M. avium and M. intracellulare

Compounds 1-4 were evaluated in the silkworm 
model with M. avium and M. intracellulare (n = 5), 
and their ED50 values are summarized in Table 1. As 
shown in Figure 5, when 1-4 were administered to 
silkworms infected with M. avium, moderate therapeutic 
effects were confirmed in a dose-dependent manner 
with ED50 values of 8.5, 42, 23, and 35 g/larva·g, 
respectively. However, in the silkworm model with M. 
intracellulare, only silkworms treated with 1 survived 
(ED50; 40 g/larva·g), and 2-4 showed no effects in the 
M. intracellulare infection model, even at 50 g/larva·g 
(Figure 6). Compounds 1-4 did not exhibit any toxicity 
toward silkworms at least for 72 hours (data not shown).
	 The in vitro and in vivo experimental values of 1-4 

were used to calculate ED50/MIC ratios, an index of the 
drug potential of antibiotics (22), which were listed in 
Table 1. Among them, 3 showed the best ED50/MIC rate 
(7.4) in the silkworm model with M. avium, while 1, 2, 
and 4 showed similar rates (22 to 26). In contrast, only 
1 exhibited a high ED50/MIC rate (200) in the silkworm 
model with M. intracellulare.

4. Discussion

We herein successfully established an in vivo-mimic 
silkworm infection model with M. avium and M. 
intracellulare, which are slowly growing mycobacteria. 
We previously reported that silkworms infected with M. 
smegmatis (1.3 × 107 CFU/larva·g) and My. abscessus 
(3.8 × 107 CFU/larva·g), which are rapidly growing 
mycobacteria, died within 48 hours of infection 
(11,12). Based on these findings, further investigations 
showed that silkworms needed a longer time (for 72 
hours) and a higher cell concentration (2.5 × 107 CFU/
larva·g) for death due to infection with M. avium and M. 
intracellulare.
	 Clarithromycin is currently the standard therapy for 
MAC disease as the first-line drug in clinical practice. 
Combination therapy with rifampicin and ethambutol 
is simultaneously used to prevent the emergence of M. 
avium and M. intracellulare resistant to clarithromycin. 
The intravenous administration of aminoglycosides 
(streptomycin, kanamycin, or amikacin) twice or thrice 
weekly for at least two months is recommended in 
severe cases. The in vitro and in vivo anti-mycobacterial 
activities of various anti-tuberculosis drugs against 
MAC bacteria have been reported, as described 
below. The majority of these drugs were found to 
be active in vitro, except for pyrazinoic acid (23), 
the active metabolite converted from pyrazinamide. 
Among them, only clarithromycin (50-200 mg/kg) and 
aminoglycosides (kanamycin; 20 mg/kg, streptomycin; 
150 mg/kg, and amikacin; 100-220 mg/kg) exerted 
therapeutic effects as a single agent in in vivo mouse 
infection models with MAC bacteria. On the other 
hand, rifampicin (10 mg/kg), isoniazid (40 mg/kg), 
ethambutol (20-100 mg/kg), and ciprofloxacin (40 mg/
kg) had marginal effects (24-28). However, high doses 
of fluoroquinolones (moxifloxacin; 100 mg/kg and 
levofloxacin; 200 mg/kg) exerted therapeutic effects 
in MAC-infected mice, suggesting that ciprofloxacin 
also needs to be administered at higher doses to achieve 
greater therapeutic effects (29). These findings are 
consistent with the present results obtained using 
the silkworm model with M. avium. In comparisons, 
the therapeutic effects of these drugs were weaker in 
the silkworm model with M. intracellulare than in 
the model with M. avium. M. intracellulare has been 
reported to be more pathogenic and refractory than M. 
avium in clinical practice (30,31), which is consistent 
with the results obtained in the silkworm model. 
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Accordingly, we concluded that the silkworm model 
may be used to evaluate the in vivo effects of anti-MAC 
drug candidates.
	 Hamamoto and co-workers previously reported 
that the ED50/MIC ratio, indicating an index of drug 
potential, of common clinical antibiotics was less than 

10 (22). In the present study, the ratio of kanamycin 
had the best score of 7.4 in the silkworm model with 
M. avium, while those of clarithromycin, streptomycin, 
amikacin, and ciprofloxacin were higher than 10, 
suggesting that the efficiencies of the majority of the 
anti-tuberculosis drugs tested were poor in the silkworm 

Figure 5.	 Therapeutic effects of compounds 1-4 in the silkworm infection assay with M. avium. (a) Ohmyungsamycin A (1), (b) 
ohmyungsamycin B (2), (c) chartreusin (3), and (d) griseoviridin (4). ■: 50, ●: 25, ◊: 13, ▲: 0 µg/larva·g. Experiments were performed three 
times and reproducible data were observed.

Figure 6.	 Therapeutic effects of compounds 1-4 in the silkworm infection assay with M. intracellulare. (a) Ohmyungsamycin A (1), (b) 
ohmyungsamycin B (2), (c) chartreusin (3), and (d) griseoviridin (4). ■: 50, ●: 25, ▲: 0 µg/larva·g. Experiments were performed three times and 
reproducible data were observed.
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model with M. avium.
	 We then screened our microbial broth library using 
the silkworm model, and identified four potential 
compounds, ohmyungsamycins A and B (1  and 
2), chartreusin (3), and griseoviridin (4), from the 
actinomycete strains TMPU-A0334, TMPU-A0405, 
and KTM7-6, respectively. Compounds 1 to 4 exerted 
therapeutic effects in a dose-dependent manner in the 
silkworm model with M. avium. Of these, 1 exerted 
potent therapeutic effect with the lowest ED50 value of 
8.5 µg/larva·g in all tested compounds, including anti-
tuberculosis drugs. Moreover, the ED50/MIC ratios of 1, 
2, and 4 were relatively high (ratio; 22 to 26), while that 
of 3 only was < 10 (ratio; 7.4), similar to that of KM. 
Therefore, the therapeutic effects of 1 and 3 need to be 
examined in a mouse model.
	 We previously discovered a unique lasso peptide 
lariatin A, produced by Rhodococcus jostii K01-B0171, 
in the screening of anti-tuberculosis antibiotics using 
M. smegmatis (13). Lariatin A also exerted therapeutic 
effects in the silkworm model with M. smegmatis (ED50; 
0.5 µg/larva·g) and My. abscessus (ED50; 4.4 µg/larva·g) 
(11,12). In the present study, lariatin A exhibited anti-M. 
avium and anti-M. intracellulare activities with MIC 
values of 1.56 and 1.56 µg/mL, respectively, in the 
microdilution assay (data not shown), but no therapeutic 
effects in the silkworm model with M. avium and M. 
intracellulare (ED50; > 50 µg/larva·g). Interestingly, 
the therapeutic effects of 1, which were potent in the 
silkworm model with M. avium and M. intracellulare, 
were negligible in the silkworm model with M. 
smegmatis and My. abscessus (12). Many pathogenic 
mycobacteria are generally slow-growing. Therefore, 
the evaluation of test compounds by silkworm models 
using mycobacteria with different growth rates is critical 
for obtaining a more detailed understanding of actual 
medicinal effects that cannot be distinguished by in vitro 
activity.
	 In summary, we herein established silkworm 
models with M. avium and M. intracellulare to screen 
and develop new anti-MAC drugs. The reliability of 
the silkworm model was supported by comparisons 
of the therapeutic effects of clinically used anti-
mycobacterium drugs between the silkworm and mouse 
models. The evaluation period of test compounds in 
the silkworm model was successfully reduced from 4 
weeks in the mouse model to 4 days in the silkworm 
model. Furthermore, we identified four compounds as 
potential anti-MAC candidates from our microbial broth 
collection within a short period. Thus, the silkworm 
model has potential as a practical in vivo-mimic model 
for discovering a new class of anti-MAC drugs with 
therapeutic effects.

Acknowledgements

We thank the captain and crew of the training vessel 

"Hiyodori" of Tokyo University of Marine Science and 
Technology for their assistance in collecting marine 
sediments.

Funding: This work was supported by JSPS KAKENHI 
Grant Numbers 19J15511 (to AY) and 16H05095 (to 
RU).

Conflict of Interest: There is no conflict of interest to 
disclose.

References

1.	 Adjemian J, Olivier KN, Seitz AE, Holland SM, Prevots 
DR. Prevalence of nontuberculous mycobacterial lung 
disease in U.S. Medicare beneficiaries. Am J Respir Crit 
Care Med. 2012; 185:881-886.

2.	 Namkoong H, Kurashima A, Morimoto K, Hoshino 
Y, Hasegawa N, Ato M, Mitarai S. Epidemiology of 
pulmonary nontuberculous mycobacterial disease, Japan. 
Emerg Infect Dis. 2016; 22:1116-1117.

3.	 Griffith DE, Aksamit T, Brown-Elliott BA, et al. An 
official ATS/IDSA statement: diagnosis, treatment, and 
prevention of nontuberculous mycobacterial diseases. Am 
J Respir Crit Care Med. 2007; 175:367-416.

4.	 Shirley M. Amikacin liposome inhalation suspension: a 
review in Mycobacterium avium complex lung disease. 
Drugs. 2019; 79:555-562.

5.	 Hamamoto H, Urai M, Ishii K, et al. Lysocin E is a 
new antibiotic that targets menaquinone in the bacterial 
membrane. Nat Chem Biol. 2015; 11:127-133.

6.	 Uchida R, Iwatsuki M, Kim YP, Ohte S, Ōmura S, 
Tomoda H. Nosokomycins, new antibiotics, discovered in 
an in vivo-mimic infection model using silkworm larvae. 
I. Fermentation, isolation and biological properties. J 
Antibiot. 2010; 63:151-155.

7.	 Uchida R, Iwatsuki M, Kim YP, Ōmura S, Tomoda H. 
Nosokomycins, new antibiotics, discovered in an in vivo-
mimic infection model using silkworm larvae. II. Structure 
elucidation. J Antibiot. 2010; 63:157-163.

8.	 Uchida R, Hanaki H, Matsui H, Hamamoto H, Sekimizu K, 
Iwatsuki M, Kim YP, Tomoda H. In vitro and in vivo anti-
MRSA activities of nosokomycins. Drug Discov Ther. 
2014; 8:249-254.

9	 Uchida R, Namiguchi S, Ishijima H, Tomoda H. 
Therapeutic effects of three trichothecenes in the silkworm 
infection assay with Candida albicans. Drug Discov Ther. 
2016; 20:44-48.

10.	 Tominaga T, Uchida R, Koyama N, Tomoda H. Anti-
Rhizopus activity of tanzawaic acids produced by the hot 
spring-derived fungus Penicillium sp. BF-0005. J Antibiot. 
2018; 71:626-632.

11.	 Yagi A, Uchida R, Hamamoto H, Sekimizu K, Kimura 
K, Tomoda H. Ant i -Mycobacter ium ac t ivi ty of 
microbial peptides in a silkworm infection model with 
Mycobacterium smegmatis. J Antibiot. 2017; 70:685-690.

12.	 Hosoda K, Koyama N, Hamamoto H, Yagi A, Uchida R, 
Kanamoto A, Tomoda H. Evaluation of anti-mycobacterial 
compounds in a si lkworm infection model with 
Mycobacteroides abscessus. Molecules. 2020; 25:4971.

13.	 Iwatsuki M, Uchida R, Takakusagi Y, Matsumoto A, 
Jiang CL, Takahashi Y, Arai M, Kobayashi S, Matsumoto 
M, Inokoshi J, Tomoda H, mura S. Lariatins, novel anti-



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(6):287-295.

mycobacterial peptides with a lasso structure, produced by 
Rhodococcus jostii K01-B0171. J Antibiot. 2007; 60:357-
363.

14.	 Koyama N, Kojima S, Nonaka K, Masuma R, Matsumoto 
M, Ōmura S, Tomoda H. Calpinactam, a new anti-
mycobacterial agent, produced by Mortierella alpina FKI-
4905. J Antibiot. 2010; 63:183-186.

15.	 Kimura K, Kanou F, Takahashi H, Esumi Y, Uramoto 
M, Yoshihama M. Propeptin, a new inhibitor of prolyl 
endopeptidase produced by Microbispora. I. Fermentation, 
isolation and biological properties. J Antibiot. 1997; 
50:373-378.

16.	 Pascard C, Ducruix A, Lunel J, Prang T. Highly modified 
cysteine-containing antibiotics. Chemical structure and 
configuration of nosiheptide. J Am Chem Soc. 1977; 
99:6418-6423.

17.	 Um S, Choi TJ, Kim H, Kim BY, Kim SH, Lee SK, 
Oh KB, Shin J, Oh DC. Ohmyungsamycins A and B: 
cytotoxic and antimicrobial cyclic peptides produced by 
Streptomyces sp. from a volcanic island. J Org Chem. 
2013; 78:12321-12329.

18.	 Hur J, Jang J, Sim J, et al. Conformation-enabled total 
syntheses of ohmyungsamycins A and B and structural 
revision of ohmyungsamycin B. Angew Chem Int Ed 
Engl. 2018; 57:3069-3073.

19.	 Byron EL, Kenneth MC, LeRoy EJ, Charlotte MT, 
William GJ. Chartreusin, a new antibiotic produced by 
Streptomyces chartreusis, a new species. J Am Chem Soc. 
1953; 75:4011-4012.

20.	 Anderson LE, Ehrlich J, Sun SH, Burkholder PR. Strains 
of Streptomyces, the sources of azaserine, elaiomycin, 
griseoviridin, and viridogrisein. Antibiot Chemother. 
1956; 6:100-105.

21.	 Hosoda K, Koyama N, Kanamoto A, Tomoda H. 
Discovery of nosiheptide, griseoviridin, and etamycin as 
potent anti-Mycobacterial agents against Mycobacterium 
avium complex. Molecules. 2019; 24:1495

22.	 Hamamoto H, Kurokawa K, Kaito C, Kamura K, 
Razanajatovo IM, Kusuhara H, Santa T, Sekimizu 
K. Quantitative evaluation of the therapeutic effects 
of antibiotics using silkworms infected with human 
pathogenic microorganisms. Antimicrob Agents 
Chemother. 2004; 48:774-779.

23.	 Cynamon MH, Klemens SP, Chou TS, Gimi RH, Welch 
JT. Antimycobacterial activity of a series of pyrazinoic 
acid esters. J. Med. Chem. 1992; 35:1212-1215.

24.	 Kuze F. Experimental chemotherapy in chronic 
Mycobacterium avium-intracellulare infection of mice. 

Am Rev Respir Dis. 1984; 129:453-459.
25.	 Klemens SP, DeStefano MS, Cynamon MH. Activity of 

clarithromycin against Mycobacterium avium complex 
infection in beige mice. Antimicrob Agents Chemother. 
1992; 36:2413-2417.

26.	 Fattorini L, Xiao Y, Mattei M, Li Y, Iona E, Ricci ML, 
Thoresen OF, Creti R, Orefici G. Activities of isoniazid 
alone and in combination with other drugs against 
Mycobacterium avium infection in beige mice. Antimicrob 
Agents Chemother. 1998; 42:712-714.

27.	 Inderlied CB, Kolonoski PT, Wu M, Young LS. Amikacin, 
ciprofloxacin, and imipenem treatment for disseminated 
Mycobacterium avium complex infection of beige mice. 
Antimicrob Agents Chemother. 1989; 33:176-180.

28.	 Gangadharam PR, Ashtekar DR, Flasher DL, Düzgüneş 
N. Therapy of Mycobacterium avium complex infections 
in beige mice with streptomycin encapsulated in sterically 
stabilized liposomes. Antimicrob Agents Chemother. 
1995; 39:725-730.

29.	 Kohno Y, Ohno H, Miyazaki Y, Higashiyama Y, 
Yanagihara K, Hirakata Y, Fukushima K, Kohno S. In 
vitro and in vivo activities of novel fluoroquinolones alone 
and in combination with clarithromycin against clinically 
isolated Mycobacterium avium complex strains in Japan. 
Antimicrob Agents Chemother. 2007; 51:4071-4076.

30.	 Han XY, Tarrand JJ, Infante R, Jacobson KL, Truong 
M. Clinical significance and epidemiologic analyses of 
Mycobacterium avium and Mycobacterium intracellulare 
among patients without AIDS. J Clin Microbiol. 2005; 
43:4407-4412.

31.	 Koh WJ, Jeong BH, Jeon K, Lee NY, Lee KS, Woo 
SY, Shin SJ, Kwon OJ. Clinical significance of the 
differentiation between Mycobacterium avium and 
Mycobacterium intracellulare in M avium complex lung 
disease. Chest. 2012; 142:1482-1488.

Received October 26, 2020; Revised November 15, 2020; 
Accepted November 22, 2020.

*Address correspondence to:
Ryuji Uchida, Department of Natural Product Chemistry, 
Faculty of Pharmaceutical Sciences, Tohoku Medical and 
Pharmaceutical University, 4-4-1 Komatsushima, Aoba-ku, 
Sendai, Miyagi 981-8558, Japan.
E-mail: uchidar@tohoku-mpu.ac.jp

Released online in J-STAGE as advance publication November 
30, 2020.

295



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(6):296-303. 296

DOI: 10.5582/ddt.2020.03118Original Article

SUMMARY

Keywords

Preparation and in vitro tumor growth inhibitory effect of oligo 
(L-lactate) nanoparticles

Akihiro Matsumoto1, Satoshi Murao1, Chie Watanabe1,2, Masahiro Murakami1,*

1 Laboratory of Pharmaceutics, Faculty of Pharmacy, Osaka Ohtani University, Osaka, Japan; 
2 Laboratory of Clinical Pathology, Faculty of Pharmacy, Josai University, Saitama, Japan.

oligo(L-lactate), solid nanodispersion, polyol, solvent evaporation method, tumor growth inhibition, 
melanoma

Oligo L-lactates (oligolactates) that have low molecular weights less than 2000 have been reported 
to inhibit tumor growth and extend the survival of experimental animals. Because oligolactates are 
scarcely soluble in water, they require a solvent or a solubilizing agent, such as a surfactant, to be 
dissolved in water. However, these agents are generally cytotoxic, an in vitro assay appropriate to 
evaluate the inhibitory effect on tumor growth has not been developed yet. Here, we prepared a solid 
nanodispersion of oligolactates using an oil-in-water emulsion solvent evaporation method to evaluate 
its tumor inhibitory activity in vitro without a solvent or surfactant. Polyol solutions containing 
polyvinyl alcohol (PVA) were used as a continuous phase. The formation of nanoparticles depended 
on the concentrations of polyol and PVA in the continuous phase. The nanoparticles with a particle size 
of approximately 100 nm were obtained using 10-15% PVA and 60% propylene glycol. The obtained 
aqueous nanodispersion of oligolactates inhibited the growth of B16-BL6 melanoma cells in vitro, 
whereas the medium alone did not affect tumor cell growth. Therefore, oligo(L-lactate) nanoparticles 
may be useful in the research and development of oligolactates as a remedy for cancer.

1. Introduction

Polylactides are linear lactic acid polymers with high 
molecular weights which are inert; thus, they are used 
as green plastics or inactive biodegradable ingredients. 
A collegium on L-lactic acid oligomers (oligolactates), 
which was established in 1996 and sponsored by Tokai 
Education Instruments Co., Ltd. (Kanagawa, Japan) 
and Amato Pharmaceutical Products, Ltd. (Osaka, 
Japan), suggested that cyclic and linear oligolactates 
of molecular weights below 2000 exhibit various 
physiological activities such as antihyperglycemic 
and anti-allergic activities, suppression of anaerobic 
glycolysis, and mitochondrial proliferation (not 
published). The substances were originally discovered 
in a conditioned medium harvested from cultured 
HeLa cells (not published). Some fractions of the 
conditioned medium showed growth inhibition or 
tumoricidal effects against HeLa cells and other 
tumor cells. Subsequent investigations revealed that 
oligolactates from the conditioned medium showed a 
tumor static effect. Moreover, the collegium developed 
a method for synthesizing oligolactates with a degree of 
polymerization from 3-13 (1) and confirmed that these 

oligolactates show in vivo tumor static effects in mice. 
The oligolactates inhibit the anaerobic activity of tumor 
cells. Thus, they effectively inhibit the growth of FM3A 
ascites tumors (2). Other studies have also reported that 
an extract containing cyclic poly-L-lactates inhibited the 
cell growth of leukemic (3,4) and carcinoma cells (5). 
However, oligolactates are water-insoluble substances 
and require a water-miscible organic solvent such as 
dimethyl sulfoxide or a solubilizing agent such as a 
surfactant to be dissolved in water; unfortunately, these 
agents are generally cytotoxic or affect cell proliferation. 
Consequently, an in vitro assay to evaluate the inhibitory 
effect of oligolactates on tumor growth has not been 
developed yet. 
	 Macromolecular compounds and microparticles are 
generally membrane-impermeable, and their cellular 
uptake can occur via endocytosis, i.e., pinocytosis 
and phagocytosis. For the uptake of particles in 
non-phagocytes, the necessity for keeping particles 
between 10 and 100 nm to enter endocytic vesicles 
was postulated and became the foundation for the 
current definition of nanomedicine by various agencies 
worldwide (6). Thus, it can be a strategy for formulating 
nanoparticles by increasing the cellular uptake of water-
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insoluble macromolecules. 
	 Several techniques for reducing particle size have 
been proposed, including micro/nanomization (7-10), 
solubilization (11,12), and self-emulsification (13-
16). Among the size reduction methods, the solvent 
diffusion method is often used for preparing polymeric 
nanoparticles (17-21). A dispersed phase of an organic 
polymer solution is injected into a continuous phase 
of a miscible solvent. Being miscible, the interfacial 
tension between dispersed and continuous phase is 
reduced, and the deposition of the polymer occurs as 
nano-sized particles. In general, acetone and water are 
used as the dispersed and continuous phase, respectively. 
However, because commercially available oligolactates 
are insoluble in acetone, it is difficult to apply the 
solvent diffusion method to fabricate oligo(L-lactate) 
nanoparticles. In addition, this method typically generates 
nanoparticles of around 200 nm, and it is difficult to 
obtain nanoparticles around/below 100 nm. Thus, the 
particles are in a size range that promotes cellular uptake. 
	 Because oligolactates are soluble in methylene 
chloride, the emulsion-based solvent evaporation method 
is suitable to fabricate oligolactates particles. For further 
size reduction using this method, the interfacial tension 
must be reduced between the dispersed phase containing 
the polymer and the continuous phases. Additionally, 
the hydrophobicity between the two phases must be 
closer. The addition of polyols such as propylene 
glycol and butylene glycol to water as a continuous 
phase can increase the hydrophobicity of the solution. 
Moreover, polyol aqueous solution can dissolve PVA 
at high concentrations. PVA, a synthetic water‐soluble 
polymer, is very less toxic and commonly used for 
producing polymer emulsions in the preparation of nano/
microparticles, which is advantageous to reduce the 
interfacial tension between dispersed and continuous 
phases. Hence, in this study, to obtain nanoparticles of 
oligolactates around 100 nm or smaller, we used the 
oil-in-water (o/w) type emulsion solvent-evaporation 
method with a polyol aqueous solution as the continuous 
phase and a polymeric organic solvent as the dispersed 
phase. 
	 The objectives of this study were to develop an 
alternative fabrication method for oligo(L-lactate) 
nanoparticles, which are difficult to fabricate using 
conventional methods for polymeric nanoparticles, such 
as a solvent diffusion method, and confirm the tumor 
toxicity of oligolactates in vitro. We investigated the 
feasibility of implementing an o/w type emulsion solvent 
evaporation method using a polyol aqueous solution to 
obtain oligo(L-lactate) nanoparticles of various sizes. The 
aqueous nanodispersion can apply to in vitro cell culture 
without an organic solvent or surfactant. Our study 
will lead to a reasonable evaluation of the activity of 
oligolactates in vitro and help in developing oligolactates 
and their derivatives as a new type of antitumor agent in 
the future.

2. Materials and Methods

2.1. Materials

CPL, a commercial oligolactate mixture synthesized 
using a decompression and dehydration condensation 
method, was kindly gifted by Shumeido Co., Ltd. 
(Yamaguchi, Japan). Polyvinyl alcohol (PVA; JP03) 
was obtained from Japan VAM & POVAL Co., Ltd. 
(Osaka, Japan). Dulbecco's modified Eagle's medium 
(D-MEM) were purchased from Wako Pure Chemical 
Industry, Ltd. (Osaka, Japan). Dulbecco's phosphate-
buffered saline (D-PBS), non-essential amino acids, 
penicillin, streptomycin, and Cell Count Reagent SF 
were purchased from Nacalai Tesque, Inc. (Kyoto, 
Japan). Fetal bovine serum (FBS) was purchased from 
Biowest (Nuaillé, France). All other chemicals used 
were of reagent grade. There are no ethical aspects to 
declare in this study.

2.2. Cell lines and culture

Murine B16-BL6 melanoma cells were kindly 
provided by Dr. Y. Hayakawa (University of Toyama) 
and routinely incubated and maintained in complete 
medium (DMEM containing 10% FBS, non-essential 
amino acids, 100 U/mL penicillin, and 100 U/
mL streptomycin, pH 7.4) at 37°C in a humidified 
atmosphere containing 5% carbon dioxide. 

2.3. Synthesis of low molecular weight oligolactates

Oligolactates were synthesized by dehydration 
polycondensation to obtain oligolactates with a lower 
molecular weight than CPL. L-Lactic acid (500 mL) 
was placed into a three-necked flask fitted with a 
distillation head and condenser, a thermometer for 
monitoring the temperature of the solution, and an 
inlet for inert nitrogen gas (300 mL/min). The vessel 
was heated at 145°C for 3 h using a mantle heater. The 
pressure and temperature were then changed stepwise 
to 150 mmHg at 145°C for 3 h, 3 mmHg at 155°C for 
3 h, and 3 mmHg at 185°C for 1.5 h. The obtained 
mixture was mixed well with ethanol (100 mL) and 
methanol (400 mL) at 100°C, and then cooled to room 
temperature overnight. The obtained suspension was 
filtered to remove participants, dried under reduced 
pressure, and filtered to remove participants once again 
before the dry substance was dissolved in acetonitrile 
(200 mL). The solution was purified using reverse 
phase Octa decyl silyl (ODS) column (Biotage® sfӓr 
C18 Duo 100Å 30 μm, Biotage AB, Uppsala, Sweden) 
through stepwise elution of 0.01 M hydrochloride -30% 
acetonitrile, 0.01 M hydrochloride -50% acetonitrile, 
and 0.01 M hydrochloride -100% acetonitrile. The 
elute collected with 100% acetonitrile was dried under 
reduced pressure to obtain oligolactates. Hereinafter, 
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transmission electron microscope (TEM; JEM-1400Plus, 
JOEL Ltd., Tokyo, Japan) at 100 kV. Digital images 
were captured with a CCD camera (EM-14830RUBY2, 
JOEL Ltd., Tokyo, Japan).

2.8. In vitro tumor growth inhibition study

The influence of CPL and the synthesized oligo(L-
lactate) nanoparticles on in vitro B16-BL6 cell growth 
was evaluated using the water-soluble tetrazolium 
(WST) method. In brief, 1 × 104 cells/mL of the 
exponentially growing B16-BL6 cells (100 μL) in a 
complete medium was plated in a 96-well plate. After 
a 24-h incubation at 37°C in a humidified atmosphere 
containing 5% carbon dioxide to allow cell attachment, 
the cells were treated with varying concentrations of 
the synthesized oligo(L-lactate) nanoparticles dispersed 
in the complete medium and incubated for 48 h under 
the same conditions. After 4 h of incubation under the 
same conditions, followed by the addition of 10 μL of 
Cell Count Reagent SF, the supernatant was measured 
spectrophotometrically at 450 nm using a hybrid 
multimode microplate reader (Synergy H4; BioTek 
Instruments, Winooski, VT, USA).

2.9. Statistical analysis

Experiments were performed at least three times. The 
results are presented as the mean ± standard deviation. 
The differences between the means for the two groups 
were statistically analyzed using Williams' test for 
multiple comparisons. P-values < 0.05 indicated 
significant differences.

3. Results

3.1. Characteristics of CPL and synthesized oligolactates 
based on MALDI-TOF-MS analysis

Figure 1 shows the mass spectra of CPL and the 
synthesized oligolactates, and Table 1 lists the detected 
molecular weights. The measurement in positive 
mode provided molecular ion peaks corresponding to 
protonated, sodium, and ammoniated oligolactates ions. 
For CPL, the peaks corresponding to polymerization 
degree 4-31 indicating linear structure and 5-12 
indicating cyclic structure were detected. For the 
synthesized oligolactates, peaks corresponding to 
polymerization degrees 2-12 (linear) and 2-8 (cyclic) 
were detected. 
	 The complicated stepwise change in pressure and 
temperature in the dehydration polycondensation 
method for synthesizing oligolactates was aimed at 
increasing the yield of cyclic lactides. However, some 
of the major molecular weight peaks were identified 
as linear oligolactates through MALDI-TOF-MS. This 
indicates that a large quantity of linear oligolactates 

the obtained oligolactates are referred to as "synthesized 
oligolactates". 
	 To prepare the oligo(L-lactate) nanoparticles used 
in the in vitro tumor growth inhibition study, we used 
oligolactates washed with water to remove water-
soluble components. Namely, 1 g of oligolactates was 
dissolved in 2 mL of methylene chloride, washed with 
10 mL water by shaking for 30 min, and dried under 
reduced pressure.
 
2.4. Preparation of commercial or synthesized oligo(L-
lactate) nanoparticles

CPL- or synthesized oligo(L-lactate) nanoparticles 
were prepared using the o/w type emulsion solvent 
evaporation method. CPL or the synthesized oligolactates 
were dissolved in methylene chloride to obtain the oil 
phase. The oil phase was emulsified in 5 mL of PVA 
solution containing propylene glycol at 20,000 rpm 
using a homogenizer (ULTRA-TURRAX T18, IKA®-
Werke GmbH & Co., KG, Staufen, Germany) for 5 
min at 20-23°C. The resulting o/w type emulsion was 
added to 100 mL of water, and the diluted emulsion was 
stirred at 20-23°C for 180 min to remove the solvent. 
The aggregates generated during the manufacturing 
process were removed using a 20-μm stainless mesh or 
0.45-μm membrane filter if necessary. For the in vitro 
tumor growth inhibition study, the obtained nanoparticle 
suspension was washed and replaced with a complete 
medium by ultrafiltration using a 100 kDa filter at 4°C.

2.5. Characterization of nanoparticles

The size and zeta potential of the nanoparticles were 
measured using dynamic light scattering (DLS) with a 
zeta (ζ) potential analyzer (ELSZ-2, Otsuka Electronics 
Co. Ltd., Osaka, Japan). The cumulant size obtained by 
DLS was used as the hydrodynamic diameter. 

2.6. Characteristics of CPL and synthesized oligolactates

CPL and the synthesized oligolactates were dissolved 
in tetrahydrofuran, mixed with 3-indoleacrylic acid 
(Tokyo Chemical Industry Co., Ltd., Tokyo, Japan), 
and characterized by matrix-assisted laser desorption/
ionization-time of flight-mass spectrometry (MALDI-
TOF-MS). The mass spectrometry was performed using 
an AXIMA® Confidence™ running LAUNCHPAD 2.8.4 
(Shimadzu Co., Ltd., Kyoto, Japan). The wavelength of 
the laser was 337 nm. 

2.7. Transmission electron microscope imaging

The nanoparticles were absorbed onto formvar film-
coated copper grids and negatively stained by treating 
them with 2% phosphotungstic acid solution (pH 7.0) 
for a few seconds. The samples were observed using a 
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is among the oligolactates synthesized in this study as 
well as in CPL.

3.2. Influence of fabrication conditions on the 
characteristics of CPL nanoparticles

Table 2 summarizes the particle sizes of CPL 
nanoparticles in various continuous phases during 
the emulsification process. The increase in PVA 
concentration resulted in smaller CPL nanoparticles, 
and the particle sizes were below 200 nm in continuous 
phases containing more than 5% PVA concentration 
in the case of 60% propylene glycol (Figure 2a). With 
the addition of polyol, an increase in propylene glycol 

concentration up to 60% resulted in a smaller particle 
size (Figure 2b); however, 80% propylene glycol-10% 
PVA solution could not be used as a continuous phase 
because of its gelation at room temperature. The 
reduction in particle size by the addition of polyols was 
in the order of 1,3-butylene glycol = propylene glycol 
> glycerin, and butylated glycol and propylene glycol 
provided particle sizes below 150 nm in the case of 10% 
PVA. When glycerin was used as a polyol, the aggregates 

Figure 1. MALDI-TOF-MS spectra. a) CPL and b) synthesized 
oligolactates. The molecular weight of peaks corresponds to ●: [linear 
oligolactates-Na]+, ■: [linear oligolactates-K]+, ○: [cyclic oligolactates-
Na]+, □: [cyclic oligolactates-K]+, ◊: [cyclic oligolactates-H]+.

Table 2. Composition of continuous phase and hydrodynamic diameter of the fabricated nanoparticles

Number

#1
#2
#3
#4
#5
#7
#8
#9
#10
#11
#12
#13

Composition of continuous phase

10% PVA
10% PVA-60% glycerol
10% PVA-60% propylene glycol
10% PVA-60% 1,3 butylene glycol
15% PVA-60% propylene glycol
5% PVA-60% propylene glycol
2.5% PVA-60% propylene glycol
0.5% PVA-60% propylene glycol
10% PVA-80% propylene glycol
10% PVA-50% propylene glycol
10% PVA-40% propylene glycol
10% PVA-20% propylene glycol

Data are represented as mean ± S.D. (n = 3 batches). PVA, polyvinyl alcohol; S.D., standard deviation.

Polydispersity index

0.202 ± 0.030
0.648 ± 0.088
0.098 ± 0.018
0.075 ± 0.013
0.131 ± 0.027
0.062 ± 0.013
0.066 ± 0.017
0.136 ± 0.031

-
0.114 ± 0.012
0.111 ± 0.041
0.107 ± 0.018

   Mean size

435.0 ± 48.5 nm
 1609 ± 220 nm
117.1 ± 4.3 nm
137.1 ± 7.5 nm
  99.1 ± 3.3 nm
162.7 ± 1.9 nm
200.8 ± 6.5 nm
278.7 ± 9.5 nm
          -
123.3 ± 4.6 nm
165.5 ± 12.9 nm
245.2 ± 3.5 nm

Table 1. List of detected cyclic oligolactates in CPL and 
synthesized oligolactates

Molecular 
weight

144
216

288

360

432

504

576

648

720
792
864
Total (%)

Adduction

-NH4
+

-H+

-NH4
+

-Na+

-K+

-H+

-NH4
+

-Na+

-K+

-NH4
+

-Na+

-K+

-H+

-Na+

-K+

-H+

-Na+

-K+

-H+

-Na+

-K+

-Na+

-K+

-Na+

-Na+

-Na+

Degree of 
polymerization 

  2
  3

  4

  5

  6

  7

  8

  9

10
11
12

*[cyclic oligolactates]/[linear and cyclic oligolactates] × 100. CPL: brand 
name of commercial oligolactates.

Synthesized 
oligolactates

1.84
2.48
0.56
0.95
3.00
0.19
0.24
1.04
1.64
0.07
1.09
0.06
5.23
2.93
1.16
0.07

-
-

0.19
-
-
-
-
-
-
-

22.75

CPL

-
-
-
-
-
-
-
-
-

0.45
-
-

1.77
1.52
1.42
0.18
1.85
0.70

-
3.02
1.01
2.05
0.59
0.97
0.62
0.40
16.57

Area percentage of 
cyclic oligolactates*
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of 55.2 ± 14.1% over a size of 20 μm were generated. 
Figure 3 shows the transmission electron micrographs of 
the typical CPL nanoparticles (hydrodynamic diameter: 
117.5 nm). Transmission electron microscopy images 
confirmed spherical nanoparticles in the size range of 1.7 
nm to 66.4 nm (number mean size 25.6 nm).

3.3. Evaluation of tumor growth inhibition

The oligo(L-lactate) nanoparticles were evaluated for 
their growth inhibition by the WST assay at various 
concentrations. The nanoparticles used in this study were 
well-dispersed at the size of 126.3 nm (polydispersity 
index: 0.129) and ζ-potential of -4.64 mV for CPL, and 
149.4 nm (polydispersity index: 0.181) and ζ-potential 
of -16.78 mV for the synthesized oligolactates in a 
D-MEM culture medium without aggregates (Figures 
4a and 4b). The results of the inhibitory effect on the in 
vitro growth of B16-BL6 melanoma cells are shown in 
Figure 4c. The synthesized oligo(L-lactate) nanoparticles 
significantly induced growth inhibition at a concentration 
of 5 mg/mL with an IC50 of 9.7 mg/mL. On the other 
hand, CPL nanoparticles showed no growth inhibition at 
concentrations up to 10 mg/mL.

4. Discussion

To fabricate oligo(L-lactate) nanoparticles, we employed 
an o/w emulsion solvent evaporation method. We used 
the detergent (D) phase emulsification technique using a 
polyol-surfactants solution as continuous phase (22) to 
produce fine emulsions, which involves the formation 

of an oil-in-surfactant gel emulsion by dispersing oil 
in the surfactant solution. Consequently, we obtained 
nanoparticles of around 100 nm in hydrodynamic 
diameter from DLS analysis. 
	 For the D phase emulsification method, a ternary 
system composed of water, polyol, and surfactant 
was used as the continuous phase. The role of polyol 
in this method is as follows: 1) the enhancement of 
the interaction between water and surfactant and the 
effective attachment of surfactant on oil droplets, and 2) 
the suppression of the liquid crystalline formation of a 
surfactant such as a hexagonal liquid crystal and increase 
in the region of the detergent phase (22). In the case of 
the ternary system of water, propylene glycol, and PVA 
used in this study, the effective attachment of PVA on oil 
droplets is indicated by the result that the influence of the 
PVA concentration on the size of the obtained particles 
was less sensitive than that of the propylene glycol 
concentration. On the other hand, the mechanism of the 
suppression of liquid crystalline formation in the D phase 
emulsification method may not be applied to the ternary 
system of water, propylene glycol, and PVA. However, 
the association between PVA is suppressed by propylene 
glycol. PVA has intermolecular hydrogen bonding, 
which leads to reduced efficiency as an emulsifier, 
especially at high concentrations. Polyols are used as 
plasticizers in PVA (23). It is known that hydrogen bonds 
between plasticizer and PVA chains are formed. It has 
been reported that the intermolecular interactions in 
the PVA solutions were notably reduced by propylene 
glycol because of its hydrogen bond breaking effects 
(24). This indicates that PVA in propylene glycol can 
effectively act as a monomeric emulsifier. This can 
account for the fact that nanoparticles were obtained 
by the addition of propylene glycol concentrations. 

Figure 2. Effect of the continuous phase composition on the 
hydrodynamic diameter of nanoparticles. a) Effect of PVA 
concentration in 60% propylene glycol solution, b) Effect of propylene 
glycol concentration in 10% PVA solution. Data are represented as 
mean ± S.D. (n = 3 batches)

Figure 3. Transmission electron micrographs of the typical CPL 
nanoparticles. The nanoparticles were fabricated using 15% PVA-
60% propylene glycol as a continuous phase.
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It has been reported that the hydrogen bond breaking 
effects of propylene glycol on PVA became dominant 
between 20 and 30 wt% in a PVA/propylene glycol film 
(23). Moreover, propylene glycol bonded to PVA may 
increase its affinity to the surface of oil droplets due to its 
hydrophobicity. This hypothesis explains why glycerol 
did not provide nanoparticles. The effective attachment 
of PVA on the surface of the oil phase by the inhibition 
of intermolecular interactions and the hydrophobicity of 
propylene glycol and butylene glycol contributed to the 
production of nanoparticles. 
	 The data from the WST assay demonstrated that the 
synthesized oligolactates could inhibit the growth of 
B16-BL6 cells when administered as the nanoparticles. 
On the other hand, CPL did not show growth inhibition 
up to 10 mg/mL. CPL and synthesized oligolactates can 
be degraded to produce lactic acid by hydrolysis and may 
show cytotoxic effect by the acidification of a medium; 
however, the nanoparticle-dispersed D-MEM medium 
was confirmed to remain at a low pH of 6.9 (initial pH 
7.4) after incubation at 37°C for 2 days. Hence, the growth 

inhibition is not due to the acidification of the medium. 
The synthesized oligolactates contain lower molecular 
weight components than CPL, based on MALDI-TOF-
MS analysis, although cyclic oligolactates were also 
detected in both CPL and the synthesized oligolactates, 
indicating that the observed growth inhibition can 
attribute to the lower molecular weight components. It 
is difficult to identify the ratio of the lower molecular 
weight cyclic structure in the synthesized oligolactates 
and CPL from MALDI-TOF-MS analysis because 
the detection sensitivity of MALDI-TOF-MS may 
be different between linear and cyclic oligolactates 
and between molecular weights. However, it could be 
supposed that the synthesized oligolactates have higher 
contents of growth inhibition components than CPL. The 
growth inhibition activity of the synthesized oligo(L-
lactate) nanoparticles was weak in comparison with that 
of doxorubicin, which showed approximately 9.5% at a 
concentration of 10 μg/mL in the relative percentage of 
cells in treated versus non-treated groups. Considering 
this weak activity of oligolactates, the active fraction and, 

Figure 4. In vitro growth inhibition of B16-BL6 melanoma cells by CPL/synthesized oligo(L-lactate) nanoparticles. The graphs show the size 
distribution of a) CPL-nanoparticles and b) synthesized oligo(L-lactate) nanoparticles applied to in vitro growth inhibitory study. c) The graph shows 
in vitro dose inhibitory curve of CPL/synthesized oligo(L-lactate) nanoparticles to B16-BL6 melanoma cells. B16-BL6 melanoma cells were grown 
in 96-well microplates in a complete medium (10% FBS D-MEM, pH 7.4). Nanoparticles of various concentrations were added to each well and the 
cells were incubated for 48 h. Data are represented as mean ± S.D. (n = 7) of the relative B16-BL6 melanoma cells, percentages of treated group (▲: 
CPL nanoparticles, ●: synthesized oligo(L-lactate) nanoparticles) to non-treated group. * and ** represent significant differences between non- and 
nanoparticle-treated group at p < 0.05 and p < 0.025, respectively.
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furthermore the active substance, should be separated 
from the mixtures to improve the tumor inhibitory effect. 
	 It seems difficult for oligolactate molecule to pass 
through cell membrane by diffusion as a solute. The 
growth inhibition activity of the nanodispersion may 
be related to the cellular uptake of the nanoparticles by 
endocytosis, which is mainly determined by particle 
size and surface properties. For the size, it is reported 
that relative to internalized 50 nm beads, the uptake of 
the 100 nm beads was diminished by approximately 
3-4-fold, whereas the internalization of the 200 and 
500 nm beads was reduced by approximately 8-10 
times in non-phagocytic B16 cells (25). In the present 
study, we obtained nanoparticles of around 150 nm in 
hydrodynamic diameter, although the median volume 
and number size from DLS were calculated to be 68.6 
nm and 52.8 nm for the synthesized oligo(L-lactate) 
nanoparticles, respectively (data not shown). This 
suggests that further downsizing in hydrodynamic 
diameter may be effective to enhance the tumor growth 
inhibitory effect of oligo(L-lactate) nanoparticles. For 
the surface properties, endocytosis is also influenced by 
the particle's charge besides the size. In this study, we 
used negatively charged nanoparticles without surface 
modification. In general, positively charged particles 
show better interaction with the cellular membrane 
and internalization properties than negatively charged 
particles because the cellular membrane possesses 
negative charge. Therefore, we should investigate the 
fabrication of oligo(L-lactate) nanoparticles with surface 
charge modification further to improve their affinity to 
cells.
	 There are two more limitations on this study. One 
is that the long-term in vitro effects of oligolactates on 
tumor cell growth remains to be investigated. CPL was 
found to induce morphological changes of tumor cells 
during long-term administration in vivo (2). Another is 
that energy metabolism in tumor cells was not evaluated 
in this study. Tumor growth inhibition is related to 
energy metabolism and the suppression of anaerobic 
glycolysis by oligolactates and thereby mitochondrial 
proliferation are indicated. Thus, further investigation is 
needed to clarify the relationship between tumor growth 
inhibition and energy metabolism changes over time 
during incubation with oligolactates in vitro. 
	 In conclusion, we developed a new method to 
produce oligo(L-lactate) nanoparticles of around 100 
nm hydrodynamic diameter through o/w emulsion 
solvent evaporation using PVA-polyol aqueous solution 
as a continuous phase. Moreover, it was demonstrated 
that tumor growth is inhibited by the synthesized 
oligo(L-lactate) nanoparticles in an in vitro study using 
B16-BL6 melanoma cells. Thus, it was suggested that 
the nanoparticle is useful for an in vitro assay of effects 
of oligolactates and in development of various dosage 
forms for their clinical use, which may also help in 
developing oligolactates and their derivatives as a new 

type of antitumor agent in the future.
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5-Aminolevulinic acid combined with sodium ferrous ameliorated 
liver injury in a murine acute graft-versus-host disease model by 
reducing inflammation responses through PGC-1α activation
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Acute graft-versus-host disease (aGvHD) remains lethal as a life-threatening complication after 
allogeneic hematopoietic stem cell transplantation (HSCT). Inflammatory responses play an important 
role in aGvHD. 5-Aminolevulinic acid combined with sodium ferrous citrate (5-ALA/SFC) has been 
widely reported to have a major effect on the anti-inflammatory response; however, these effects in 
aGvHD models have never been reported. In this study, a murine aGvHD model was developed by 
transferring spleen cells from donor B6/N (H-2kb) mice into recipient B6D2F1 (H-2kb/d) mice. In 
addition to evaluating manifestations in aGvHD mice, we analyzed the serum ALT/AST levels, liver 
pathological changes, infiltrating cells and mRNA expression of inflammation-related cytokines and 
chemokines. 5-ALA/SFC treatment significantly ameliorated liver injury due to aGvHD and decreased 
the population of liver-infiltrating T cells, resulting in a reduced expression of pro-inflammatory 
cytokines and chemokines. Furthermore, the mRNA expression proliferator-activated receptor-γ 
coactivator (PGC-1α) was enhanced, which might explain why 5-ALA/SFC treatment downregulates 
inflammatory signaling pathways. Our results indicated that 5-ALA/SFC can ameliorate liver injury 
induced by aGvHD through the activation of PGC-1α and modulation of the liver mRNA expression of 
inflammatory-related cytokines and chemokines. This may be a novel strategy for treating this disease.

1. Introduction

Allogeneic hematopoietic stem cell transplantation 
(HSCT) is the most efficient treatment for many 
hematologica l  mal ignancies  and for  pr imary 
immunodeficiencies (1,2). However, transplants also 
contain mature T cells, which can induce acute graft-
versus-host disease (aGvHD), a life-threatening 
complication of allogeneic HSCT (3).
	 The immune response causes activated donor T 
cells to gain a cytolytic capacity and attack recipient 
tissue in order to eliminate foreign antigen-bearing 
cells. These donor T cells infiltrate target organs where 
the inflammatory response plays a very important role, 
including the skin, liver, lung and gastrointestinal tract, 

and ultimately induce end-organ tissue damage (4,5). 
Therefore, the major goals of HSCT are to modulate 
alloreactivity by donor allogeneic T cells without causing 
GvHD and to preserve the graft-versus-leukemia and 
graft-versus-infection effects.
	 Several strategies are being reported to treat aGVHD, 
and current therapies include the administration of 
extracellular mediators and receptors, regulation of 
intracellular signaling pathways, and regulation of 
translation and transcription (6). The successful reduction 
in inflammatory responses is a major strategy for dealing 
with aGvHD.
	 5-Aminolevulinic acid (5-ALA) is a precursor of 
heme found in plants, bacteria, fungi, and animals (7). 
It is an endogenous amino acid in animals and the first 
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compound produced by 5-ALA synthase in the heme 
biosynthetic pathway. Growing evidence supports the 
notion that 5-ALA combined with sodium ferrous citrate 
(5-ALA/SFC) exerts antioxidant, anti-inflammatory 
and anti-fibrotic properties (8-11). In addition, 5-ALA/
SFC has been used to treat a variety of animal models, 
including inflammatory disease, transplantation, 
autoimmune disease and sclerodermatous issues 
induced by chronic GvHD, which may explain its anti-
inflammatory, immunoregulation and cytoprotective 
properties exerted via the upregulation of heme 
oxygenase (HO)-1 expression and release of heme 
metabolites (12,13).
	 In the present study, we investigated the effects 
of 5-ALA/SFC treatment modulating inflammatory 
responses and liver injury in aGvHD mice. Evidence 
supporting the anti-inflammatory, immunoregulation and 
cytoprotective properties of 5-ALA/SFC was obtained, 
and possible mechanisms underlying these effects were 
confirmed. Such evidence included direct amelioration of 
liver injury, reduction in liver-infiltrating T lymphocytes 
and modulation of the liver mRNA expression of 
inflammatory-related cytokines and chemokines. 
Furthermore, 5-ALA/SFC treatment also enhanced the 
proliferator-activated receptor-γ coactivator (PGC-1α) 
expression in liver tissue, potentially explaining the 
downregulation of the inflammatory signaling pathways 
in the aGvHD model treated with 5-ALA/SFC.

2. Materials and Methods

2.1. Mice

Male 7- to 8-week-old C57BL/6NJcl × DBA/2NJcl 
(B6D2F1, H-2kb/d) and 8- to 12-week-old C57BL/6NJcl 
(B6/J, H-2kb) mice were purchased from CLEA Japan, 
Inc. (Tokyo, Japan). Mice were maintained on a 12-h 
light‐dark cycle and given free access to food and water 
except during the period of caloric restriction for the pair‐
feeding group. All animal manipulations were performed 
according to the recommendations of the Committee on 
the Care and Use of Laboratory Animals at the National 
Research Institute for Child Health and Development in 
Tokyo, Japan (Permission number: A2009-010-C11).

2.2. Experimental procedure for the aGvHD model and 
grouping

Spleens were aseptically harvested from B6/J mice 
separately, and the tissue was dissociated by rubbing to 
generate a single-cell suspension. Red blood cells were 
lysed using 10× phosphate-buffered saline (PBS) and 
pure water, viable cells were counted by trypan blue dye 
exclusion on a hemocytometer, and individual cells were 
resuspended in RPMI 1640 (Gibco BRL, Grand Island, 
NY). aGvHD was induced by the intravenous injection 
of 1 × 108 B6/J donor splenocytes into unirradiated 

B6D2F1 recipients.
	 The mice were pair-fed, and body weight was 
monitored weekly. At the indicated time point on days 
7 and 14, mice were sacrificed, and the serum, liver and 
spleen tissue were collected for the measurement of 
serum enzymes alanine transaminase (ALT) and aspartate 
transaminase (AST) levels, counting of liver-infiltrating 
cells and mRNA expression analyses.
	 Mice were randomly assigned to two groups: those 
receiving 5-ALA hydrochloride (100 mg/kg; neo ALA 
Co. Ltd, Tokyo, Japan) and SFC (157 mg/kg) (Komatsuya 
Corporation, Osaka, Japan) daily from days 0 to 7 or 14 
as the 5-ALA/SFC-group, those receiving distilled water 
as the control group.

2.3. Histopathological analyses

For the histopathological examination, liver samples 
were collected after the animals were sacrificed by 
anesthesia and fixed in 10% formaldehyde, then 
embedded in paraffin. Sections of 4 μm were processed 
and stained with hematoxylin-eosin (HE; MUTO PURE 
CHEMICALS, Osaka, Japan) according to a previously 
described method (14). A light microscopic analysis 
was performed to assess the overall cellularity and liver 
damage using a digital camera (BX51, OLYMPUS, 
Tokyo, Japan). To facilitate a semiquantitative 
assessment of aGVHD, grading of aGVHD was confined 
to analysis of the liver. The histological assessment was 
performed according to the scoring system with slight 
modification (15). Inflammatory cell infiltrates in the 
portal tract and around the central veins were graded on 
a scale of 1 to 5 as follows: Grade 1, normal or minimal 
perivascular cuffing; Grade 2, perivascular cuffing, 1-2 
cells in thickness, involving up to 10% of vessels; Grade 
3, perivascular cuffing, 1-4 cells in thickness, involving 
10-30% of vessels; Grade 4, perivascular cuffing, 3-6 
cells in thickness, involving 30-50% of vessels; Grade 
5, perivascular cuffing, ≥7 cells in thickness, involving 
> 50% of vessels. Scoring was performed in a blinded 
manner.

2.4. Liver enzyme measurements

Serum levels of ALT and AST are commonly used as 
biochemical indicators of liver injury. Blood samples 
were obtained to evaluate serum ALT and AST levels 
using commercially available kits (Fujifilm, Tokyo, 
Japan) measured by an automatic biochemical analyzer 
(DRI-CHEM 3500i; Fujifilm) according to the 
manufacturer's protocol.

2.5. Isolation of nonparenchymal cells (NPCs) from the 
liver

Mice were chosen randomly from each group on day 
7 and 14 after the lymphocyte injection. The liver was 
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GraphPad Prism software program (version 7.0, 
GraphPad Software, San Diego, CA). A one-tailed 
unpaired Student's t-test were used to compare two 
groups, and a one-tailed Wilcoxon's matched-pairs 
signed rank test was used to compare two groups. In 
cases with a normal distribution, a one-way analysis of 
variance (ANOVA) with Tukey's multiple comparisons 
test was used to compare multiple groups, while in cases 
with a non-normal distribution, a one-way ANOVA with 
Dunn's multiple comparisons test was used to compare 
multiple groups. P values of < 0.05 were considered to 
indicate statistical significance.

3. Results

3.1. 5-ALA/SFC treatment ameliorated liver injury in 
aGvHD

To investigate the therapeutic effect of 5-ALA/SFC 
on liver injury, we used a mouse model of aGvHD, 
established by transferring 1 × 108 spleen cells from 
donor B6/J (H-2kb) mice into recipient B6D2F1 (H-2kb/d) 
mice, and recipient mice were treated with a combination 
of 5-ALA and SFC orally administered at 100 mg/kg 
and 157 mg/kg daily, respectively. In the aGvHD control 
group, the mouse weight loss was obvious. However, in 
the 5-ALA/SFC treatment group, the weight decreased 
significantly more slowly (Figure 1A). In addition, we 
also examined the serum levels of ALT and AST at the 
baseline before treatment as well as on days 7 and 14 
in aGvHD mice. As shown as in Figure 1B, compared 
with the control group on day 14, the serum ALT and 
AST levels of the mice in the 5-ALA/SFC-treated group 
were significantly decreased. Furthermore, pathological 
changes in the liver were observed by light microscopy 
after HE staining. The histology of the representative 
liver specimen of aGvHD mice was observed after HE 
staining on days 7 and 14. The samples showed lymphoid 
cell infiltration, and the histology score was determined. 
5-ALA/SFC treatment prevents pathological changes 
in the liver, and improvements in the liver samples of 
the 5-ALA/SFC treatment group were observed in all 
samples (Figure 1C).

3.2. 5-ALA/SFC treatment decreased the liver-infiltrating 
T cells on day 14 in aGvHD

In order to understand how 5-ALA/SFC treatment 
modulates the cellular response in aGvHD, we 
performed a multicolor FCM analysis on 5-ALA/SFC-
treated mice on days 7 and 14 after the spleen cells had 
been transplanted. As shown as in Figure 2, we found 
that, compared with naïve mice, the populations of liver-
infiltrating cells and spleen cells were increased on days 
7 and 14 in the aGvHD model mice, indicating that liver 
and spleen inflammation was induced after donor cell 
transplantation. In addition, the total number of CD3+ T 

mashed and passed through a 70-μm nylon cell strainer 
on ice; then, the tissue liquid was centrifugated at 4°C 
for 1 min at 60 g, and the supernatant was collected 
for washing twice with PBS. NPCs were purified by 
centrifugation at room temperature for 25 mins over a 
40% discontinuous Percoll gradient (Sigma-Aldrich, St. 
Louis, MO). The NPCs were then suspended in PBS for 
flow cytometry (FCM) and RLT buffer for a quantitative 
real-time polymerase chain reaction (PCR) analysis.

2.6. Flow Cytometer (FCM) analysis

NPCs and splenocytes were incubated with directly 
labeled antibodies for 30 mins, washed with PBS and 
fixed in 1% paraformaldehyde. Immune cell composition 
was determined via FCM. Liver NPCs and splenocytes 
were then treated with purified anti-mouse CD16/32 
(BioLegend, San Diego, CA) and stained with a defined 
panel containing Live/Dead stain (L34957; Thermo 
Fisher Scientific, Waltham, MA) to mark the living and 
dead cells. In addition, liver NPCs in all panels were 
stained with anti-CD45 (30-F11; BioLegend) to gate 
the white blood cells (WBCs). NPCs and splenocytes 
then were stained with anti-CD3 (145-2C11), anti-CD4 
(GK1.5), anti-CD8 (53-6.7), anti-NKp46 (29A1.4), anti-
CD11b (M1-70), anti-CD11c (N418), anti-B220 (RA3-
6B2), anti-Ly6G (1A8), anti-Ly6C (HK1.4), anti-IA/
IE (M5/114.15.2), anti-CD40 (3/23), anti-CD80 (16-
10A1) and anti-CD86 (GL-1) mAbs conjugated with 
a particular fluorochrome, and corresponding isotype 
controls were used (BioLegend). The analysis of stained 
cells was performed with a BD FACS LSR Fortessa, 
Franklin Lakes, NJ), and analyzed by the FlowJo 
software program (Version 10.5.0; BD Biosciences).

2.7. RNA preparation and quantitative real-time PCR

To measure the inflammation and cytokine gene 
expression in liver tissue, total RNAs of liver were 
isolated with the Trizol reagent (Invitrogen, Carlsbad, 
CA). A total of 800 ng of each RNA sample was reverse-
transcribed to cDNA using oligo (dT) primers and Super 
Script reverse transcriptase (Invitrogen). The target-
specific primers and probes listed in Table 1 were 
designed based on the reported cDNA sequences and 
synthesized by Biosearch Technologies (Novato, CA). 
Four-step PCR was performed for 45 cycles. Quantitative 
real-time PCR was performed using the TaqMan and 
SYBR® Green-based system with an Applied Biosystem 
PRISM7700 (Thermo Fisher Scientific). 18s was used as 
the housekeeping gene. The final result was analyzed by 
the 2-ΔΔCt method.

2.8. Statistical analysis

The results were expressed as the mean ± standard 
deviation (SD). All data were analyzed using the 
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cells was significantly increased on day 14, that of CD4+ 
T cells was increased on day 7, and that of CD8+ T cells 
was increased on day 14 (data not shown), indicating that 
CD4+ and CD8+ T cells play important roles in different 
phases of aGvHD.
	 Regarding the effect of 5-ALA/SFC treatment, we 
found that, compared with the control group, the T cell 
percentage among the liver-infiltrating CD45+ cells 
was reduced in the 5-ALA/SFC treatment group. In 
addition, we detected other immune cells in the liver 
and spleen after splenocyte transplantation into recipient 
mice. As shown in Supplementary Figure S1A (http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=68), compared with the data on day 7 the 
percentages of NK cells, NKT cells, neutrophils, 
monocytes, macrophages and dendritic cells among the 
liver-infiltrating cells were reduced on day 14, although 
there were no significant differences between the control 
and 5-ALA/SFC-treated groups, indicating that T cells 
are the main cells involved in aGvHD, and after 5-ALA/
SFC treatment, the population of liver-infiltrating T 
cells is significantly decreased, with improvements in 
liver inflammation noted. Furthermore, we found that 
the populations of T cells, neutrophils, monocytes and 
macrophages were increased in the spleens of recipient 
mice, demonstrating spleen injury in aGvHD mice 
(Supplementary Figure S1B, http://www.ddtjournal.com/
action/getSupplementalData.php?ID=68).

3.3. 5-ALA/SFC treatment upregulated the PGC-1α 
expression in the liver tissue of aGvHD mice

Next, we wanted to determine the possible mechanism 
by which 5-ALA/SFC modulates the inflammatory 
response. PGC-1α regulates the molecular pathway 
linking oxidative stress and mitochondrial metabolism 
with the inflammatory response and metabolic syndrome 
(16). We therefore explored the expression of PGC-1α, 
which exerts a protective effect against inflammation in 
the liver tissue (17-19), as one potential cause of these 
phenomena.
	 As shown in Figure 3, we found that the mRNA 
expression of PGC-1α was significantly higher in 5-ALA/
SFC-treated mice than in control mice. In addition, 
5-ALA/SFC treatment enhanced the expression of 
mRNA from HO-1 and nuclear factor erythroid 2-related 
factor 2 (Nrf-2), which activate the transcription factor 
Sirtuin-1 (Sirt-1) to promote mitochondrial fusion and 
biogenesis, partly through an increase in the mRNA 
expression of PGC-1α. Thus, these data indicated that the 
activation of PGC-1α by 5-ALA/SFC through enhanced 
HO-1, Nrf-2, and Sirt-1 expression resulted in the 
improved modulation of the inflammatory response.

3.4. 5-ALA/SFC treatment decreased the mRNA 
expression of inflammation-related genes in the liver 
tissue of aGvHD mice
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Figure 1. 5-ALA/SFC treatment ameliorated liver injury in aGvHD mice. A. The weight loss of the control group was markedly reduced during 
aGvHD, and in the 5-ALA/SFC-treated group, the weight reduced more slowly. Data were analyzed and presented as the mean ± SEM; ****p < 0.0001 
compared with the control group. B. Serum ALT and AST levels were measured. Compared with the control group, the serum ALT and AST levels 
in the 5-ALA/SFC-treated group were significantly decreased. Data were analyzed and presented as the means ± SD; *p < 0.05, ****p < 0.0001. C. 
The representative histological changes of the liver were observed on days 7 and 14 from aGvHD mice after HE staining, revealing inflammatory 
cell infiltration, which had improved in the liver samples from the 5-ALA/SFC treatment groups. Based on HE staining, the histology score was 
determined. 5-ALA/SFC treatment prevents pathological changes in the liver. Values are shown as the means ± SD; ****p < 0.0001.

Figure 3. 5-ALA/SFC treatment increased the mRNA expression 
of PGC-1α in aGvHD mice. Liver tissue was collected on day 14, 
and the mRNA expression of PGC-1α, HO-1, Nrf-2 and Sirt-1 was 
analyzed by qRT-PCR, as described in the Materials and Methods. 
Compared with the control group, the mRNA levels were significantly 
different in the liver tissues of the 5-ALA/SFC group. Values are 
shown as the means ± SD; ***p < 0.001.

Figure 2. 5-ALA/SFC treatment alleviated the activation of liver-
infiltrating T cells in aGvHD mice. Compared with the naïve group, 
the number of isolated liver NPCs on days 7 and 14 was increased in 
the aGvHD groups. Among the total lymphocytes, representative data 
showed that gated T cells were decreased in the 5-ALA/SFC-treated 
group. Percentages represent the means ± SD; *p < 0.05, **p < 0.01, ***p 
< 0.001, ****p < 0.0001.
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In order to analyze how 5-ALA/SFC ameliorated liver 
injury, we conducted quantitative real-time PCR for 
several kinds of inflammatory cytokines and chemokines 
in liver tissue that are known to be major contributors to 
the development of aGvHD and lead to liver injury. As 
shown as in Figure 4, the expression of TNF-α, IFN-γ, 
IL-1β, CC chemokine ligands 2 and 3 (CCL-2 and CCL-
3, respectively) and NF-κB was increased in aGvHD 
mice, but 5-ALA/SFC treatment significantly reduced 
the expression of these genes. In addition, we found that 
5-ALA/SFC treatment enhanced the mRNA expression 
of CC chemokine receptor 2 (CCR-2), which controls 
leukocyte migration during inflammatory processes 
and has dual pro- and anti-inflammatory actions. 
Furthermore, we found that, compared with control 
mice, the expression of heparan sulfate 6-O-endosulfatase 
(Sulf)-2, an extracellular sulfatase that acts on heparan 
sulfate proteoglycans and modulates multiple signaling 
pathways (20) was decreased after 5-ALA/SFC 
treatment.

4. Discussion

aGvHD was briefly induced by donor T cells attacking 
recipient tissue contained in the transplant. Based on 
previous experimental models, the development of 
aGvHD involves three stage: first, activation of antigen-
presenting cells (APCs); then, donor T cell activation, 
proliferation, differentiation and migration; finally, target 
tissue destruction (21,22). Therefore, in addition to 
end-organ damage, aGvHD also results in the immune 
response of T-cell activation and expansion. Thus far, 
several strategies for combatting aGvHD have been 
proposed, include targeting mediators of cytokine storm, 
such as TNF-α and IL-1/IL-1β, with antagonists (23), as 
well as reducing the intensity of conditioning regimens 

to avoid causing excessive inflammation (22).
	 In the present study, we transferred B6/J splenocytes 
into recipient B6D2F1 mice to develop an aGvHD model 
and investigated the therapeutic effect of 5-ALA/SFC on 
this disease. During the development of this model, on 
days 7 and 14, the mice showed liver and spleen injury 
in addition to weight reduction. After treatment with a 
5-ALA/SFC, however, an assessment of the serum and 
pathological features indicated that the liver damage had 
been ameliorated (Figure 1).
	 Many reports in addition to our own have shown that 
5-ALA/SFC has an anti-inflammatory effect in different 
kinds of diseases (24-33). Liver injury is a major end-
organ damage that occurs in aGvHD, wherein the 
inflammatory response dominates the disease phase (21). 
However, while there are already many strategies for 
dealing with this kind of disease, previous approaches 
have had a rather broad spectrum and often affect the 
overall immune system reconstruction (34). Few reports 
have described the inhibitory effect of 5-ALA/SFC on 
aGvHD, especially in liver injury. Therefore, in the 
present study, we administered 5-ALA/SFC to a murine 
aGvHD model to determine whether or not it had a 
protective effect against liver damage.
	 Regarding immune cells of the liver and spleen, 
recent studies have reported that donor T cells occupy a 
central role in mediating aGvHD. In our study, on day 14, 
although the total cells isolated from the liver were fewer 
than had been noted on day 7, the population of liver-
infiltrating T cells, specially CD8+ T cells, was increased, 
indicating that T cells play a central role in aGvHD. This 
population was significantly decreased following 5-ALA/
SFC treatment, and a decrease was also noted in spleen 
cells compared with the control mice (Figure 2). This 
finding may explain the reduced weight, reduced serum 
level and pathological features of liver damage, although 

Figure 4. 5-ALA/SFC treatment decreased the mRNA expression of inflammatory-related genes in aGvHD mice. Liver were collected on 
day 14, and the mRNA expression of IFN-γ, TNF-α, IL-1β, CCL-2, CCL-3, CCR-2, Sulf-2 and NF-κB was analyzed by RT-PCR, as described in 
the Materials and Methods. Compared with the control group, the mRNA levels were significantly different in the liver tissues of the 5-ALA/SFC 
group. Values are shown as the means ± SD; *p < 0.05, **p < 0.01.
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there were no significant differences in other immune 
cells, including NK cells, NKT cells, macrophages and 
dendritic cells, in the liver and spleen. However, the 
numbers of neutrophils and monocytes were significantly 
increased in the spleen following 5-ALA/SFC treatment 
(Supplementary Figure S1, http://www.ddtjournal.com/
action/getSupplementalData.php?ID=68). These results 
indicate that 5-ALA/SFC treatment mainly targets T 
cells, which are primarily involved in aGvHD, resulted in 
the amelioration of liver inflammation and improvement 
in its function.
	 PGC-1α plays a beneficial role in the regulation of 
hepatic steatosis and insulin resistance by enhancing 
the IL-10-mediated anti‐inflammatory response (35,36). 
In addition, inflammation can be regulated through 
changes in cellular reactive oxygen species induced 
by PGC-1α (37). Future studies should endeavor to 
identify the molecular mechanisms involved in the 
PGC-1α-mediated downregulation of inflammatory 
signaling pathways. Regarding the possible protective 
mechanism of 5-ALA/SFC against liver injury in the 
aGvHD model, we hypothesized that the activation of 
PGC-1α signaling might be intimately involved. We 
demonstrated that the mRNA expression of PGC-1α 
was significantly increased in the 5-ALA/SFC treatment 
group compared with the control group, which might 
be sufficient to enhance the mitochondrial function and 
ameliorate hepatic inflammatory cell infiltration (Figure 
3). Therefore, we proposed that PGC-1α might played 
a vital role in our aGvHD mouse model by mediating 
the inflammatory response and reducing oxidative 
damage. In addition to an increased expression of PGC-
1α, 5-ALA/SFC treatment also resulted in an increased 
mRNA expression of HO-1, Nrf-2 and Sirt-1, suggesting 
that the upregulation of PGC-1α might be achieved via 
the Nrf-2, HO-1 and Sirt-1 pathway, which enhances the 
mitochondrial function in vitro (38,39). Of note, Sirt-
1 can deacetylate downstream targets, such as NF-κB, 
which is a key transcriptional factor in pro-inflammation 
responses (Figure 3) (40). Our data showed that with the 
expression of Sirt-1 and PGC-1α was increased while 
that of NF-κB was reduced (Figure 4). HO-1's oxidative 
stress-protective effects are strongly associated with 
Sirt-1 upregulation. The increases in both Sirt-1 and 
HO-1 found in this study point to the existence of a 
common mechanism mediating the anti-inflammatory, 
anti-proliferative and cytoprotective effects, all of 
which result from oxidative stress induced by both Sirt-
1 and HO-1 (41). Taken together, our data show that 
5-ALA/SFC treatment significantly increased the PGC-
1α expression in liver tissue, highlighting a possible 
mechanism underlying the protective effect of 5-ALA/
SFC.
	 Because inflammatory cytokines and chemokines 
are well-known inducers of leukocyte trafficking 
and activation and contribute to the pathogenesis of 
aGvHD (2), we detected the mRNA expression of 

related cytokines and chemokines in the liver. We found 
that 5-ALA/SFC treatment significantly reduced the 
expression of IFN-γ, TNF-α, IL-1β, CCL-2 and CCL-3 
while increasing the CCR-2 expression (Figure 4). CCR-
2 and its main ligand, CCL-2, are a chemokine receptor-
ligand pair that controls leukocyte migration during 
inflammatory processes (42). It is important to note that 
CCR-2 has both pro- and anti-inflammatory actions. 
The proinflammatory role of CCR-2 is dependent on 
APCs and T cells, whereas the anti-inflammatory role is 
dependent on its expression in regulatory T cells (43). 
In our study, the enhancement of CCR-2 was attributed 
to an anti-inflammatory function, resulting in the 
inhibition of the release of cytokines, such as TNF-α, 
INF-γ and IL-1β (Figure 4). However, in the present 
study, we found that, compared with control mice, the 
expression of Sulf-2 was reduced after 5-ALA/SFC 
treatment (Figure 4). This result suggested that Sulf-
2 would offer considerable advantages as a therapeutic 
target, playing a protective role against epithelial injury 
and inflammation of the liver in aGvHD (44). Taken 
together, these results were consistent with the findings 
of an increased expression of PGC-1α and the liver 
pathologic features, indicating that 5-ALA/SFC can 
modulate the inflammatory response via the HO-1, Nrf-
2, Sirt-1 and PGC-1α pathways.
	 In conclusion, our data showed that 5-ALA/SFC 
was effective for treating liver injury by modulating 
the inflammatory response in aGvHD mice. The 
mechanistically therapeutic effect of 5-ALA/SFC may 
rely on PGC-1α activation and reducing the liver mRNA 
expression of inflammatory-related cytokines and 
chemokines. Our research may offer a novel therapeutic 
option for aGvHD, and these data may encourage 
future studies of this promising therapeutic agent for the 
treatment of aGvHD.
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Dengue, clinical presentation, mortality, India, retrospective

The clinical profile and risk factors for mortality in dengue fever have evolved over the years. 
The all-cause mortality in admitted dengue patients is around 6%. We aimed to evaluate the recent 
change in trends of the clinical characteristics and risk factors for in-hospital mortality in adults 
with dengue fever. This is a retrospective study on adults with confirmed dengue fever admitted in 
a medical unit of a tertiary care center in North India. Medical records of confirmed dengue fever 
patients admitted between January 2011, and December 2016 were reviewed. Chi-squared tests 
with Bonferroni correction for multiple testing were used to identify risk factors for mortality. 232 
records were included, of which 66.8% were males. The mean age was 31.6 ± 14 years. There were 
17 deaths with an all-cause mortality rate of 7.3% with 76.5% being classified as severe dengue 
at admission. Among the 17 mortality cases, dyspnea (47%), tachypnea (86.7%), leucocytosis 
(58.8%), raised urea (80%), and elevated serum creatinine (52.9%) at presentation were significantly 
associated with mortality (p < 0.001). Shock at any time during the hospital stay (58.8%) was also 
found to be significantly associated with mortality (p < 0.001). We found that dyspnea, tachypnea, 
acute kidney injury, and leucocytosis at presentation was significantly associated with in-hospital 
mortality. Based on our results, we recommend aggressive management of patients with severe 
dengue and those with mild/moderate disease with the above risk factors.

1. Introduction

Dengue fever is rapidly re-emerging as an epidemic in 
the Indian subcontinent and spreading to newer areas 
across the globe (1). It continues to be a significant 
cause of morbidity and mortality, particularly in 
resource-limited settings in the countries of South-
East Asia. A 2018 meta-analysis reported a pooled case 
fatality rate of 2.6% in India (2). The national statistics, 
however, puts the case fatality rate for 2019 to be about 
0.09%. It is a matter of urgent public health priority for 
endemic countries like India (3).
	 Dengue can have a myriad of manifestations 
ranging from being asymptomatic to mild fever to 
having fatal complications. The in-hospital all-cause 
mortality for dengue fever is reported to be 5.9% as a 
result of referral bias (4). It is crucial to identify clinical 

and laboratory features which portend severe illness 
and are risk factors for poor outcomes. In the initial 
research around the risk factors for mortality, bleeding, 
and thrombocytopenia were given much importance 
(5,6). It was later discovered that bleeding is a marker 
for severity and thrombocytopenia did not portend 
poor outcomes. The focus later shifted to systemic and 
other organ involvement. The knowledge of mortality 
risk factors will help in better triage of patients and the 
efficient utilization of limited healthcare resources. The 
available evidence is, however, scarce and difficult to 
interpret.
	 We aimed to perform a retrospective analysis of 
the clinical characteristics of adult patients admitted 
with confirmed dengue fever. We further analyzed 
the admission characteristics that are risk factors for 
mortality in these patients.
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2. Materials and Methods

This is a retrospective observational study on confirmed 
cases of dengue fever in adults. Ethical clearance 
was obtained from the institutional ethics committee. 
Medical records of confirmed cases of dengue fever 
admitted under the medical unit between January 2011 
and December 2016 were reviewed. These records were 
classified under the codes A90 and A91 of the 10th 
Revision of the International Classification of Diseases 
(ICD)-10.
	 Inclusion criteria included admitted patients with 
either a positive Enzyme-Linked Immunosorbent Assay 
(ELISA) based NS-1 antigen test or a positive anti-
dengue IgM antibody capture ELISA (MAC-ELISA) test. 
Any patient aged less than 14 years was excluded from 
the study. The cases were classified as mild, moderate, 
and severe dengue based on the national guidelines for 
the clinical management of dengue fever (3).
	 Mild dengue is fever without complications, signs of 
capillary leak, and organ involvement. Any patient with 
warning signs like recurrent vomiting, abdominal pain, 
lethargy, hepatomegaly, or signs of a capillary leak is 
classified as moderate dengue. Patient with extremes of 
age, pregnancy, diabetes, hypertension, coronary artery 
disease (CAD), hemoglobinopathy, immunosuppression, 
are at high risk and classified as moderate dengue. 
Dengue fever with significant bleeding, severe metabolic 
abnormalities, shock, or multiple organ involvement is 
classified as severe dengue.
	 Data were extracted to a predesigned proforma 
containing demographic details ,  presentation, 
investigations, and outcomes of the patients. This was 
analyzed using Stata 12 software (Stata Corp [2011], 
College Station, TX). Categorical variables are represented 
as frequency (percentage), while continuous variables 
are presented as mean (standard deviation) or median 

(interquartile range). Demographic details, presentation, 
and investigations were categorized into clinically 
meaningful subgroups. These were then analyzed using a 
Chi-square test or Fisher's exact test to identify differences 
based on the outcome of the patient (death vs. survival). 
Significance was considered at an alpha of 0.05 and a 
95% confidence interval. The analysis was subjected to 
a Bonferonni correction to account for multiple tests. 
Following this, the p-value for significance was considered 
at a value < 0.002.

3. Results

3.1. Demographic data and clinical profile at presentation

A total of 232 cases of confirmed dengue fever were 
included in the study after satisfying the inclusion 
criteria. The mean age was 31.6 ± 14 years, and 66.8 
% were males. The demographic details are presented 
in Table 1. The median number of comorbidities in our 
cases was 0 (0, 0) with the maximum being three. 94.4% 
of the patients were from Delhi and the neighboring 
states of Haryana and Uttar Pradesh. The number of 
cases distributed by year is depicted in Figure 1.
	 Of the 232 patients, 42.7% of patients were classified 
as mild, 39.6% of patients were classified as moderate, 
and 17.7% had severe dengue. 47.8% presented between 
the 4th and 6th day of onset of fever (critical phase) with 
the mean duration of illness at a presentation being 5.7 
± 4.8 days. 15.1% of the patients were admitted beyond 
the 6th day of fever (recovery phase).
	 The clinical presentation of the patients is 
depicted in Table 2. Patients presenting with bleeding 
manifestations had a significantly lower platelet count 
at admission (32,000 cells/mm3) when compared to 
those who did not present with bleeding manifestations 
(48,000 cells/mm3). The most common sites of bleeding 
included mucosal bleed (21%) followed by bleeding 
from venipuncture site (21%). Menorrhagia in females 
(16% of females) was a common presenting complaint. 
Severe bleeding in the form of massive hematemesis 
or retroperitoneal hematoma was seen in 3% of the 
patients.
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Table 1. Demographic characteristics of the study 
population.

Characteristics

Age
    14-30 years
    31-45 years
    46-60 years
    > 60 years
Sex
    Male
    Female
Hospital stay
    Less than 5 days
    5-10 days
    > 10 days
Comorbidities
    Hypertension
    Diabetes Mellitus
    Chronic kidney disease
    Chronic liver disease
    Others

 Frequency (%)

138 (59.5)
  57 (24.6)
  26 (11.2)
11 (4.7)

155 (66.8)
  77 (33.2)

113 (48.7)
100 (43.1)
19 (8.2)

12 (5.2)
07 (3.0)
04 (1.7)
02 (0.9)
19 (8.2) Figure 1. Year-wise distribution of cases in the study population (n 

= 232).
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encephalitis) were ruled out in this patient.
	 Twenty-five patients required invasive mechanical 
ventilation during their hospital stay. Respiratory failure 
(defined as a pf ratio < 300) was the indication in 48% of 
the patients.

3.3. Mortality and its risk factors

Seventeen patients died, leading to an all-cause mortality 
rate of 7.3%. Among the mortality cases, 13 were 
classified as severe dengue at admission. 11 out of the 
17 patients did not have any comorbidities. A Mann 
Whitney U test did not show any significant differences 
in the number of comorbidities between the mortality 
and the survival cases. 15 out of the 17 mortality cases 
required invasive mechanical ventilation with eight being 
intubated for respiratory failure.
	 The demographic characteristics, symptoms, and 
laboratory investigations were categorized. Chi-square 
tests and Fisher's exact tests were done with Bonferroni 
corrections for multiple testing to identify differences 
between mortality cases and those that survived. This is 
depicted in Table 3. Dyspnea (χ2 = 22.1, df = 1, p < 0.001), 
respiratory rate > 20/min (χ2 = 12.6, df = 1, p < 0.001), 
total leucocyte count > 11,000 cells/mm3 (χ2 = 32.3, df 
= 1, p < 0.001), urea > 20 mg/dL (χ2 = 13.2, df = 1, p < 
0.001), and serum creatinine > 1.2 mg/dL (χ2 = 25.3, df = 
1, p < 0.001) at presentation were significantly associated 
with mortality. Shock at anytime during the hospital 

3.2. Organ system involvement

Acute kidney injury (AKI) was defined as serum 
creatinine greater than 1.2 mg/dL without a previous 
history or imaging evidence of chronic kidney disease. 
This was seen in 14.6% of our study population at 
presentation. A Fisher's exact test showed a significant 
association between hypotension at any point in the 
hospital stay and the presence of AKI (χ2 = 26.45, df = 1, 
p = 0.002).
	 Transaminitis was defined as an elevation of alanine 
transaminase (ALT) or aspartate transaminase (AST) 
beyond three times the upper limit of normal (> 120 IU/
L). This was seen in a total of 51.6% of 172 patients with 
available liver enzyme data. When transaminitis was 
present, the median AST/ALT ratio was 1.8 (1.3, 2.6), 
and the median total bilirubin level was 0.7 (0.4, 1.4). 
Hepatomegaly was seen in 20 patients. A Fisher's exact 
test showed no significant difference in the presence of 
hepatomegaly between those with and those without 
transaminitis (χ2 = 0.006, df = 1, p = 0.9). There was also 
no significant difference in the presence of vomiting or 
pain abdomen at admission between those with and those 
without transaminitis (χ2 = 0.21, df = 1, p = 0.64).
	 Complications involving the central nervous system 
(CNS) in the form of altered sensorium, drowsiness, 
seizures, or any features of encephalopathy or 
encephalitis were seen in 11.6% of the patients. One 
patient was diagnosed with dengue encephalitis with 
an initial presentation of fever, seizures, and headaches. 
Blood and CSF IgM antibodies for dengue were positive. 
Other causes of viral encephalitis (Herpes, Japanese 

Table 2. Clinical profile of the study population (n = 232).

Clinical characteristic

Symptoms
    Fever
    Myalgia
    Recurrent vomiting
    Headache
    Abdominal pain
    Bleeding
        Oral
        Venipuncture site
        Malena
        Hematemesis
        Epistaxis
        Hematuria
        Hematochezia
        Others
    Rash
    Arthralgia
Examination findings
    Pulse rate (mean ± SD)
    Systolic blood pressure (mmHg); (mean ± SD)
    Diastolic blood pressure (mmHg); (mean ± SD)
    Respiratory rate (mean ± SD)
    Hepatomegaly
    Serositis (Ascites/pleural effusion)

Number of 
patients [n (%)]

232 (100)
 129 (55.6)
 116 (50.0)
 110 (47.4)
 087 (37.5)
 081 (34.9)
   17 (21.0)
   17 (21.0)
   10 (12.3)
 08 (9.9)
 06 (7.4)
 06 (7.4)
 04 (4.9)

   14 (17.3)
 052 (22.4)
 039 (16.8)

88.7 ± 15.3
114.9 ± 20.44
74.13 ± 15.17

 19 ± 4.7
 20 (8.6)

   47 (20.2)

Table 3. Risk factors for in-hospital mortality

Characteristic

Demographic
    Age > 45 years
    Male sex
Symptoms
    Rash
    Bleeding manifestation
    Headache
    Abdominal pain
    Dyspnea*

    Arthralgia
    Vomiting
    Myalgia
Examination
    Pulse Rate > 100 bpm
    Respiratory Rate > 20/min*

    Shock*

Investigations
    Hemoglobin < 10 g/dL*

    Corrected hematocrit > 20%
    TLC < 4000 cells/mm3

    TLC > 11000 cells/mm3*

    Platelet < 50000 cells/mm3

    Urea > 20 mg/dL*

    Serum creatinine > 1.2 mg/dL*

    Transaminitis
    Albumin < 3.5 g/dL

Survivor 
[n (N)]

  38 (215)
142 (215)

  49 (214)
  72 (212)
106 (213)
  77 (213)
  19 (213)
  38 (213)
107 (213)
123 (213)

  11 (212)
  83 (209)
  10 (202)

188 (207)
  32 (208)
  70 (205)
  20 (205)
118 (213)
  61 (185)
  18 (186)
  92 (156)
  64 (147)

Mortality 
[n (N)]

  8 (17)
13 (17)

  3 (17)
  9 (17)
  4 (17)
10 (17)
  8 (17)
  1 (17)
  9 (17)
  6 (17)

  6 (17)
13 (15)
10 (17)

10 (17)
  5 (15)
  0 (17)
10 (17)
12 (17)
12 (15)
  9 (17)
  8 (12)
  9 (12)

*Significance considered at p < 0.002 after Bonferroni correction

p value

0.003
0.380

0.618
0.115
0.037
0.064

< 0.001
0.21
0.83

0.073

0.060
< 0.001
< 0.001

< 0.001
0.071
0.004

< 0.001
0.224

< 0.001
< 0.001

0.60
0.035



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(6):313-318. 316

stay was also found to be significantly associated with 
mortality (χ2 = 57.8, df = 1, p < 0.001).
	 Among organ failures, we found that hepatic, 
renal, neurologic, respiratory, cardiovascular, and 
acute kidney injury were higher in patients with severe 
dengue (Table 4).

3.4. Co-infections

Twelve patients (~5%) were identified to have co-
infections with other tropical fevers. Seven patients tested 
positive for malaria where all patients were infected 
with vivax malaria and one infected with mixed species 
of Plasmodium. Five patients were positive for IgM 
Chikungunya. All of these patients had an uneventful 
recovery. 

4. Discussion

Our study analyzed dengue cases spanning over six 
years. In our analysis, we found that dyspnea, tachypnea, 
leucocytosis, and acute kidney injury at presentation 
were significantly associated with in-hospital mortality. 
The year 2015 contributed to the bulk of the cases in our 
study. This is in keeping with the national statistics as 
India experienced its worst outbreak in 2015 with a total 
of 99,913 recorded cases (7).
	 The initial assessment and triage of patients as mild, 
moderate, or severe can be useful during admission and 
management decision making. 13 out of the 17 deaths 
were classified as severe dengue at admission. This 
further emphasizes the need to classify and manage 
severe cases aggressively. Untreated severe dengue 
has a mortality as high as 20%. With treatment, this 
number can be as low as 1-2% (8). The mortality rate 
in our study is 7.3% reflecting a berksonian bias as our 
hospital is a tertiary care referral center.
	 We found that 100% of our cases presented with 
a history of fever. Asymptomatic disease is known in 
dengue and is thought to be a reservoir of infection 
during epidemics (1). However, in symptomatic dengue, 
fever is the most common symptom as described in 
our study. Special attention and close monitoring are 
recommended in pregnancy as they are prone to have 

a rapid downhill course. Among our study population, 
two women were admitted in the second trimester 
of pregnancy, and both were discharged without any 
feto-maternal complications. A study by Agarwal et 
al. who retrospectively analyzed 62 dengue cases in 
pregnancy concluded that dengue hemorrhagic fever 
(DHF)/dengue Shock Syndrome (DSS) was associated 
with significant maternal morbidity and mortality (9). 
Pregnancy-related management of dengue fever does 
not differ from the usual empirical treatment. However, 
monitoring of the patient and the fetus is required with 
interdepartmental coordination with Obstetrics and 
Gynecology.
	 AKI was present in 14.6% of our patients which 
is in keeping with existing quotes between 13 and 
16% (10,11). Our study shows a 11.6% prevalence of 
neurologic manifestations. The quoted prevalence of 
neurologic manifestations (both central and peripheral) 
ranges between 0.5-20% (12). We did not note the 
presence of any peripheral nervous manifestations 
of dengue. Transaminitis was seen in nearly half 
the patients with available enzyme data. Our results 
suggest that dengue hepatitis consists of anicteric 
hepatitis wherein the bilirubin levels are normal/
marginally elevated when compared to transaminases. 
The AST/ALT ratio is also greater than 1 in our study, 
which is classical of dengue hepatitis. It has been 
proposed that liver involvement in dengue is heralded 
by abdominal pain and vomiting, with some cases 
showing hepatomegaly (13). We, however, found 
that transaminitis is not significantly associated with 
abdominal pain, vomiting, or hepatomegaly. We would 
like to propose that this may be the case because 
abdominal pain and vomiting may also hint at an 
intestinal manifestation of dengue (dengue enteritis). 
Bowel wall oedema in the critical phase also manifests 
similarly, which may out shadow hepatitis which is 
usually seen late in the clinical course.
	 We found that shortness of breath and tachypnea at 
presentation was the only clinical features significantly 
associated with mortality. Tachypnea in dengue 
patients can be attributed to direct lung involvement, 
Acute Respiratory Distress Syndrome (ARDS), 
fluid overload, renal involvement, myocarditis, 

Table 4. Clinical spectrum during hospital stay and outcome of cases categorized by severity of Dengue fever

Characteristic

Day of illness at admission (Median (IQR))
Number of patients with 1 or more risk factors (N (%))
Organ Involvement (N (%))
   Hepatic (Bilirubin > 2 mg/dL)
   Renal (Creatinine > 1.2 mg/dL)
   Neurologic (GCS < 15)
   Respiratory (p/f ratio < 300)
   Cardiovascular (MAP < 65 mmHg)
Mortality (N (%))

Moderate Dengue (N = 92)

     4.75 (6, 8)
   26 (28.3)

     5 (5.4)
   11 (11.9)
     8 (8.7)
     7 (7.6)
     6 (6.5)
     4 (4.3)

Mild Dengue (N = 99)

  4 (6, 7)
  0 (0)

  3 (3.0)
  4 (4.0)
  5 (5.1)
  1 (1.0)
  1 (1.0)
  0 (0)

Severe Dengue (N = 41)

  4 (5, 9)
14 (34.1)

11 (26.8)
16 (39.0)
14 (34.1)
12 (29.3)
13 (31.7)
13 (31.7)
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or improper fluid management. It is important to 
note that neither thrombocytopenia nor bleeding 
manifestations at presentation were predictors of 
mortality. Thrombocytopenia, as a risk factor for 
mortality, was considered initially (5,6). Recent studies, 
however, show that thrombocytopenia is not a predictor 
for mortality. Some studies show that bleeding 
manifestations do predict mortality (5,14). We state that 
bleeding manifestations are a presentation of severe 
dengue and do not directly predict mortality. We found 
anemia (Hemoglobin < 10 g/dL) to be in much higher 
proportion in the survivor group. The explanation for 
the same is beyond us. However, we believe it hints 
at the presence of hemoconcentration at presentation 
and the need for appropriate fluid resuscitation. This, 
however, needs to be decided on a case-by-case basis.
	 Among organ failures, we found that acute kidney 
injury was associated with morality as supported 
by existing literature (15). While severe hepatitis 
(transaminitis > 1,000 IU/L) has been proposed as 
a predictor of mortality, we did not find such an 
association with transaminitis or severe hepatitis (6,15). 
Leucopenia is a known manifestation of dengue fever. 
It is interesting to note that we found a significant 
association between leucocytosis at presentation and 
mortality. This has been scarcely reported so far (4). 
We believe that these markers are an indication of close 
monitoring and aggressive management.
	 Seven patients in this study tested positive for 
malaria (all Plasmodium vivax and one mixed malaria), 
and five patients had IgM Chikungunya ELISA 
positive. This is an important observation as co-
infections require a prompt diagnosis. Identification of 
one cause of the febrile illness may mask and delay the 
diagnosis of others. This may affect clinical outcomes 
and prognosis. Previous studies have also reported 
cases of co-infection (16). This finding highlights the 
importance of awareness of the possibility of concurrent 
infections. In countries like India, with the presence of 
seasonal epidemics of acute febrile illness, it becomes 
crucial to test broadly and rule out causes that have 
specific treatment modalities.
	 Atypical cases of dengue fever in our cohort included 
one case of CSF confirmed dengue encephalitis 
and one case of dengue with hemophagocytic 
lymphohistiocytosis (HLH). Dengue encephalitis is a 
rare manifestation attributed to the direct neurotropic 
effect of the virus (12). In highly endemic settings, 
dengue should also be suspected as an etiological agent 
in the evaluation of acute encephalitis syndrome. HLH 
is a hyper-inflammatory condition that may occur 
secondary to dengue infection, possibly due to the 
dysregulated immune system triggered by the virus. 
This patient had persistent fever, organomegaly, high 
ferritin, pancytopenia, low fibrinogen, and evidence 
of haemophagocytosis on bone marrow. He required 
steroids for management and was discharged in stable 

condition. This has been previously described only in 
case reports (17,18).
	 In conclusion, early diagnosis and close dynamic 
monitoring remain the key to the management of 
dengue fever. We found that shortness of breath and 
tachypnea at presentation was the only clinical features 
significantly associated with mortality. Acute kidney 
injury and leucocytosis at presentation were other 
markers that were significantly associated with in-
hospital mortality. Based on our results, we recommend 
aggressive management of patients with severe dengue 
and those with mild/moderate disease with the above 
risk factors.
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Maintaining good oral health is important because oral diseases are related to systemic diseases, and 
community pharmacies play a key role in maintaining the health of local residents. This study aimed 
to examine the effects of oral health check-ups and information provision at community pharmacies 
on oral health-associated behaviors as well as patient satisfaction. We conducted oral health check-
ups and provided information about oral health self-care to 84 patients at a community pharmacy, 
and then asked them to complete a questionnaire survey. One month later, we sent them a follow-
up questionnaire and received responses from 66.7% (56/84) of the participants. The large majority 
were satisfied with the salivary test (95.2%) and the information (96.4%) we provided. Most of the 
participants (89.3%) indicated that they wanted to use the oral health check-up service again in the 
future. Compared with baseline, the ratio of participants restricting their intake of sugar-rich foods and 
drinks significantly increased 1 month later (p = 0.021). About 60% of those who had not undergone 
a regular dental examination at baseline reported newly visiting or planning to visit a dental clinic. 
The results revealed high satisfaction with the oral health check-up and information about oral self-
care they received at the community pharmacy. The results suggested that oral health check-ups 
had the potential to change both oral self-care habits and dental consultation behavior. Our findings 
indicate that community pharmacies can contribute to the maintenance and promotion of oral health by 
providing oral health check-ups to local residents.

1. Introduction

Oral diseases, such as dental caries and periodontal 
disease, are major public health problems worldwide 
(1,2). In Japan, about 4 million patients were estimated 
to have periodontal disease, making it the second most 
common major disease behind hypertension (3). Oral 
diseases lead not only to loss of oral function but also 
to lower quality of life (4). In addition, it is known 
that periodontal disease is related to systemic diseases, 
including diabetes mellitus (5,6) and atherosclerotic 
vascular disease (7). It has been reported that periodontal 
treatment is effective for improving glycemic control 

(8) and that regular dental care utilization reduces the 
risk of stroke (9). Therefore, maintenance of oral health 
is important for prolonging health expectancy and 
decreasing national medical expenditures.
	 Regular dental check-ups are essential for early 
detection of oral diseases. However, only 52.9% of 
Japanese adults have regular dental check-ups according 
to a survey conducted by the Ministry of Health, Labour 
and Welfare in 2016 (10), and this is much lower than the 
rate of regular health check-ups (71.4%) (11). Therefore, 
a strategy is needed to close this gap in behaviors.
	 Community pharmacies play an important role 
in maintaining the health of the local residents and 
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prolonging their health expectancy. A majority of 
pharmacists in Australia (12,13) and England (14) stated 
that it was their role to deliver oral health advice to the 
community and provide oral healthcare service to local 
residents. However, Japanese community pharmacists 
merely advise patients about the adverse effects of 
medicine in the oral cavity (15), and few studies have 
investigated the contribution of community pharmacists 
to the oral healthcare of local residents. In September 
2015, the Ministry of Economy, Trade and Industry 
allowed salivary tests to be used to conduct oral health 
check-ups at community pharmacies (16). This oral 
health check-up could become a new tool for community 
pharmacies to maintain and promote the oral health of 
local residents. However, very few Japanese community 
pharmacies have introduced this service. Therefore, 
in the present study, we conducted oral health check-
ups and provided information about oral self-care at a 
community pharmacy and examined the effect on oral 
health-associated behaviors and conducted surveys to 
determine satisfaction as well as how likely participants 
were to use the service again in the future.

2. Materials and Methods

2.1. Participants and study design

Participants were recruited from among patients who 
visited Keio University Community Pharmacy (Tokyo, 
Japan) with a prescription in June or July 2018. The 
researchers explained the details of the study to each 
patient and obtained written informed consent prior to 
their participation. Individuals under 20 years old were 
excluded. The oral health condition of the participants 
was checked by using a salivary test, which was free 
of charge, and each participant was given their results 
sheet. In addition, the participants received information 
about oral health self-care from the researchers and were 
asked to respond to a self-administered questionnaire. 
One month later, the participants were asked to respond 
to a follow-up questionnaire sent to their home by postal 
mail. The study protocol was approved by the research 
ethics committee of the Faculty of Pharmacy, Keio 
University (approval number: 180528-1).

2.2. Oral health check-up by salivary test

The oral health check-up was conducted using a salivary 
test system (SillHa; ARKRAY Inc., Kyoto, Japan), 
which assays the following six items in about 5 min: 
cariogenic bacteria, pH, buffer capacity (which indicates 
the risk of dental caries), leukocytes, protein (which 
indicates the risk of periodontal disease), and ammonia 
(which indicates oral cleanliness). This test cannot be 
used to diagnose oral diseases. In this study, participants 
provided oral rinse sample using 3 mL of distilled 
water, and the researchers used a dropper to transfer the 

sample onto the test strip. Once the assay was complete, 
the researchers explained the results to the participant, 
referencing a results sheet, on which the results of the 
six items were plotted on a radar chart. The participants 
were also told that the results were often affected by 
their diet and oral hygiene.

2.3. Information provision about oral health

The researchers gave each participant an original leaflet 
containing information about the relationship between 
oral diseases and systemic diseases, recommendations 
for dietary behaviors and oral self-care, and an 
explanation on the importance of regular dental check-
ups, and they discussed the contents of the leaflet with 
each participant for a few minutes. Regarding dietary 
behaviors, the researchers recommended that the 
participants restrict their intake of sugar-rich foods and 
drinks, eat nutritionally balanced meals, and chew their 
meals wells. In addition, the researchers provided oral 
hygiene guidance, including the use of an interdental 
brush or dental floss as well as fluoride-containing 
toothpaste. Among the researchers were two dentists, 
who contributed to the creation of the information 
leaflet.

2.4. Questionnaire survey

At the end of the session at the community pharmacy, 
each participant was asked to complete a self-
administered questionnaire covering the following areas: 
1) basic characteristics and frequency of regular dental 
check-ups, 2) dietary behaviors and oral hygiene habits 
in daily life, and 3) satisfaction with the oral health 
check-up and information provided and their likelihood 
of using the service again in the future.
	 One month later, participants were asked to respond 
to a follow-up questionnaire sent to their home by postal 
mail, which asked about dietary behaviors, oral hygiene 
habits, and dental consultation behavior.

2.5. Statistical analysis

All analyses were performed using IBM SPSS Statistics 
version 25 software (IBM Corp., Armonk, NY), and 
McNemar's test was used to evaluate changes between 
baseline and 1 month later. A p-value < 0.05 was 
regarded as significant.

3. Results

3.1. Participant characteristics

A total of 84 patients participated in this study; their 
basic characteristics are shown in Table 1. Most 
participants (32.1%) were in their 70s and just over half 
(53.6%) were women. Only 9.5% were smokers. Nearly 
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their results on site after the oral health check-up at a 
community pharmacy (Figure 1A). Additionally, they 
said that the oral health check-up was easy (66.7%), 
was useful for improving their oral self-care habits 
(56.0%), and took a short time (51.2%). Furthermore, 
79.8% of participants answered that there was no demerit 
about having the oral health check-up at a community 
pharmacy. Only a few participants felt that the presence 
of dental caries and periodontal disease were not 
confirmed by the oral health check-up (4.8%) and 
hesitated to provide a saliva sample for the assay (3.6%).
	 Nearly all the participants (95.2%) indicated that 
they were "satisfied" or "somewhat satisfied" with the 
oral health check-up at the community pharmacy (Figure 
1B) and 96.4% indicated that they were "satisfied" or 
"somewhat satisfied" with the information they received 
about oral health self-care (Figure 1C). No one responded 
that they were "somewhat unsatisfied" or "unsatisfied" 
about either the oral health check-up or the information 
provided. Moreover, 89.3% of the participants indicated 
that they wanted to use the oral health check-up service 
at a community pharmacy again in the future (Figure 
1D).

3.3. Changes in oral self-care habits and dental 
consultation behavior 1 month after the oral health 
check-up

two-thirds of the participants (64.3%) had undergone a 
regular dental check-up in the preceding 12 months and 
the rest (35.7%) had not.

3.2. Satisfaction with the oral health check-up and the 
information provided at the community pharmacy

Most participants (77.4%) found it beneficial to get 

Table 1. Participant characteristics (n = 84) 

Age
    20-29
    30-39
    40-49
    50-59
    60-69
    70-79
    80+
Sex
    Male
    Female
Smoking habit
    Yes
    No
Regular dental check-up in the preceding 12 months
    Yes
    No

n (%)

4 (4.8)
4 (4.8)

12 (14.3)
18 (21.4)
14 (16.7)
27 (32.1)
5 (6.0)

39 (46.4)
45 (53.6)

8 (9.5)
76 (90.5)

54 (64.3)
30 (35.7)

Figure 1. Satisfaction with the oral health check-up and the information provided at the community pharmacy. (A) Benefits of the oral 
health check-ups performed at the community pharmacy (n = 84, multiple answers allowed). (B and C) Degree of satisfaction with (B) the oral 
health check-up and (C) the information provided about oral self-care at the community pharmacy (n = 84). (D) Likelihood of using the oral 
health check-up service at a community pharmacy again (n = 84).
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We received responses from 66.7% (56/84) of 
the participants to the follow-up questionnaire we 
administered 1 month after the oral health check-up at 
the community pharmacy. The ratio of participants who 
performed various aspects of oral self-care at the time of 
the oral health check-up (baseline) to those 1 month later 
is shown in Figure 2A. More than 70% of the participants 
ate nutritionally balanced meals and used an interdental 
brush or dental floss at baseline, whereas less than 50% 
restricted their intake of sugar-rich foods and drinks and 
used a fluoride-containing toothpaste. Compared with 
baseline, the ratio of participants restricting their intake 
of sugar-rich foods and drink had significantly increased 
1 month later (baseline, 45.3%; 1 month later, 64.2%; p 
= 0.021).
	 Of the 56 participants who responded to the follow-
up questionnaire, 12 had not gone to a regular dental 
check-up in the preceding 12 months. Only one of them 
(8.3%) reported newly visiting a dental clinic during the 
month after they used the oral health check-up service at 
a community pharmacy, whereas half indicated plans to 
visit a dental clinic in the near future (Figure 2B).

4. Discussion

The results of this study showed that the majority of 

participants were satisfied with the oral health check-
up service conducted using a salivary test as well as the 
information provided about oral self-care and indicated 
that they wanted to use the service again in the future. 
In addition, some of the participants reported making 
positive changes in their oral self-care habits and 
dental consultation behavior. These results suggest that 
providing oral health check-up services at community 
pharmacies could lead to improvements in oral health-
associated behavior in local residents.
	 This is the first study to investigate oral health check-
up services at a Japanese community pharmacy in terms 
of effectiveness, satisfaction, and likelihood of using 
the service again in the future. Compared with other 
countries (12-14), Japanese community pharmacies 
are less proactive in promoting and maintaining the 
oral health of local residents. The introduction of this 
new service comprising an oral health check-up and 
provision of oral self-care information is expected to 
help Japanese community pharmacies take a more active 
role in promoting and maintaining the oral health of local 
residents.
	 The results of this study showed that both the oral 
health check-up and the information provided about oral 
self-care were very well received by the participants, 
many of whom recognized the ease and speed with which 

Figure 2. Changes in oral self-care habits and dental consultation behavior 1 month after the oral health check-up. (A) Comparison of oral 
self-care habits at baseline and 1 month after the oral health check-up performed at the community pharmacy. Data from respondents were excluded 
if they did not answer the same items on both questionnaires and if they answered "I don't know if my toothpaste contains fluoride" to the item on 
use of fluoride-containing toothpaste. The number of responses for each item are indicated in the figure. *p < 0.05 by McNemar's test. (B) Dental 
consultation behavior 1 month after the oral health check-up performed at the community pharmacy. Figure shows data of those who had not gone to 
a regular dental check-up in the preceding 12 months at baseline and responded to the follow-up questionnaire 1 month later (n = 12).
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they could receive both the check-up and the results. In 
addition, the check-up procedure does not cause pain or 
distress because users need only provide an oral rinse 
sample. Furthermore, the assay takes only 5 min to 
complete, so it should generally be possible to complete 
the oral health check-up while the user is waiting for 
their prescription to be filled. Also, given that the large 
majority of participants indicated that they wanted to 
use the oral health check-up service again in the future, 
it is recommended that more Japanese community 
pharmacies introduce this service to accommodate the 
expected demand.
	 More than half the participants indicated that the oral 
health check-up and the information they received were 
useful for improving their oral self-care habits. Indeed, 
the ratio of participants restricting their intake of sugar-
rich foods and drinks significantly increased 1 month 
after the check-up compared with baseline, suggesting 
that the check-up and information provision might have 
led to changes in their oral health-associated behaviors.
	 The results also suggest that the service affected the 
participants' dental consultation behavior because about 
60% of participants who had not gone to a regular 
dental check-up in the preceding 12 months reported 
newly visiting a dental clinic or planning to do so in 
the near future. In this study, the participants were 
recommended to visit a dental clinic for a professional 
examination and care during the oral health check-up 
session. Given that oral diseases are known to be related 
to systemic diseases (5-7), it is possible that the oral 
health check-up conducted at community pharmacies 
possibly led not only to early detection of oral diseases 
but also to the prevention of systemic diseases.
	 From the results of the follow-up questionnaire 
survey conducted 1 month after the oral health check-
up, no significant improvements were observed in 
chewing well while eating meals or using fluoride-
containing toothpaste, and the positive effect on 
dental consultation behavior was limited. Regarding 
the effects of intervention at community pharmacies, 
previous studies found that repeated implementation of 
lifestyle advice and measurements led to reductions in 
blood pressure (17) and improvements in bone mineral 
density (18) in local residents. Although we conducted 
the oral health check-ups and provided information 
only one time, it is expected that subsequent sessions 
would lead to further changes in oral self-care habits 
and dental consultation behavior.
	 A limitation of this study is that we evaluated only 
a combination group in which both the oral health 
check-up was performed and the information was 
provided and there was no control group. Further study 
is required to more clearly assess the effects of the oral 
health check-up and information provision separately.
	 In conclusion, the present study demonstrated that 
participants were very satisfied with the oral health 
check-up and the information provided about oral self-

care at the community pharmacy and that they wanted 
to use the service again in the future. Additionally, 
it was suggested that the oral health check-up and 
information provision potentially led to improvements 
in oral self-care and dental consultation behavior. These 
findings indicate that community pharmacies could 
possibly contribute to the promotion and maintenance 
of oral health in local residents by providing this 
service.
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New strategies for early diagnosis and careful follow-up of systemic sclerosis are urgently needed. 
We unconventionally used a video capillaroscopy system to measure the amount of sweating on 
finger pads, and investigated its clinical significance. Thirty-three Japanese patients who were 
diagnosed with typical or pre-clinical stage patients of systemic sclerosis were included in this study. 
Five healthy subjects were also included. Among twenty-one patients with typical systemic sclerosis 
that fulfilled ACR/EULAR 2013 classification criteria, seven had increased sweating levels. On the 
other hand, among twelve pre-clinical stage patients that did not fulfill the classification criteria, 
no patient showed increase in finger sweating. We found that there was statistically significant 
difference. The ratio of diffuse cutaneous systemic sclerosis was also found to be significantly higher 
in subjects with increased amounts of sweating than in subjects with normal levels. Furthermore, the 
positivity of topoisomerase I antibody was statistically higher in patients with increased sweating 
levels than in those without. These results indicated that measurement of finger sweating levels may 
be a useful tool for early diagnosis and clarification of pathogenesis in this disease.

1. Introduction

Systemic sclerosis (SSc) is a multisystemic autoimmune 
disease characterized by vasculopathy and excess 
collagen accumulation in the skin or various internal 
organs including the lungs and esophagus. Because 
pathogenesis of SSc remains unknown, diagnosis and 
treatment is sometimes difficult. However, progressive 
collagen deposition seen in SSc is often irreversible, at 
least clinically, and there is an urgent need to develop 
new strategies of early diagnosis and careful follow-up.
	 For that purpose, we previously reported that low 
serum CA9 concentration and microRNA-29 in pre-
clinical stage SSc may be utilized as early diagnostic 
markers (1,2). On the other hand, accumulation of 
thickened collagen in SSc dermis is known to cause 
atrophy of the sweat glands. In the current study, we 
focus on the possibility that sweat volume may also 
be useful for early diagnosis, which has never been 
investigated before. We unconventionally used a video 
capillaroscopy system as a novel mean of evaluating 
sweating levels. Generally, this system is used to detect 

red blood cell flow by a hand-held microvideoscope. 
It can also be used to observe the surface of the skin to 
a depth of up to 2 mm (3). We measured the sweating 
levels on finger pads by this system, and investigated 
its clinical significance in SSc patients with the idea of 
possible future application for making early diagnosis 
and for clarification of pathogenesis of systemic 
sclerosis.

2. Materials and Methods

2.1. Clinical assessment and patients' material

Thirty-three Japanese patients who were suspected as 
having SSc were included in this study. Among them, 
twenty-one patients (nineteen females and two males) 
fulfilled ACR/EULAR 2013 classification criteria (4). 
These patients with typical SSc were grouped according 
to the classification system proposed by LeRoy, et al. 
(5). Fifteen patients were limited cutaneous systemic 
sclerosis (lcSSc), while six patients had diffuse cutaneous 
systemic sclerosis (dcSSc). Clinical and laboratory data 
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were obtained at the time of the evaluation of sweating 
levels (Table 1). Five healthy subjects (three females and 
two males) were also included in this study.
	 This study was approved by the Wakayama Medical 
University Institutional Review Board (No.2542), and 
written informed consent were obtained before patients 
and healthy volunteers were entered into this study, in 
accordance with the Declaration of Helsinki.

2.2. Measurement of sweating levels

Sweating was evaluated using capillaroscopy (BSCAN-
Pro, Toku Corporation, Tokyo, Japan) at 25°C in all 
patients and healthy subjects (5). Number of secreting 
sweat glands was counted on the three sides (front, left 
and right sides) of the fourth finger pads for five seconds 
each, and the total number of sweating was recorded.

2.3. Statistical analysis

Statistical analysis was carried out with Fisher's exact 
probability test to compare percentages by using Excel 
2011 spreadsheet (Microsoft Corp., Redmond, WA) 
and Statcel4 (OMS, Tokorozawa, Japan). P < 0.05 was 
considered significant.

3. Results

3.1. Reproducibility of sweating levels on finger pads

In this study, capillaroscopy was used according to the 
protocol of nailfold observation (6), and sweating ability 
was evaluated at 25°C.
	 The fourth finger was chosen as the site of 
examination, because many changes characteristic to SSc 
(e.g. round finger pad sign and nailfold capillaroscopic 
abnormalities) are known to predominantly appear on 
fourth finger (7,8). Representative capillaroscopic video 
images of fourth fingertip in healthy subjects showed 
both little (Figure 1a, left) and abundant (Figure 1a, 
right) sweating levels in each healthy subject, indicating 
individual differences.
	 Because this is the first report to evaluate sweating 
using capillaroscopy, we attempted to prove its 
reproducibility. Number of secreting sweat glands within 
a fixed area (width = 1 mm) for total fifteen seconds was 
counted on the three sides (front, left and right sides) of 
the fourth finger pads, and the total number of sweating 
was compared between first evaluation and second 
evaluation (duration: 1-15 days) in five healthy subjects 
(No. 1-5, two males and three females with the ages 
ranging between 34 and 40 years) (Figure 1b).
	 The difference of finger sweating levels between 
the two evaluations were < 5 in both the left and right 
fingers of each individual, indicating the reproducibility 
of finger sweating levels by our method.

3.2. Comparison of finger sweating levels in patients 
with typical and pre-clinical stage of SSc

Based on the above results, we measured the finger 
sweating levels in patients with typical and pre-clinical 
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Table 1. Summary of clinical/serological features in patients 
with typical systemic sclerosis (n = 21)

    Males : Females
    Age at the time of capillaroscopy (mean years)
    Duration of disease (mean months)
    Type (diffuse:limited)
Clinical features
    Pitting scars
    Ulcers
    Nailfold bleeding
    Telangiectasia
    Contracture of phalanges
    Diffuse pigmentation
    Short SF
    Sicca symptoms
Organ involvment
    Pulmonary fibrosis
    Mean %VC
    Mean %DLco
    Pulmonary hypertension
    Esophagus
    Heart
    Kidney
    Joint
ANA Specificity
    Anti-topoisomerase I
    Anti-centromere

      2:19
  67.5
113.7

      6:15

  28.6
  14.3
  61.9
  38.1
  42.9
  14.3
  42.9
  52.4

  28.6
  87.2
  78.1
  14.3
  38.1
  14.3

      0.05
  38.1

  23.8
  76.2

Unless indicated, values are percentages. SF: sublingual frenulum, 
VC: vital capacity, DLco: diffusion capacity for carbon monooxidase, 
ANA: antinuclear antibodies, Anti-topoisomerase I: anti-topoisomerase 
I antibody, Anti-centromere: anti-centromere antibody.

Figure 1. Reproductivity of sweating levels on the finger pads of 
five healthy subjects. (a) Representative capillaroscopic images of the 
fourth finger in healthy subjects. Left: image of poor sweating (subject 
no. 3), right: image of abundant sweating (no. 4). (b) Total number of 
secreting sweat gland on left and right fourth fingers of five healthy 
subjects (no. 1-5) are shown on the ordinate. The sweating levels were 
evaluated by capillaroscopy twice (first and second).
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criteria compared with those in the pre-clinical stage of 
SSc.

3.3. Correlation between sweating levels and clinical 
features in SSc

Lastly, we examined the correlation of finger sweating 
levels with clinical and serological features in patients 
with typical SSc who fulfilled ACR/EULAR 2013 
criteria (n = 21). Summary of clinical/laboratory features 
of patients enrolled in this study are shown in Table 1. 
Mean age was 67.5 years, and patients comprised six 
dcSSc and 15 lcSSc.
	 In seven patients with increased sum finger sweating 
levels, the mean disease duration (between symptom 
onset and first visit to the hospital) was 72.0 months 
(Table 3). Meanwhile, in subjects with normal sweating, 
mean disease duration was 134.6 months. Thus, patients 
with increased sweating tended to have a shorter 
disease duration, albeit insignificant. In addition, the 
ratio of dcSSc was significantly higher in patients with 
increased sweating levels than in those with the normal 
sweating levels (dcSSc: lcSSc = 6:1 vs. 0:14, p = 0.00013 
by Fisher's exact probability test). Furthermore, the 
positivity of topoisomerase I antibody was statistically 
higher in patients with increased sweating levels than 
those without (57.1 vs. 7.1%, p = 0.025).
	 Accordingly, among patients with typical SSc, those 
with dcSSc and positive for anti-topoisomeraseⅠantibody 

stage of SSc (n = 33). Total number of secreting glands 
of left and right finger sweating levels were recorded.
	 When the cut-off value was set at 10 secreting glands, 
in twenty-one patients with typical SSc (male:female = 
2:19) who fulfilled ACR/EULAR 2013 classification 
criteria (criteria score ≥ 9 points), seven had increased 
amount of sweating (Table 2). On the other hand, among 
twelve pre-clinical stage patients (all female) that did 
not fulfil ACR/EULAR 2013 classification criteria 
(criteria score ≤ 8 points), no patient had increased 
finger sweating levels. There was statistically significant 
difference (p = 0.029 by Fisher's exact probability test). 
Only one typical SSc fulfilled 2016 ACR/EULAR 
classification criteria for primary Sjögren's syndrome 
(9), but the finger sweating levels of the patient was 20 
and not reduced. Our results suggest that finger sweating 
levels were increased in typical SSc that fulfilled the 

Table 2. Comparison of finger sweating levels between 
typical and preclinical early stage of systemic sclerosis

Sweating levels ≤ 9
Sweating levels ≥10

Typical systemic sclerosis
Criteria score ≥ 9

14
7

Preclinical stage
Criteria score ≤ 8

12
0

Criteria score was calculated based on American College of 
Rheumatology (ACR)/ European League against Rheumatism 
(EULAR) 2013 classification criteria. Sweating levels was sum of total 
number of finger sweating levels.

Table 3. Correlation of clinical/serological features and finger sweating levels in typical systemic sclerosis

    Males : Females
    Age at the time of capillaroscopy (mean years)
    Duration of disease (mean months)
    Type (diffuse:limited)
Clinical features
    Pitting scars
    Ulcers
    Nailfold bleeding
    Telangiectasia
    Contracture of phalanges
    Diffuse pigmentation
    Short SF
    Sicca symptoms
Organ involvement
    Pulmonary fibrosis
    Mean %VC
    Mean % DLco
    Pulmonary hypertension
    Esophagus
    Heart
    Kidney
    Joint
ANA Specificity
    Anti-topoisomerase I
    Anti-centromere

Unless indicated, values are percentages. SF: sublingual frenulum, VC: vital capacity, DLco: diffusion capacity for carbon monooxidase, Anti-
topoisomerase I: anti-topoisomerase I antibody, Anti-centromere: anti-centromere antibody. *p < 0.05 by Fisher's exact probability test. N.S. : not 
significant.

    Normal sweating (n = 14)

      1:13
  70.7
134.6

       0:14*

  28.6
  14.3
  57.1
  42.9
  35.7
  14.3
  35.7
  64.3

  14.3
  92.5
  85.0
  21.4
  42.9
  21.4
    7.1
  50.0

    7.1
  92.9

Increased sweating (n = 7)

  1:6
61.1
72.0
  6:1

28.6
14.3
71.4
28.6
57.1
14.3
57.1
28.6

57.1
76.8
64.3

0
28.6

0
0

14.3

57.1
42.9

p value

N.S.
N.S.
N.S.

p = 0.00013

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

p = 0.025
N.S.
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tended to have increased finger sweating. Thirteen 
out of 21 patients with typical SSc were administrated 
with vasodilators. However, there were no significant 
association between sweating levels and the use of 
vasodilators.

4. Discussion

Sclerotic skin lesions of patients with SSc are known to 
be characterized by histopathologically thickened and 
increased collagen bundles, which makes sweat glands 
atrophic or absent (10). Sweating of SSc patients is 
therefore believed to be decreased, and no reports have 
yet proven abnormal sweating levels in SSc patients.
	 In this study, we directly measured sweat secretion of 
SSc fingers using capillaroscopy and present three major 
findings. Firstly, we proposed a novel mean of evaluating 
sweating levels. Both qualitative and quantitative 
techniques have been used to measure sweating levels. 
For example, qualitative measurements include iodine 
starch method and Minor's method, whereas weight 
measurement and ventilation capsule method are used 
as quantitative measurements (11,12). Each of these 
techniques is either time-consuming or it restricts 
the subject's physical activity by the firmly-attached 
measurement probes. Capillaroscopy, meanwhile, is 
readily and commonly used for the observation of 
capillary abnormalities in SSc patients, and has the 
advantage of being a brief and real-time quantification 
of sweat secretion by use of a small probe. We were 
able to prove its reproducibility, and our method can 
be considered as a new option for evaluation of sweat 
ability.
	 Second, contrary to expectation, we found patients 
with typical SSc that fulfilled ACR/EULAR 2013 
classification criteria have significantly increased 
finger sweating levels compared with patients in pre-
clinical stage of SSc that did not meet the classification 
criteria. Considering that the SSc patient group with high 
sweating levels tended to have a shorter disease duration, 
there is a possibility that serial measurement of finger 
sweating levels may help early differentiation of typical 
SSc from pre-clinical stage of SSc.
	 Another finding of this study is that, among patients 
with typical SSc, the ratio of dcSSc was significantly 
higher in patients with increased sweating levels 
compared to those with the normal sweating levels. 
The increased positivity of topoisomerase I antibody in 
patients with increased sweating levels supported this 
notion. As described above, sweating of SSc patients 
has been believed to be impaired because collagen 
accumulation causes atrophy of the sweat glands. Our 
unexpected results suggest the possibility that sweating 
is regulated by the autonomic nervous system (13,14), 
and it may be stimulated for unknown reasons in SSc 
patients. Alternatively, because skin sclerosis of the 
finger pads is usually mild, there may be compensatory 

hyperhidrosis. To prove this hypothesis, the sweating 
levels of other sites including sclerotic lesions using 
the same method by capillaroscopy are needed. In 
our preliminary data, however, we could not obtain 
reproducible results in sclerotic lesions (data not shown).
	 The current study has several limitations. First, we 
did not compare the results on sweating levels detected 
by the video capillaroscopy to those by any standard 
methods (e.g. iodine-starch test and/or perspiration 
meter). There are the possibility that the difference of 
sweating secretion ability among patient groups become 
clearer by the forced sweating situation such as warm. 
Next, the data of age/sex-matched healthy subjects 
was not available, because they rarely visit our hospital 
as a center in the area. Thus, we could not compare 
sweating levels of SSc patients with those of healthy 
control. In addition, the result from healthy subjects was 
very variable. Although we tried to identify the factor 
that influenced to sweat secreting, it is still unknown. 
Furthermore, 13.2% of Japanese SSc patients are 
reported to accompanied with Sjögren's syndrome (15). 
Because only one typical SSc had been diagnosed with 
Sjögren's syndrome in this study, ruling out of Sjögren's 
syndrome might not be enough in some patients. Even 
if some SSc patients are accompanied with Sjögren's 
syndrome, however, this does not explain increased 
sweating levels in typical SSc. Lastly, we did not record 
skin score and nailfold capillary findings, and these data 
was not available. The relationship between the clinical 
disease course (e.g. by the changes of skin score) and the 
changes of finger sweating levels could not be clarified 
in this manuscript. We will deal with these problems in 
the future project.
	 In summary, this pilot study indicated that 
measurement of finger sweating levels has potential 
usefulness for early diagnosis and clarification of 
pathogenesis in SSc. Detailed research with larger number 
of samples is necessary to prove its usefulness.
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Malaria, acute febrile illness, disease severity, tropical infections

Traditionally attributed only to Plasmodium falciparum, Plasmodium vivax has recently been reported 
to cause a significant burden of complicated malaria cases. The present study aimed to delineate the 
clinical spectrum and identify predictors for severe disease. This was a prospective observational 
cohort study conducted at a tertiary care hospital in North India. Patients with acute febrile illness (AFI) 
aged at least 14 years were included if they were diagnosed with vivax malaria based on rapid kits 
or peripheral smears. Clinical data and investigations during hospital stay was recorded. 439 cases of 
acute febrile illness were screened, of whom 50 (11%) were diagnosed with malaria including eight P. 
falciparum infections. Forty-two vivax malaria cases, 22 (52%) of whom were severe, were followed 
till discharge or death. The median age of the cohort was 24.5 years (Q1-Q3, 19-36 years), including 
a total of 29 males (69%). Severe malaria was more frequently associated with historical complaints 
of oliguria or dyspnea, and examination findings of pallor, splenomegaly or altered sensorium. 
The following five factors were identified to predict severe disease: prolonged illness over 7 days, 
symptoms of oliguria or dyspnea, examination findings of pallor or crepitations on auscultation. 
Malaria accounts for 1 in 10 cases of AFI at our North Indian tertiary care center and approximately 
half of them present with severe disease. Prolonged duration of disease prior to presentation is a 
modifiable predictor for severe disease and should be targeted for reducing morbidity.

1. Introduction

Malaria is  an endemic,  vector-borne,  tropical 
infection caused by the protozoan parasite of the 
genus Plasmodium, of which five species have been 
identified to infect humans. The clinical spectrum 
ranges from uncomplicated high-grade fever with 
headache and rigors to severe disease with the 
potential for devastating multi-organ dysfunction – 
cardiovascular, pulmonary, hematological, hepatic, 
renal, or neurological. Plasmodium vivax is classically 
considered to be benign compared to Plasmodium 
falciparum. In recent years, P. vivax has been reported 
to be the cause of many complicated malaria cases, and 
even deaths, in countries including Papua New Guinea 
(1), India (2,3), Brazil (4), and Malaysia (5). Factors 
predisposing to severe P. vivax malaria are unclear. 
Identification of patients at risk of severe disease and 

close monitoring, with or without hospitalization, can 
help triage these patients appropriately to improve 
outcomes.
	 In observance of the increasing burden of severe P. 
vivax infections and its impact on the community, the 
present study aimed to identify these patients' clinical 
spectrum as well as predictors for severe disease.

2. Methodology

2.1. Study setting and design

The present study was a prospective observational cohort 
study conducted at a tertiary care teaching hospital 
situated in North India (All India Institute of Medical 
Sciences, Delhi, India). The recruitment period extends 
from September 2018 to May 2020, and the study was 
approved by the institute ethics committee.

Brief Report
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2.2. Study population

Patients presenting with acute febrile illness of ≤ 14 days 
duration were evaluated for malaria infection. Malaria 
fever was diagnosed by examining a quantitative buffy 
coat or peripheral smear, or antigen detection by rapid 
diagnostic kit (Optimal, Bio-Rad, Marnes-la-Coquette, 
France). The species were identified by antigen detection 
or peripheral smear examination by microbiologists 
with at least ten years of experience in the field. Patients 
aged ≥ 14 years diagnosed with malaria were recruited 
after informed consent. The patients were excluded if 
they were infected with more than one malaria species, 
another cause for the febrile illness was demonstrated, 
or refused consent. Patients were treated following 
the national guidelines using oral chloroquine and 
primaquine if they were diagnosed with non-severe vivax 
malaria, and with intravenous artesunate therapy in case 
of severe vivax malaria (6).

2.3. Data collection

Information was obtained from the patients' medical 
records and collected in a uniformly structured 
questionnaire. Details noted include demographic 
characteristics, duration between onset of symptoms 
and diagnosis, duration of fever, headache, and 
complications, including active bleeding, altered 
sensorium, decreased urine output, or seizures. The 
patients were clinically examined daily till discharge or 
death. Routine blood investigations were performed at 
baseline and recorded every alternate day to identify the 
development of severe malaria infection. These included 
hemogram, renal function tests, liver function tests, 
blood lactate level, random plasma glucose, and blood 
gas analysis, including pH value and blood bicarbonate 
levels.

2.4. Definitions

Severe vivax malaria was defined by the presence of 
any one of the following World Health Organization 
(WHO) 2014 epidemiological and research criteria, as 
described for P. falciparum (except parasitemia) (7). 
The criteria include impaired consciousness (Glasgow 
coma score < 11), acidosis (base deficit of > 8 meq/L 
or plasma bicarbonate of < 15 mEq/L or venous plasma 
lactate > 5 mmol/L), hypoglycemia (blood glucose < 
40 mg/dL), severe anemia (hemoglobin concentration 
< 7 gm/dL or hematocrit < 20% in adults, together 
with a parasite count > 10,000/μL), acute kidney injury 
(serum creatinine > 3 mg/dL or blood urea > 20 mg/
dL), jaundice (serum bilirubin > 3 mg/dl together with 
a parasite count > 100,000/μL), pulmonary edema 
(radiologically confirmed, or oxygen saturation < 92% 
on room air with a respiratory rate > 30/min), significant 
bleeding (recurrent or prolonged epistaxis, hematemesis 

or melena), and shock (compensated with capillary filling 
time ≥ 3 seconds without hypotension or decompensated 
with systolic blood pressure < 80 mm Hg).

2.5. Statistical analysis

All data were analysed using Stata 14.0 (StataCorp, 
College Station, Texas, USA). Categorical variables 
are presented as frequencies and percentages. The chi-
square test/Fisher's exact test was used to establish 
the association between 2 or more groups. Data was 
tested for normality using the Kolmogorov-Smirnov 
test. Continuous variables are represented as mean ± 
standard deviations (SD) or median and interquartile 
range (IQR). Unpaired t-test was used to observe the 
difference between the groups if normality assumed 
otherwise Mann-Whitney-U test applied. Univariate 
logistic regression analysis was performed. A step-
wise approach was used to estimate the risk and relative 
95% confidence interval for each covariate. A value of 
p less than 0.05 was considered to represent statistical 
significance of the study.

3. Results

Four hundred thirty-nine cases of acute febrile illness 
were screened, of whom fifty (11%) were diagnosed 
with malaria and recruited (Figure 1). After excluding 
eight P. falciparum infections, forty-two P. vivax 
malaria cases were identified and followed up till 
discharge or death. Twenty-two of these (52%) were 
classified as severe. The median age of the cohort was 
24.5 years (Q1-Q3, 19-36 years), including a total of 29 
males (69%). Ten patients (38%) with severe malaria 
had associated comorbidities.
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Figure 1. Study flow chart.
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and bicarbonate levels (Table 2). Time trends for the 
measured parameters were plotted and the recovery in 
platelet counts was faster in the non-severe group, shown 
in Figure 2. There were three mortalities in the severe 
vivax group, all of whom developed acute kidney injury, 
and pulmonary infiltrates on chest X-ray and required 
mechanical ventilation. Those who died had decreased 
hemoglobin values (7.2 vs. 10 gm/dL, p = 0.004) and 
bicarbonate levels (13 vs. 22 mEq/L, p = 0.02), and 
elevated serum urea (136 vs. 55 mg/dL, p = 0.03) and 
creatinine levels (4.6 vs. 1, p = 0.02), compared to 
survivors.

3.3. Predicting severe malaria

Univariate logistic regression was used to find factors 
which could predict the diagnosis of severe malaria prior 
to the application of the diagnostic criteria (Table 3). 
The following findings were associated with the final 
diagnosis of severe vivax malaria: prolonged illness over 
7 days, symptoms of decreased urine output or dyspnea, 
examination findings of pallor or crepitations on chest 
auscultation. Other findings such as icterus, elevated 
serum urea, lactate and bilirubin levels, and infiltrates on 
chest-X ray are used to diagnose as severe malaria and 
hence not truly predictive.

3.1. Demographic characteristics and clinical presentation 

Patients with severe and non-severe vivax infections 
had a similar median age at presentation (29 vs. 22 
years, p = 0.15), sex distribution (73% vs. 65% males, 
p = 0.74) and mean duration of fever at presentation (8 
± 3.8 vs. 6.7 ± 3.2 days, p = 0.2). Patients in the severe 
vivax group were more likely to complain of decreased 
urine output (40% vs. 10%, p = 0.035) and shortness 
of breath (40% vs. 5%, p = 0.009). The duration of 
decreased urine output was over 2 days in severe 
vivax and up to 1 day in non-severe vivax infections. 
Majority of patients with severe vivax on examination 
demonstrated pallor (n = 18, 81%) and icterus (n = 
12, 54%), splenomegaly (n = 8, 36%), ascites (n = 5, 
22.7%) and altered sensorium with Glasgow Coma 
Score (GCS) < 11 (n = 4, 18%) (Table 1).

3.2. Biochemical parameters

The mean hemoglobin concentration was lower in 
the severe vivax group but did not reach statistical 
significance. Investigations that were used to classify 
patients were expectedly deranged in the severe vivax 
group: elevated leukocyte count, serum urea, creatine, 
total bilirubin, and lactate levels, and lower hematocrit 

Table 1. Clinical profile of severe and non-severe vivax malaria (n = 42)

Clinical feature

Symptoms
    Fever
    Headache
    Prostration
    Altered sensorium
    Decreased urine output
    Shortness of breath
    Nausea/Vomiting
    Pain abdomen
Examination
    Altered sensorium (Glasgow coma score < 11/15)
    Hypotension (systolic blood pressure <80 mmHg)
    Tachycardia (Heart rate > 100/min)
    Tachypnea (Respiratory rate > 30/min)
    Pallor
    Icterus
    Edema
    Skin rash
    Facial swelling
    Active bleed 
    Hematuria 
    Epistaxis
    Mechanically ventilated
    Hepatomegaly
    Splenomegaly
    Ascites
    Right upper quadrant tenderness
    Lung crepitations
    Bronchial breathing
Chest X-ray (CXR)
    Infiltrates on CXR
    Effusion  on CXR

   Non-severe vivax
   n = 20

   20 (90.9%)
   19 (86.4%)
   19 (86.4%)

0 (0%)
   2 (9.1%)
   1 (4.5%)

     5 (22.7%)
   1 (4.5%)

0 (0%)
0 (0%)

     5 (22.7%)
   1 (4.5%)

   10 (45.5%)
   2 (9.1%)
   1 (4.5%)

     3 (13.6%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

   1 (4.5%)
   2 (9.1%)

0 (0%)
0 (0%)

   1 (4.5%)
0 (0%)

   1 (4.5%)
0 (0%)

   Severe vivax
   n = 22

  22 (100%)
  22 (100%)
   19 (86.4%)

   2 (9.1%)
     9 (40.9%)
     9 (40.9%)

11 (50%)
     5 (22.7%)

     4 (18.2%)
     3 (13.6%)
   14 (63.6%)
     6 (27.3%)
   18 (81.8%)
   12 (54.5%)
     4 (18.2%)
     7 (31.8%)
     3 (13.6%)
     3 (13.6%)

   1 (4.5%)
   2 (9.1%)

     5 (22.7%)
     3 (13.6%)
     8 (36.4%)
     5 (22.7%)
     4 (18.2%)
     6 (27.3%)
     3 (13.6%)

     7 (31.8%)
     6 (27.3%)

    p-value
(chi-square or fischers' exact test, as appropriate)

 -
  0.47
  0.60
  0.48

    0.035
    0.009
  0.12
  0.19

0.1
  0.23

    0.016
  0.09
  0.02

    0.002
  0.34
  0.28
  0.23
  0.23

1
1

  0.02
0.6

  0.07
  0.04
0.1

  0.09
  0.23

  0.04
  0.02
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4. Discussion

According to the WHO malaria report, most malaria 
cases in 2018 belonged to the African region (213 
million, 93%), followed by the South-East Asian region 
(7.9 million, 3.4%) (8). The WHO South-East Asia 
region reports 53% of the P. vivax burden, with the 
most significant contributor being India (47%). P. vivax 
accounts for a third of all malaria cases in India, with 
around 380,000 confirmed cases in 2014 (9). Two-thirds 
of these arise in only five states: Jharkhand, Madhya 
Pradesh, Odisha, Uttar Pradesh, and Gujarat.
	 Prospective studies have shown that severe disease 
occurs in approximately 23% to 42% of vivax malaria 
infections (10,11). Thrombocytopenia is the most 

Figure 2. Trend of mean platelet count between severe and non-
severe vivax groups.

Table 2. Laboratory investigations in the severe and non-severe vivax groups

Hemoglobin (g/dL)
Hematocrit (%)
Platelet count (/µL)
Leukocyte count (/µL)
Urea (mg/dL)
Creatine (mg/dL)
Alanine aminotransferase (ALT, IU/mL)
Aspartate aminotransferase (AST, IU/mL)
Sodium (mEq/L)
Potassium (mEq/L)
Total Bilirubin (mg/dL)
Conjugated bilirubin (mg/dL)
Bicarbonate (mEq/L)
Lactate (mmol/L)
International Normalized Ratio (INR)

     Non-severe vivax
     Median (Q1-Q3)

     n = 20

11.2 (8.9 - 12.9)
      28.75 (24.15 - 36.525)

     39,500 (13,750 - 50,000)
4,559.5 (3,425 - 6,095)

    32 (19 - 57.75)
 0.8 (0.675 - 1)

         26 (20.75 - 34.75)
  36 (25.5 - 48)
 138 (136 - 141)

      4.15 (3.875 - 4.375)
1.05 (0.75 - 1.6)

      0.8 (0.45 - 1.075)
   22.8 (21.925 - 23)

        1.2 (0.875 - 1.475)
        1.18 (1.0925 - 1.285)

  Severe vivax
  Median (Q1-Q3) 

  n = 22

 8.3 (6.7 - 11.8)
  23.7 (20.225 - 29)

    29,000 (12,750 - 47,500)
  6,495 (4,290 - 9,550)
     95.5 (59.5 - 134.25)
     1.6 (1.05 - 4.575)
      34 (25.25 - 67.5)

47.5 (35 - 85.75)
       136.5 (134.25 - 140.75)

     4.85 (4.175 - 4.975)
     2.8 (1.15 - 5.075)

    2 (1.1 - 3.65)
     16.55 (13.325 - 20.85)

 1.95 (1.125 - 2.9)
   1.2 (1.115 - 1.4)

      p Value

  0.08
  0.02
  0.69
  0.04

      0.0001
      0.0006

  0.04
  0.03
  0.75

    0.004
    0.007

0.1
      0.0001

  0.01
  0.34

Table 3. Univariate logistic regression analysis to identify predictive factors for severe P. vivax infection

Parameter

Clinico-Demographic details
    Female sex
    Age > 29 years
    Duration of illness > 7 days
    Duration of hospitalization > 7 days
Signs and symptoms
    Decreased urine output
    Shortness of breath
    Pallor
    Icterus*

    Splenomegaly
    Creptitations on auscultation
Investigations
    Infiltrates (on chest X-ray)*

    Oxygen saturation < 92%*

    Hemoglobin < 7g/dL*

    Urea > 50mg/dL*

    Alanine aminotransferase (ALT) > 45 IU/L*

    Bilirubin > 3 mg/dL*

    Lactate > 2 mmol/L*

*These parameters are part of the WHO classification criteria and thus cannot be considered predictive.

   95% CI

 0.16 - 2.73
   0.77 - 10.04
   1.15 - 16.32
 0.53 - 6.68

   0.94 - 28.90
     1.50 - 120.78
   1.14 - 19.40
   1.71 - 51.03
   0.75 - 23.81
   0.77 - 66.63

   0.98 - 81.92
   0.15 - 22.75

     1.50 - 120.78
   2.88 - 91.83
 0.44 - 7.82
1.79 - 139

   1.42 - 21.94

   OR

    0.67
    2.78
    4.33
    1.88

  5.2
13.5

    4.72
    9.35
    4.25
  7.2

         9
    1.89
13.5

  16.28
    1.87
15.8
  5.6

     P-Value

  0.58
  0.11
  0.02
  0.32

  0.03
    0.003
  0.02

    0.003
  0.07
  0.04

  0.01
0.6

    0.003
      0.0002

0.4
    0.001
    0.009
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common "severe" manifestation of vivax infection (12). 
A prolonged history of fever, dyspnea, and oliguria 
were more frequent in severe vivax infections in the 
present study. Serum bilirubin and urea levels have 
been shown to carry good discriminatory performance 
for severe vivax malaria (11), and the mean duration 
of fever and tachycardia at presentation predict poor 
outcome (13).
	 Patients with severe vivax malaria had significantly 
higher serum urea and creatinine level indicating 
that patients with early renal impairment had a more 
severe course and poor outcome than those without 
renal impairment. Renal impairment is multifactorial, 
can be prerenal or intrinsic renal damage. Renal 
biopsy in vivax-associated acute kidney injury (AKI) 
shows patchy cortical necrosis, acute tubular necrosis 
(14), or thrombotic microangiopathy have also been 
reported (15). Icterus, splenomegaly, crepitations 
on auscultation, consolidation on chest X-ray, and 
hospitalization duration over 7 days predicted 
severity in vivax patients in our cohort. Similarly, 
tachypnea, elevated bilirubin and creatinine, and 
falling hemoglobin have been shown to be independent 
predictors of disease severity (16). Even though 
elevations in urea over 50 mg/dL and severe anemia 
(hemoglobin below 7 gm/dL) were associated with 
severity, these were used to classify the infection as 
severe and cannot be used as predictors. Mortality 
occurred in 7% of vivax infections, much higher than 
reported estimates of 0.3% to 1.3% (10,11).
	 Severe anemia occurs at comparable rates among 
P. vivax and P. falciparum, despite lower rates of 
parasitemia in vivax (17). This is attributable to 
increased destruction of non-parasitized red blood cells 
because of increased fragility, and a toxic effect on 
erythroblasts precursors (18). Parasite load is frequently 
unavailable, owing to low parasite density, prior 
treatment, or slide techniques.
	 The present study comprehensively assessed the 
clinical spectrum and risk factors associated with 
severity in P. vivax infections. However, our study's 
limitations include referral bias- the higher rates of 
severity may be attributed to the study being performed 
in a tertiary referral center. Since premorbid baseline 
investigations are not available for most patients, 
biochemical parameters associated with severe 
disease may be affected by comorbidities resulting in 
confounding. The parasite load could not be detected 
for most patients, possibly due to empirical treatment. 
We could not perform polymerase chain reaction (PCR) 
to establish mono-infection due to non-availability.
	 In conclusion, severe disease is predicted by delayed 
presentation (beyond one week) and findings of icterus, 
dyspnea, oliguria, and infiltrates on chest X-ray. Faster 
access to healthcare and education about early initiation 
of therapy may help prevent delayed presentation and 
subsequently severe vivax malaria.
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et al. Names of journals should be abbreviated in the style 
used in PubMed. Authors are responsible for the accuracy of 
the references. The EndNote Style of Drug Discoveries & 
Therapeutics could be downloaded at EndNote (https://www.
ddtjournal.com/examples/Drug_Discoveries_Therapeutics.ens).

Examples are given below:

Example 1 (Sample journal reference):

Nakata M, Tang W. Japan-China Joint Medical Workshop on 
Drug Discoveries and Therapeutics 2008: The need of Asian 
pharmaceutical researchers' cooperation. Drug Discov Ther. 
2008; 2:262-263.

Example 2 (Sample journal reference with more than 15 
authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of 
lung cancer: Collaborative analysis of individual data from 13 
European case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):

Shalev AY. Post-traumatic stress disorder: Diagnosis, history 
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6. Online Submission

Manuscripts should be submitted to Drug Discoveries & 
Therapeutics online at https://www.ddtjournal.com. The 
manuscript file should be smaller than 5 MB in size. If for any 
reason you are unable to submit a file online, please contact 
the Editorial Office by e-mail at office@ddtjournal.com.

7. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be sent to the 
corresponding author via e-mail. Corrections must be returned 
to the editor (proof-editing@ddtjournal.com) within 3 
working days.

Offprints: Authors will be provided with electronic offprints 
of their article. Paper offprints can be ordered at prices quoted 
on the order form that accompanies the proofs.

Page Charge: Page charges will be levied on all manuscripts 
accepted for publication in Drug Discoveries & Therapeutics 
($140 per page for black white pages; $340 per page for color 
pages). Under exceptional circumstances, the author(s) may 

apply to the editorial office for a waiver of the publication 
charges at the time of submission.

Misconduct: Drug Discoveries & Therapeutics takes seriously 
all allegations of potential misconduct and adhere to the 
ICMJE Guideline (http://www.icmje.org/recommendations) 
and COPE Guideline (http://publicationethics.org/files/Code_
of_conduct_for_journal_editors.pdf). In cases of suspected 
research or publication misconduct, it may be necessary 
for the Editor or Publisher to contact and share submission 
details with third parties including authors’ institutions and 
ethics committees. The corrections, retractions, or editorial 
expressions of concern will be performed in line with above 
guidelines.
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