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The article presents analysis of the most frequent diseases, characteristic for the tropical zone. The
general factor defining diseases severity and even their outcome is endotoxemia associated with
development of multiple organ insufficiency and drug therapy isn't always effective. It defines
indications for extracorporeal detoxification and thus membrane plasma exchange is the most
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INTRODUCTION

According to WHO reports up to 16 million people die every
day from infectious diseases worldwide. Of these, 10-12%
needs intensive care in the result of infectious toxic shock,
toxic encephalopathy and lesions of other vital organs.
Infectious diseases occur in 400-800 / 100,000 of the
population and are responsible for morbidity and mortality in
40-70% of cases, especially in developing countries (Mbugi et
al., 2012; Gao JH, Huang RG, 2016; Rai, 2018). This is largely
due to diversity and drug resistance of many pathogens, as well
as their combinations and comorbidity (Nii-Trebi, 2017;
Sokhna et al., 2017; Osakunor et al., 2018). In the countries of
the tropical zone there is a group of diseases specific to this
region. This mainly applies to various infectious diseases
caused by a variety of pathogens such as viruses, bacteria,
parasites, as well as poisoning, including those caused by
snake and insect bites.

Infectious diseases: There are practically no infectious
diseases not accompanied by significant intoxication, the latter
usually determines the condition severity, being the main
mechanism of tanatogenesis, significantly affecting the overall
outcome of the disease. The structure of endotoxicosis consists
of bacterial endo- and exotoxins, products of inflammation and
tissue destruction from primary foci of inflammation entering
the circulation, secondary metabolic disorders, the same as in
septic complications (Voinov, 2013, 2016; Jeong et al,
29018). Clinical manifestations of various infections are
various, as well as the diverse affinity and selectivity of organ

lesions in the result of endotoxicosis. In some cases, the most
severe toxic lesions are of the myocardium (diphtheria), in
others — of the liver (viral hepatitis, leptospirosis), kidneys
(hemorrhagic fever with renal syndrome), brain (tick-borne
encephalitis, botulism, typhoid-paratyphoid infections).
Intestinal infections are often accompanied by dehydration
syndrome with disorders of the central and peripheral
hemodynamics. However, in most cases, there are combined
lesions of many organs and systems.

Hepatitides: In particular, development of acute liver failure
in viral hepatitis is facilitated not so much by the direct impact
of viruses that damage hepatocytes as by a cascade of
metabolic disorders with accumulation of highly toxic
products. A special danger is the fulminant form of hepatitis
with massive liver necrosis, which was previously called
"acute yellow liver atrophy". Cytotoxic agents thus support
active autolysis of hepatocytes with suppression of all
regeneration processes. Developing "lysosomes explosion" and
release of the active cyto- and proteolytic enzymes causes
progressive autolysis and hepatocytes necrosis followed by
conversion of the liver failure into hepato-cerebral one.

The endotoxins accumulation explains the naturally developing
acute renal failure (hepato-renal syndrome), accelerating the
onset of complete multiple organ failure. In acute hepatitis the
genesis of neurological disorders is mostly affected by
endotoxins, accumulating as the liver failure develops.
However, we cannot exclude direct damaging effects of
hepatitis viruses on the elements of the central nervous system,
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especially since both antibodies against hepatitis C virus and
the RNA of the virus itself were detected in the cerebrospinal
fluid traced even during the following year (Jayakumar et al.,
2013; Haffar et al, 2017; Tosone et al., 2018). Severe
endotoxicosis causes secondary toxic immunodeficiency,
which further weakens the patient's resistance to infection,
inhibits the production of specific antibodies. There are
evidences that intensive therapy of acute hepatitis with
intravenous infusions of high doses of immunoglobulins
contributes to hypogammaglobulinemia development in the
later period (up to two years), which is a predisposing factor in
the chronization of the viral infection (Tateishi et al., 2004).
All this makes detoxification and apheresis therapy highly
recommended at the height of endogenous intoxication
syndrome manifestations, along with measures for
immunostimulation by photo therapy, use of indirect
electrochemical oxidation of the blood, which also has a
bactericidal effect in addition to detoxification. Carrying out a
massive membrane plasmapheresis with removal of up to 3500
ml of plasma in severe hepatitis B leads to clarification of
consciousness, disappearance of euphoria, adynamia,
headaches, drowsiness, tremor, tachycardia, the level of
transaminases normalized. In the absence of positive dynamics
repeated procedures of plasmapheresis were performed (Li et
al., 2005). At the onset of hepatic coma massive membrane
plasmapheresis with removal of up to 5 liters of plasma proved
most effective, which contributed to decrease of bilirubin
levels by 40%, ammonia by 70%, methionine, phenylalanine
and tyrosine by 60% and endotoxins by 20%. Unlike
hemodialysis and hemofiltration, membrane plasmapheresis
more fully removes high-molecular toxic products, including
autoantibodies and immune complexes formed in the severe
course of hepatitis B and exacerbating the damage of
hepatocytes. It is also possible to combine the use of
hemosorption and plasmapheresis in the treatment of fulminant
liver failure complicated by hepatotoxic encephalopathy (Li et
al., 2014; Koch et al., 2017).

Leptospirosis:  Severe forms of ictero-hemorrhagic
leptospirosis are often accompanied by infectious-toxic shock
with hemorrhagic syndrome on the 5th-6th day of the disease.
With help of plasmapheresis it was possible to reduce the rates
of intoxication; coagulogram improved, especially in DIC
syndrome on the stage of hypocoagulation. Plasmapheresis
also prevented development of multiple organ failure (Cerdas-
Quesada, 2011). Valbonesi (1986) with help of massive
plasmapheresis with the removal of up to 2.8 liters of plasma
also managed to stop acute renal-hepatic insufficiency in 33 of
36 patients. Plasmapheresis was particularly effective in
development of respiratory distress syndrome with pulmonary
hemorrhage (Siriwanij et al., 2005; Fonseka and Lekamwasam,
2018).  Plasmapheresis was more effective  than
hemodiafiltration (Tse et al., 2002).

West Nile fever: In recent years cases of virus-induced West
Nile fever have increased, penetrating the hemato-encephalic
barrier and causing severe meningitis, encephalitis, flaccid
paralysis with frequent fatal consequences (Samaan et al,
2016). Specific therapy has not yet been developed. However,
not only direct viral damage to the nerve structures plays a role
in the pathogenesis of the disease, but also general toxic effects
(Lim et al, 2011), which is already an indication for
extracorporeal detoxification, especially since deaths are
preceded by development of severe respiratory distress
syndrome (Morrey ef al., 2012). But even after recovery there

are quite severe neurological disorders such as systemic
autoimmune demyelinating diseases with severe muscle
weakness on the background of characteristic foci of the brain
lesions (Cook et al., 2010; Loeb et al., 2011), which also raises
the question of apheresis therapy use. Indeed, a course of
plasmapheresis can achieve a significant improvement in
neurological status (Leis and Stokic, 2012; Cooper and Said,
2014)

Hemorrhagic fever with renal syndrome: South-East Asia is
the endemic area of this viral disease (Jang H ef al., 2016).
Development of hemorrhagic syndrome on the background of
infectious-toxic shock and acute renal failure is characteristic
(Pal et al., 2018). Using plasma exchange in the volume of 0.9
circulating plasma volume (CPV) with partial replacement of
fresh frozen donor plasma leads to best results than isolated
dialysis therapy (Clement J et al., 2018). Positive results were
also provided by plasmapheresis before hemodialysis.

Rickettsioses: In South-East Asia fever caused by rickettsiosis
tsutsugamushi and close to it "Bush" fever (scrub typhus) are
common and they are transmitted by tick bites. It is manifested
by symptoms of nervous system involvement (encephalitis,
meningitis), heart, kidneys, lungs, stomach and intestines with
bleeding and severe endotoxemia until multiple organ failure.
Untreated 35-45% of cases are fatal (Rahi et al, 2015;
Chakraborty and Sarma, 2017). Pregnant women often
experience intrauterine growth retardation and preterm birth
with high perinatal mortality (McGready R ef al., 2014).

Chagas disease: The South American continent is
characterized by Chagas disease, a chronic heart disease
affecting more than 16 million people and resulting from
infection with the protozoan parasite Trypanosoma cruzi
(Bahia MT et al.,, 2104). It should be born in mind that the
pathogen can be transmitted from mother to fetus, and with
blood transfusions from infected donors. Moreover, even in
non-endemic regions of Ecuador and Bolivia, about 1/4 of
donors are positive to the presence of T. cruzi. For a long
period this parasite can stay in the blood, regardless of the
clinical condition, especially since most infected are
asymptomatic and can be in the ranks of donors. The
incubation period of the disease lasts up to 114 days. Tourists
visiting countries located between 400 North latitude (Texas)
and 430 South latitude (Argentina), as well as immigrants from
these regions can get this disease.

The first line of therapy is the use of benznidasol and
nifurtimox for 60-90 days. However, they have a sufficiently
high hepatotoxicity and are accompanied by allergic reactions,
eosinophilia, leukopenia, neurological and gastrointestinal
disorders, anorexia, which often required treatment
discontinuation (Bahia et al., 2014; Pérez-Molina et al., 2013;
Urbina, 2015). After the acute phase of the disease, manifested
by esophageal bleeding, often after 20-30 years there are signs
of lesions of the esophagus (dilatation), colon (megacolon) and
the heart with inflammatory cardiomyopathy and severe
dilatation of the heart cavities, congestive heart failure,
thromboembolism, stroke and lethal outcome (Vannucchi et
al., 2015). Histological examination revealed diffuse
myocarditis with degeneration of cardiomyocytes, combined
with fibrosis, mononuclear infiltration and damage to the
elements of the cardiac conduction system in the absence of
parasites themselves (Bocchi et al., 2017; Pérez-Molina AND
Molina, 2018). These data indicate a high probability of
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autoimmune pathogenesis of this disease. Autoantibodies
affect the G-protein receptors of the myocardium, such as f3-
adrenergic receptors and M2 acetylcholine receptor. There is
evidence of structural (antigenic) proximity of the
immunodominant ribosomal protein of this parasite and PB1-
adrenoreceptor, which indicates a possible cross-molecular
mimicry of these two proteins, which makes antibodies,
naturally developed against this parasite, react in the future
with the structures of their own tissues of the heart muscle
(Bonney and Engman, 2015; De Bona et al., 2018). In addition
to myocardium, antibodies produced against T. cruzi antigens
cross-react with antigens of the endothelium, neurons of the
brain and cerebellum, peripheral nerve trunks. This suggests
that such "autoantibodies" are actually heterogeneous in
nature, but react with autoantigens due to the proximity of the
antigenic structure of the parasite and the host. In this case, the
usual "triple" therapy (azathioprine, prednisolone and
cyclosporine) can even reactivate this chronic parasitic
infection. Given the autoimmune nature of endotoxemia
background, plasmapheresis can also be used in treatment of
this severe pathology. This is very important for patients who
have undergone an acute phase of the disease and consider
themselves recovered. However, the removal of such
antibodies with help of plasmapheresis will be to some extent a
guarantee to prevent later autoimmune lesions.

Ebola, Marburg hemorrhagic fever: In recent years, there
have been reports of severe course of a number of hemorrhagic
fevers caused by Ebola and Marburg viruses, accompanied by
intoxication and severe shock with mortality up to 70-90%,
since the treatment of these infectious diseases remains
practically symptomatic (Rougerton et al, 2015). The
pathogenesis of these complications is based on release of a
number of cytokines from leukocytes (tumor necrosis factor,
interleukins 2, 6, 8) and other biologically active toxic
compounds that damage the permeability of the vascular
endothelium with development of toxic edema, which
contributes to shock and multiple organ failure (Martines et al.,
2015). All these factors justify the use and methods of
therapeutic apheresis, in particular using lectin-affine
plasmapheresis (Biittner S et al., 2014).

Dengue-viral infection: Dengue virus infection is the leading
cause of morbidity and mortality in tropical countries
(Dissanayake and Senevirantne, 2018). Over the past 50 years,
its frequency has increased 30 times, affecting up to 100
million people and taking up to 22,000 lives (Byard, 2016). In
its pathogenesis, autoimmune disorders with release of
autoantibodies and toxic cytokines, including NSI-protein,
which lead to cell death by apoptosis and pyroptosis, play an
important role (Suwanmanee and Luplerlop, 2017). In case of
the clinical signs of thrombotic thrombocytopenic purpura,
neurological disorders such as Guillain-barré syndrome and
glomerulonephritis, plasmapheresis is also used (Agarval et al.,
2017; Bastos et al., 2018).

Zika-virus infection: Zika arbovirus is close to the Dengue
virus from the Flaviviridae family and is also transmitted by
mosquito  bites. It causes lymphadenopathy  and
thrombocytopenia, conjunctivitis, fever, arthralgia and myalgia
up to multi-organ failure, as well as acute neurological
disorders up to development of Guillain-Barré syndrome and
multiple organ failure (Calvet GA et al, 2016; Boyer
Chammard et al, 2016). In pregnant women it leads to
miscarriages and defects in fetal development such as

microcephaly with intracranial calcification and sensory
hearing loss (Leal MC et al., 2016). The main foci of infection
are in the tropical zone, but the first patients appear in the more
Northern latitudes. There is no specific antiviral treatment and
only supportive symptomatic therapy is used(Hamel R et al.,
2015). In severe cases, especially in case of Guillain-Barré
syndrome plasmapheresis is also used, which is confirmed by
our own clinical experience (Pinheiro et al., 2016; Arias et al.,
2017].

Malaria: Malaria is a real devastator for people, especially
those living in tropical regions. This is mainly related to the
tropical form of malaria caused by Plasmodium falciparum,
which accounts for 98% of malaria deaths (Componovo ef al.,
2017; Mutsigiri et al., 2017; Soto-Calle et al., 2017). Its crises
are accompanied by severe endotoxemia with coma, acute
renal and respiratory failure associated with infectious and
toxic shock. Children and pregnant women are particularly
affected (Dhingra et al.,, 2010). All this makes extracorporeal
detoxification methods indicated. Of course, the main method
of treatment of infectious diseases remains etiotropic therapy —
with antibiotics, but they are not always effective enough.
Therefore, hemosorption can greatly help, which, in addition to
effective detoxification, provides capture of pathogens from
the flowing blood preventing them to return to the body.
However, only decontamination and detoxification are not yet
able to restore the patient's immune potential. If the body itself
is unable to resist the infection, then no antibiotics will help.
And here the plasma exchange comes to the fore, which, in
addition to removing all pathological and toxic compounds
effectively restores the immune system by replenishing the
removed volume with donor fresh frozen plasma. Such tactics
of primary detoxification and decontamination using
hemosorption with subsequent plasma exchange appears to be
the most justified (Voinov, 2016). An auxiliary role is played
by methods of indirect electrochemical oxidation and
ozonation of the blood, potentiating detoxification, and photo-
hemotherapy (UV and laser irradiation of blood), having an
immunostimulating effect. In general, antibiotics and other
expensive drugs intake is significantly reduced as well as the
period of patients stay in intensive care units, total duration of
treatment, and mortality is reduced.

Poisonings: Various poisonings also pose a danger. They are
very diverse both by the nature of exogenous toxic substances,
the mechanisms of their effects on different tissues and organs,
and by methods of their penetration into the body — inhalation,
with water, food, through the skin. There may be various
lesions of the entrance gate areas such as burns of the mucous
membrane of the upper respiratory tract and respiratory
parenchyma in case of inhalation lesions, chemical burns of the
oral mucosa, esophagus and gastrointestinal tract in case of
oral poisoning, chemical burns of the skin in case of
percutaneous penetration of toxic substances (TS). Food
poisoning is often caused by Salmonella (Toyofuku H, 2008).
However, there are also significant general homeostasis
disorders due to direct toxic effects of the penetrated TS, as
well as secondary metabolic disorders, depending on the
mechanisms of TS damaging effects.

Poisonous mushrooms: The greatest danger is posed by
Amanita phalloides, secreting amatoxin poison, causing liver,
kidney failure and coagulopathy with mortality up to 27%
(Trakulsrichai et al, 2017). With the onset of hemolysis
caused by poisonous fungi, there is a sharp increase in the
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concentration of free hemoglobin with renal function blockade.
The most frequent is lipid peroxidation disorder with
accumulation of toxic end-products and suppression of the
antioxidant system, reducing the level of superoxide
dismutase, o-tocopherol, and ceruloplasmin. Activity increase
of proteolytic enzymes, in particular peptidases, is
accompanied by an increase in the level of medium-molecular
oligopeptides and molecules with the presence of free radicals
in their structures. Appearance of circulating toxic products
damages membrane potentials with excitation of platelet
aggregation ability; it promotes the release of histamine and
serotonin, which triggers a further cascade of reactions of DIC
syndrome. Endotoxicosis is accompanied by secondary toxic
immunosuppression. In some cases, there is a selective hepato,
nephro- or neurotrophic effect, most often, especially in the
terminal phase of disorders, multiple organ failure develops
with a number of vicious circles, when the damaged
hepatocytes further disrupt the processes of natural
detoxification, and the lesion of glomerular or tubular renal
apparatus slows the excretion of both the primary damaging
agent and secondary products of impaired metabolism. In
almost all cases of poisoning the use of apheresis therapy is
pathogenetically justified, and plasmapheresis is in such cases
the most universal method, even in cases where dialysis can be
used to remove low-molecular weight TS (acetic acid, phenol),
but rapidly advancing metabolic disorders with accumulation
of medium and large-molecular toxic substances cannot be
stopped by dialysis. Severe organ disorders thus contribute to
the formation of "lethal synthesis" products even more toxic
than the primary xenobiotics. With help of high-volume
plasmapheresis performed with replacement of the removed
volume with fresh frozen donor plasma in a ratio of 1: 1, it was
possible to stop extremely severe Amanita phalloides
poisoning and hepatic coma (Mydlik et al., 2013; Lu et al.,
2018). Sometimes it is necessary to remove up to eight liters of
plasma to adequately reduce the levels of ammonia, urea and
amino acids and relieve hepatic coma (Clemmesen et al.,
2001).

Scorpion Dbites: Severe intoxication associated with
cardiogenic shock, pulmonary edema, brain disorders and
multiple organ failure with fatal outcome occurs after scorpion
bites (Cupo, 2015; Amr et al, 2017). All this makes
plasmapheresis  indicated according to the ASFA
recommendations (Schwartz et al, 2013). Thus, with help of
plasmapheresis 57% of patients were saved, while after
standard drug therapy — only 14% survived (Mostafdazadeh,
2017]

Asian giant hornet bites: Severe renal-hepatic insufficiency
develops after Asian giant hornet bites (the world's largest
variety of wasps). It is possible to develop both acute toxic
myocarditis and pulmonary edema with frequent fatal outcome
(Kularatne et al., 2014; Liu et al., 2016). Only after intensive
treatment with plasma exchange and hemofiltration it is
possible to restore these organs functions (Zhang et al., 2013;
Yuan et al, 2016). But sometimes in the later period
neurological disorders (severe akinetic-rigid syndrome) may
develop, for the relief of which plasmapheresis was also used
(Leopold NA et al., 1999).

Venomous snake bites: Every year from 1.2 to 5.5 million
people suffer from bites of poisonous snakes, and in the
tropical zone — at least 500,000, of which more than 100,000
die (Gutiérrez et al, 2017). Indeed, in such cases, severe

poisoning occurs due to development of microangiopathic
hemolytic anemia, thrombocytopenia and multiple organ
failure (Keyler, 2008; Ho et al, 2010). With help of
plasmapheresis it is possible to significantly reduce both
general and local manifestations of such poisoning (Moujahid
A et al, 2009; Hatten BW et al, 2013).

Conclusion

In the countries of the tropical zone, covering South America,
Africa, Asia and Polynesia, there are a number of specific
diseases that are still not fully understood, although many of
them are accompanied by a high level of mortality. This is
largely determined by the lack of etiotropic and pathogenetic
treatment, limited to symptomatic therapy only. Nevertheless,
the clinical picture of severe intoxication, up to multiple organ
failure, dictates the need to perform extracorporeal
detoxification and immune correction using plasmapheresis. It
should be recognized that nowadays these issues do not raise
significant questions and debates, and only the weakness of the
material base and the lack of trained professionals, prevent the
wider use of apheresis therapy and extracorporeal
detoxification in the practice of infectious medical institutions.
This task can be solved by simple and safe methods of
membrane plasmapheresis using portable "Hemophenix"
devices produced by Treckpor Technology Russian companies.
This is facilitated by the small volume of filling, and their one-
needle connection to any peripheral veins, including in infants
(Voinov, 2013, 2016).
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