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Abstract: The present paper proposes a prospective auxiliary treatment for sepsis. There exists
no record in the published media on the subject. As an auxiliary therapy, efficacious extracor-
poreal removal of sepsis-causing bacterial antigens and their toxins (BATs) from the blood of
septic patients is discussed. The principal component to this approach is a bacterial polyvalent
antibody-column (BPVAC), which selectively traps wide spectrum of BATs from blood in an
extracorporeal circuit, and detoxified blood returns back to the patient’s body. BPVAC treat-
ment would be a device of targeted medicine. Detoxification is performed under supervision of
trained personnel using simple blood-circulating machines in which blood circulates from the
patient to BPVAC and back to the patient aseptically. BPVACs’ reactive sites consist of carbon
nanotubes on which a vast spectra of polyvalent BATs-antibodies are bond to. The devise acts as
a biological filter that selectively immobilizes harmful BATs from intoxicated blood; however,
no dialysis is involved. For effective neutralization, BPVAC provides large contact surface area
with blood. BPVAC approach would have advantages of: 1) urgent neutralization of notorious
BATS from blood of septic patients; 2) applicability in parallel with conventional treatments;
3) potential to minimize side effects of the malady; 4) applicability for a vast range of BATs;
5) potential to eliminate contact of BATs with internal tissues and organs; 6) tolerability by
patients sensitive to antiserum injections; 7) capability for universal application; 8) affectivity
when antibiotic-resistant bacteria are involved and the physician has no or limited access to
appropriate antibiotics; and 10) being a single-use, disposable, and stand-alone device. Before
using it for clinical trials in human beings, it should pass animal evaluations accurately; however,
research works should optimize its implementation in human beings. For optimization, it needs
appropriate investments, collaboration of scientists in many fields of research, and develop-
ment through several interdisciplinary sciences such as medical engineering, nanotechnology,
immunology, biochemistry, emergency medicine, internal, and infectious diseases.
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Introduction

Severe sepsis and septic shock are the biggest causes of mortality in critically ill
patients."? For every three heartbeats, someone dies of sepsis. In the developing world,
sepsis accounts for 60%—80% of childhood deaths. Those who survive, both adults
and children, often struggle with life.> Sepsis ranks in the top 10 causes of death.*
It encompasses a spectrum of illness that ranges from minor signs and symptoms to
organ dysfunction and shock.>® According to the University of Maryland Medical
Center, the sepsis mortality rate is higher than 50% in some cases.’

Sepsis is a serious life-threatening bacterial infection of blood. It happens when
bloodstream is infected with bacteria. It can result from something as seemingly harmless
as a scraped elbow or from a more serious medical problem such as appendicitis, pneu-
monia, meningitis, or a urinary tract infection.'® In hospitalized patients, common sites of
initial infection include intravenous (IV) lines, surgical incisions, urinary catheters, and
bed sores.!*!! Anomalies in the pathways of immune, inflammation, coagulation, oxygen
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delivery, and utilization play a role in organ dysfunction and
death. If not treated, it is a serious convolution, an infection
characterized by complication throughout the body. It may
progress and get severely worse very quickly. Systemic
inflammatory response syndrome is called sepsis if accom-
panied by any confirmed source of infection.'>!* It occurs
in 1%—2% of all hospitalizations in the US, and it affects
at least 750,000 people each year.!” Sepsis can cause blood
clots and block oxygen from reaching vital organs, resulting
in organ failure.'>'* In many instances, it arises from infec-
tions throughout the body, including infections in the lungs,
abdomen, and urinary tract. It may come before or at the same
time as infections of the bone (osteomyelitis), central nervous
system (meningitis), heart (endocarditis), and other tissues.'*
Symptoms of septicemia can begin with chills, high fever,
rapid breathing, and rapid heart rate in which the person looks
very ill or even experiences a coma. The symptoms quickly
progress to confusion or other changes in mental status, red
spots on the skin (petechia and ecchymosis), adult respiratory
distress syndrome, adrenal collapse (Waterhouse—Friderichsen
syndrome), multiple organ dysfunction syndrome, and seri-
ous drop in blood pressure.'>'® Death rate of septic shock
is more than 50% for some infections.® Sepsis prognosis
depends on the bacteria involved and how quickly the patient
is hospitalized and treated."”

Conventional treatments for sepses
Sepsis is a medical emergency that requires hospitalization
of the patient admitted to an intensive care unit (ICU). Early
identification of septic patients allows for evidence-based
interventions. Several tests that can confirm sepsis include
blood culture, blood gases, CBC, clotting studies (PT, PTT,
and fibrinogen levels), CSF culture, culture of skin sore,
platelet count, and urine culture.>®!

In 2013, Dellinger et al'® issued the iteration of clinical
guidelines for the management of severe sepsis and septic
shock. Common treatments include antibiotics to treat the
infection, fluids and medicines by IV to maintain the blood
pressure and stabilize blood circulation, and oxygen and
plasma or other blood products to correct any clotting prob-
lems. In antibiotic therapies, patients’ survival depends to a
large extent on receiving successful treatment for the infec-
tion that led to sepsis, including broad-range antibiotics.*"?
Furthermore, death in the clinical setting often occurs
despite the use of antibiotics, resuscitation, and intensive
life support.'**

Plasmapheresis or plasma filtration?'*? has also been
evaluated in sepsis, however, having controversial results.

Busund et al tried to determine the therapeutic efficacy
and safety of plasmapheresis in the treatment of patients
with severe sepsis and septic shock.? In their evaluation,
106 patients were randomized and received either standard
therapy or an add-on treatment with plasmapheresis. They
observed that at the end of day 28, all-cause mortality rate
was 33.3% (18/54) in the plasmapheresis group and 53.8%
(28/52) in the control group; they concluded that risk reduc-
tion was 20.5% in the treated group. In a similar study, Long
et al used plasmapheresis to determine whether plasma
filtration improves 28-day survival in infants and children
with severe sepsis.?* They observed that ten (40%) children
died in the plasma filtration group and four (17%) died in
the control group. Such controversial results indicate that
further research is needed if plasmapheresis is to be used in
sepses treatment.

Difficulties in conventional

treatments of sepses

In patient with sepsis, it is clear that the faster the diagnosis
and treatment, the better the prognosis. There exist several
difficulties and consequences in conventional therapies
as: 1) time is crucial in resuscitation of septic patients; in
delayed treatments, patients may experience permanent
organ failure; for example, in lung infection (pneumonia)
with sepsis, patients may need respiratory support or septic
shock related to a limb infection patient may end up to limb
amputation;® 2) in improper antibiotic therapies, each patient
is likely to have the potential for complications related to
invasion of bacterial antigens and their toxins (BATs) to
internal organs, which may lead to organ dysfunction, dam-
age, or death; however, death is usually due to multiorgan
dysfunction (liver, kidney, or lung failure);!”2%%" 3) patients
are with overwhelmed immune response to infection;*
4) there exist complications in patients who are at greater
risk for infection such as people with diabetes,” cancer,
suppressed immune systems, and elderly patients;'*** and
5) there is spread of antibiotic resistance and the appearance
of multiple antibiotic-resistant pathogenic bacteria, such as
MRSA, which is an increasingly prevalent problem that
complicates the care of many patients.**3! However, several
more can be added to the above.

Proposed prospective treatment

The proposed auxiliary therapy is based on the application
of bacterial polyvalent antibody-column (BPVAC) for neu-
tralization of wide spectra of blood BATs known as causal
agents of prevalent types of bacterial sepses. As indicated
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in Figure 1, in the course of resuscitation of septic patients,
BPVAC behaves as the key unit. It would trap bacteria and
remove their toxins from the blood out of the body. BPVACs
perform as out of body detoxification for trapping of BATs
from septic blood and check them from returning back to
the patient’s body.

In this treatment, the blood of a septic patient is processed
while passing through the trapping device, BPVAC. The
procedure set in BPVAC approach is similar to that in devices
designed and reported by Shahidi Bonjar*>-* or in renal dialy-
sis machine®® used for patients with renal failure; however,
instead of dialysis membrane, the machine is equipped with
BPVAC. BPVAC involves no dialysis. BPVACs have vast

Figure | Schematic diagram of proposed setup for prospective auxiliary treatment
of sepses.

Notes: It uses BPVAC for removing BATs from the blood of septic patients. BPVAC
would work aseptically with the aid of a blood pump in a closed circuit. Main features
of the treatment would include (A) hand of septic patient, (B) blood removed from
artery, (C) arterial pressure monitor, (D) inflow sampling to detect BATs titer
before processing, (E) heparin pump (to prevent clotting), (F) peristaltic blood
pump, (G) pressure monitor indicating outflow pressure from the blood pump,
and (H) BPVAC, the central component of the treatment, designed to trap and
immobilize BATs from infected blood. BATs would adhere to BATs-antibodies, and
hence, would be trapped inside the column. (I) pressure monitor indicates outflow
pressure from BPVAC, (J) air detector and air trap, (K) outflow sampling to monitor
BATSs titer by appropriate serological tests, and (L) detoxified blood returns to the
vein. All tubing and BPVAC would be applied aseptically; however, they are single-
use and would be properly disposed of after treatment.

Abbreviations: BPVAC, bacterial polyvalent antibody-column; BATs, bacterial
antigens and their toxins.

internal surface areas for direct contact with blood to trap
and immobilize BATs. BATs-polyvalent-antibodies would
adhere on contact surfaces of the reaction platforms inside the
column. BATs-polyvalent-antibodies would be specifically
manufactured against BATs of prevalent sepses.

Passage of blood through BPVAC immobilizes BATs
on stationary BPVAs. Similar to renal dialysis machine,
blood circulates from the patient to BPVAC and from there
back to the patient in a closed circuit till BATs are depleted
enough from the blood. The BATs level in blood returning
to the body would be monitored by appropriate serological
tests. Use of BPVAC as an auxiliary therapy along with
conventional treatments would improve the therapy outcome
since: 1) BPVAC diminishes BATs in blood and minimizes
the duration of their contact with internal vital organs and
2) when BPVAC is used, the major titer of BATs in blood
would be depleted rapidly, and hence, the efficacy of con-
ventional treatments, especially antibiotic therapies, would
enhance. Such a dual therapy may decrease sepsis side
effects. Considering that time is a key factor in resuscitation
of intoxicated patient, BPVAC may act as a lifesaving device
in infectious blood diseases when the physician has limited
choice of antibiotic therapy due to microbial resistance and/
or lack of appropriate antibiotics.

When sufficient research in animal evaluations proved
positive, BPVAC would be evaluated in human cases under
meticulous supervision of appropriate specialists. BPVAC
may serve as an emergency resuscitation device in emer-
gency ambulances to treat septic shock patient in situ, and it
may also be implemented in ICUs of hospitals. The period
needed for BPVAC treatment depends on BATS’ titers in
blood before it returns back to the body; however, optimi-
zation studies should set the procedure details. BPVAC is a
single-use and stand-alone device that would be appropriately
disposed of after each detoxification therapy.

Proposed structural specifications
of BPVAC

BPVACs would be manufactured as single-use, disposable,
and stand-alone devices. They would be biotechnologically
engineered for BATs involved in prevalent sepses. As a
polyvalent column, BPVAC harbors wide spectra and suf-
ficient amounts of BATs-antibodies to trap BATs internally.
As indicated in Figure 2, a BPVAC would be aseptically
manufactured to have the following main features. It has
an inlet and an outlet for blood and a column cylinder
that confines a stack of thousands of monovalent antibody
plates (MAPs) around its center axis. Each MAP consists
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Figure 2 Prospective structural components of a BPVAC.

Notes: BPVAC traps and withdraws BATs in an extracorporeal manner from the blood of septic patients with the help of a blood-circulating machine. (A) Dissected BPVAC,
consisting of (a) inlet (intoxicated blood from septic patient enters the column by the help of blood-circulating machine), (b) outlet (detoxified blood leaves the column
to return back to the patient), (c) column cylinder, (d) MAPs, and (e) center axis (stacks MAPs in place). (B) A MAP (manufactured from biocompatible organic polymers
consisting of an extensive lattice); it bears center spacer (f) and lateral spacers (g) (to keep the MAPs apart). Lattice frame is composed of subunits. (C) A lattice subunit (h).
(C’) Cross-section of a lattice subunit bearing millions of nano carbon-rods (i) on its surface. (D) Surface topology of a nano carbon-rod (antibody—antigen reaction platform).
(D’) Cross-section of a nano carbon-rod harboring antibody conjugated moieties (j). (E) Antibodies conjugated to supporting moieties. (E’) Monovalent antibodies (k)
adhered to moieties. (F) BATs (I) trapped to their antibodies and removed from the blood. Detoxified blood returns back to the patient.

Abbreviations: BPVAC, bacterial polyvalent antibody-column; BATs, bacterial antigens and their toxins; MAPs, monovalent antibody plates.

of an extensive lattice of biocompatible organic polymers.
MAPs harbor millions of nano carbon-rods on their entire
surfaces. Nano carbon-rods, which act as antibody-BATs
reaction platforms, are coated with monovalent antibodies
via supportive intermediate moieties. Stacking of BPVACs
with MAPs takes place in the manufacturing factory. Each
type of MAP harbors one specific kind of antibody that has
been immunologically prepared against one specific kind
of antigen present in BATs. Types and number of each of
various MAPs to stack in the column depend upon factors
determined through immunological investigations. While
column is in action, each nocent antigen coagulates with

its specific antibody on the relevant MAPs and would be
immobilized and trapped from blood thereafter.

BPVAC approximations in action

Each MAP is engineered for a specific antigen it has to
trap. The number of MAPs per each BPVAC depends on
the maximum titer of relevant antigens to trap; however,
such information would be provided through appropriate
toxicological and immunological investigations. Just as
an approximation, the number of specific MAPs per each
BPVAC may exceed hundreds and the total number of all
MAPs per each BPVAC may exceed several thousands.
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Assuming 50 um thickness (including spacers) and 5 cm
diameter for each MAP, and 10,000 MAPs per BPVAC, the
maximum height and volume of the column would be about
50 cm and 400 cm?, respectively. With such approximations,
the column may have an internal volume to hold 500 mL of
blood. The volume of involved connection silicone-tubes
may not exceed 100 mL. Thence, for an average-sized septic
adult, the total volume of blood being processed at a given
point of time would be about 600 mL. The flow rate may be
300-500 mL/min in which about 18-30 L of blood would
pass through BPVAC/h. Considering a duration of 3 hours
per treatment, approximate volume of blood passing through
BPVAC would be ~54-90 L. Under such circumstances, if
circulating machine and BPVAC perform as defined, there
exists a high chance of convenient extracorporeal detoxifica-
tion of the majority of the BATs; however, the settings would
be adjusted according to the optimization studies.

Clinical significance

Effective removal of BATs from the blood of patients with
sepsis may be a lifesaving therapy. Any delay or failure in
such a vital treatment may make the patient disabled or lead
to death. The major clinical significances of BPVAC, which
may justify its application as an auxiliary therapy, are: 1) its
capability for parallel application along with conventional
treatments; 2) it may minimize sepsis side effects; 3) the
procedure may be administrable for a vast range of BATs;
4) it may minimize the period of contact of notorious antigens
with internal tissues and organs; 5) it may be well tolerated
by patients sensitive to antiserum injections; 6) it may have
a high chance of effectiveness because there is no need to
identify the BATs prior to administration, since it would
be designed to contain almost all antibodies for almost all
sepses-known antigens; 7) it would be a disposable stand-
alone device, which would be biotechnologically engineered
for prevalent BATs involved in known sepses maladies; 8) it
is expected that BPVAC in dual therapy may shorten recov-
ery periods (In other words, in conventional therapies, BATs
remain internal even when deactivated by antibiotics, while
in BPVAC therapy, they are immobilized out of the patients
body.); 9) it may lower the chance of many amputations and
permanent disabilities, which are the result of delayed detoxi-
fication; 10) while optimized, it would be a ready-to-use
device; in other words, no preliminary preparation is needed
for its immediate implementation and while needed; 11) it
would have the potential to become an emergency medical
device for emergency ambulances and emergency care units
in hospitals; 12) since aseptically made for a single-use, it
reduces the chance of further infections; and 13) removal of

the major content of toxic antigens from blood in a relatively
short period of time may make it indispensable in sepses
therapy. While optimized, BPVAC detoxification treatment
may attain capability for universal application in remediation
of septic patients. The authors believe that BPVAC approach
holds great promise to reduce the time, effort, and expense in
sepses research and therapy. They also believe that it would
save more septic lives than conventional remedies do.

Disadvantages and probable

side effects

While BPVAC treatment can be efficient at removal of
sepsis-causing BATs from blood, patients may suffer from
some side effects. Although not every septic patient may
confront diverse side effects, treatment team can help the
patients to avoid some of the discomforts. Similar to kid-
ney dialysis,”” the side effects are usually contributed
to the amount and speed of blood removal. In this regard,
BPVAC patients may face with two major side effects and
their consequences. These side effects include a) hypoten-
sion: drop in blood pressure may go along with abdominal
cramps, muscle cramps, shortness of breath, or vomiting;
such symptoms can be eased by adjusting the treatment
prescription and b) new infections: aseptic management of
the treatment and proper care should be taken to prevent
such further complications.

Period of treatment

In BPVAC procedure, the treatment duration depends on
the concentration of BATs in blood. The blood leaving the
column should be sampled and examined for titer of BATs
by the use of serological tests. The treatment duration will
last till the patient’s overall health is improved or set by the
physician; however, standardization procedures should be
developed through appropriate investigations.

Optimization protocol

Appropriate research works would be needed to gain optimized
performance from the application of BPVAC procedure along
with conventional treatments such as antibiotic therapies.
Before human application, optimized protocols should be
revealed in animal investigations. The optimization studies
in animals would pave the path for optimization in human
cases. At present, any prediction about an optimized protocol
may have no validity for real treatments.

Sanitation concerns
BPVAC setup would be single-use. All the components in
contact with the blood, including the column, vein sets, and
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silicone connection-tubes, are to be single-use and would
be properly disposed of after each treatment. However,
the ready-to-use BPVAC pack would be presterilized by
gamma or electron-beam radiation during manufacturing
process.

Further prospective

Application of PVAC holds promise to effectively improve
patients whose health is threatened by the invasion of delete-
rious agents in their blood. PVAC methodology may serve
similarly in other blood maladies in which prompt removal of
detoxification of systemic antigens and notorious molecules
(as in poison intoxication) has high priority. Such columns
would have stationary antibodies or trapping molecules for
removal of the target agents. Application of PVAC as an
auxiliary treatment along with conventional therapies may
lead to enhanced improvement of patients’ health; however,
in such a concomitant therapy, conventional treatments may
work more efficiently.

Evaluation of the hypothesis

It is clear that before implementation of BPVAC in human
beings, it should be evaluated in animals; however, research
works would pave the route of its use in human beings.
Animal experiments under appropriate ethical obedience
should mimic human sepses cases to the best possible. For
clear deductions, statistical evaluations would have five
treatments, including: 1) healthy, untreated; 2) septic, treated
with conventional therapies; 3) septic, treated with BPVAC
alone; 4) septic, treated with dual therapy (conventional plus
BPVAC); and 5) septic, untreated. Treated animals should go
through lifetime for investigating side effects on internal vital
organs such as liver, muscles, spleen, kidneys, lungs, heart,
and brain. Special attention should be placed on investigating
nephrotoxicity (kidney), hepatotoxicity (liver), and hema-
tological toxicity (blood) responses. The effectiveness of
BPVAC in animal investigations would then allow the use of
BPVAC on volunteer human beings. When proved effective,
BPVAC could be used as a procedure to assist many septic
patients. It is anticipated that since BPVAC encompasses the
widest spectrum of sepses antibodies, it may act as a suitable
choice for physicians in treating sepses.

Conclusion

Bacterial sepsis is a serious medical emergency, and delays
in treatment can become life threatening. The authors believe
that if meticulous investigation of BPVAC proves positive,
application of BPVAC will reduce human casualties due to

septic shocks. BPVAC may become an important adjuvant
to conventional treatment for reducing mortality in such
patients. It may set a new therapeutic protocol in treating
similar systemic diseases. BPVAC in combination therapy
may improve therapeutic efficacies of conventional therapies
and so the well-being of treated patients. BPVAC would
shorten recovery periods since it selectively traps notorious
antigens from patient’s blood in a short period of time as low
as 2-3 hours. BPVAC may justify its presence as a neces-
sary device in emergency and ICUs in hospitals. BPVAC
is anticipated to reduce time, effort, and expense in blood
detoxification therapies. The authors believe that controlled
application of BPVAC prevents many human casualties,
which conventional methods alone may not.

BPVAC approach is different from plasmapheresis
(removal of blood plasma, including antibodies and
proteins). As described, BPVAC selectively removes sepses
antigens and toxins for which it has been manufactured;
it has no interference with normal blood-proteins and
antibodies.

To minimize probable side effects of BPVAC approach,
appropriate treatment prescription, aseptic management
of the treatment, and proper care should be taken to check
further complications. Before human application, optimized
protocols should be deduced from animal investigations. In
the process of manufacturing the BPVAC pack, it would be
sterilized by the use of gamma or electron-beam radiation.
With the hope to lower human casualties and serve sepsis
patients, BPVAC pack may be considered a lifesaving
device in emergency ambulances, departments of infectious
diseases, and ICUs of hospitals.

The authors hope that BPVAC will set smile to the face
of remediated patients and physicians and personnel who
thrive to bring health back to their patients.

Dedication

We dedicate this paper to patients who would be resuscitated
with BPVAC and get back to their families and healthy
normal lives, and also, we dedicate it to the physicians and
scientists whose attempts bring this desire to reality.

Disclosure

The authors declare that they have no financial and personal
relationships with other people or organizations that can inap-
propriately influence their work. There is no professional or
other personal interest of any nature or kind in any product,
service, and/or company that could be construed as influenc-
ing the position presented in this article.
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