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Abstract

Antibiotic resistance has become increasingly relevant problem over the past decades. Due
to stagnation in the development of novel antibiotic drugs, resistance to antimicrobials poses
an increasingly severe threat to the health of the general population. Overuse in humans
(including prophylactic use), in veterinary medicine, and ecological sources including

farming are the main causes driving antibiotic.

The bacteria that pose the greatest threat to human health because of their growing resistance
to antibiotics are the members of the Enterobacteriaceae family, particularly Escherichia coli
and Klebsiella species. Due to the continuously increasing number of infections caused by
multidrug-resistant Enterobacteriaceae due to its ease of transmission among humans and
from environmental sources, the understanding of the epidemiology of these strains and their

mechanisms of resistance are key components in the fight against these infections.

One alternative/complement to antibiotic therapy is the wuse of bacteriophages.
Bacteriophage/phage therapy harvests naturally occurring lytic bacteriophages (bacteria-
infecting & lysing viruses), which can be isolated from regular environmental reservoirs, to
target and destroy pathogenic bacteria in a human host. Bacteriophages are known foe their
minimal distortion of the surrounding microbiome community due to them being highly

specific, infecting only a narrow range of targeted bacterial strains.

This paper outlines the methodologies of identification of bacteria, the virulence factors,
susceptibility tests for antibiotics, resistance against antibiotics, basics of bacteriophage
therapy, and the susceptibility to bacteriophages. The results of the practical study carried

out with E. coli is attached as well.

Keywords: Bacterial morphology, Bacterial Virulence, Antibiotic resistance, Multi-Drug

Resistance, Bacteriophages, Phage therapy, Phage susceptibility.

Purpose

The study was conducted to determine methods of isolating and classifying of bacteria;
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testing antimicrobial susceptibility; determining bacteriophage susceptibility testing.
Implications of bacteriophages in treating Multi-drug-resistant (MDR) or Pan-drug-resistant
(PDR) organisms were explored.

Introduction

Antibiotic resistance has become increasingly relevant problem over the past decades. Due
to stagnation in the development of novel antibiotic drugs, resistance to antimicrobials poses
an increasingly severe threat to the health of the general population. Overuse in humans
(including prophylactic use), in veterinary medicine, and ecological sources including

farming are the main causes driving antibiotic.

The bacteria that pose the greatest threat to human health because of their growing resistance
to antibiotics are the members of the Enterobacteriaceae family. In the recent years there
have been multiple outbreaks of such bacteria in the developed countries. The most notable

bacteria being Shiga toxin-producing Escherichia coli (STEC) O157:H7.

The most recent STEC outbreak occurred in Denmark earlier this year. The Statens Serum
Institut (SSI) reported that nine people had been hospitalized and an elderly patient died.
The first confirmed infection was recorded on Dec. 3, 2021, and the latest possible case was
reported on Jan. 4, 2022. [1]

STEC O157:H7 are food-borne zoonotic bacteria that express Shiga toxins (Stx) 1 and 2 and
cause gastroenteritis. STEC is infectious at very low doses and can cause illness in humans
including severe abdominal pain, cramping and watery diarrhoea which may become bloody.
[2] In approximately 3-7% of cases, infection with STEC may lead to haemolytic uraemic
syndrome (HUS). HUS is characterised by acute renal failure, haemolytic anaemia,
thrombotic thrombocytopenic purpura and is fatal. Children less than five years of age, the

elderly and the immunocompromised are at greater risk of developing HUS. [3]

This study attempts to replicate the standard procedures applied for the identification of
bacteria, the virulence factors, susceptibility tests for antibiotics, resistance against
antibiotics, basics of bacteriophage therapy, and the susceptibility to bacteriophages. The

bacteria utilised in the practical lab work is a non-pathogenic strain of Escherichia coli.

Method Isolation of Escherichia cili
A typical culture is done by the calibrated loop technique delivering approximately 0.01 ml.
ofinoculum, and cultured on MacConkey agar or Cystine - Lactose Electrolyte - Deficient

(CLED) agar medium to obtain isolated colonies.

The bacteria are cultured on various agars, the results are noted. The results of some selective
agars are indicated in Figures 1, 2, 3, 4.
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The presence or absence of growth, colour, whether they are mucoid or non-mucoid and
Table 1. Characteristics of E. coli on several Agar Mediums

Eosin Methylene

Cultural Nutrient Agar MacConkey Agar | Blood Agar
Blue (EMB) Agar
Characteristics Medium (NAM) medium Medium
medium
Shape Circular Circula Circular Circular
.
Size 1-3 mm 2-3mm 2-3 mm 1-3 mm
+
Elevation Convex Convex Convex Convex
Smooth (fresh Smooth (fresh Smooth (fresh Smooth (fresh
isolation) ; Rough | isolation) ; Rough | isolation) ; Rough | isolation) ; Rough
(repeated (repeated (repeated (repeated
Surface subculture) subculture) subculture) subculture)
mucosd mucoid mucoxd mucoid
(capsulated (capsulated (capsulated (capsulated
strains) strains) stramns) strains)
- =
Green metallic
Color Greyish white Pink Greyish white
sheen
Transiucent - Transiucent -
Structure Opaque Opaque
Opaque Opaque
p-Hemolysis (in
Hemolysis — — —
SOMe stramns
Smooth form Smooth form Smooth form Smooth form
Easily Easily Easily Easily
emulisifiable, emuisifiable emulsifiable emulsifiable
Emulsifiability Rough forms Rough forms Rough forms Rough forny

Autoaggiutinable,

hence do not

emulsty ecanly

Autoaggiutinable
hence do not

emuistly eanly

virulence factors for E. coli:

a.
b.

Autoaggiutinable
hence do not

emulsity easily

Autoagglutinable

hence do not

emulsify easily

Type 1 Adhesins (detected via mannose sensitivity)

consistency of colonies
produced by each isolate
the

observed and recorded. E.

on media are
coli shows characteristic
features in specific agars

as noted in Table 1.

The isolates are further
identified usings tandard

microbiological methods.

All Gram-negative
isolates that show
positive  results  for
motility, lactose
fermentation, indole

production, and inability
to utilize citrate as a sole
carbon source are defined
as E. coli and stored in

Nutrient Agar.

Detection of virulence
factors

There are 6 main

Capsule Formation (detected via combined positive and negative staining method)

Type P Fimbriae mediated Hemagglutination (detected via RBC agglutination)
Haemolysin (detected via blood agar plate haemolysis method.)
Cell Surface Hydrophobicity (detected via ammonium sulphate clumping method)

Gelatinase/ protease activity (detected via opacity in mercuric chloride flooded gelatine

agar)

g
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Antimicrobial susceptibility testing

It is imperative that culture and susceptibility tests be carried out
on infecting pathogen prior to treatment, in order to avoid
treatment failure and reduce selective pressure that could result

in the spread of pathogenic E. coli in the environment.

e Isolates are tested for antimicrobial susceptibility by using the
Figl-lsotgion of E.colifrom other bacteria standard disk diffusion susceptibility test. Bacterial strains are

cultivated in LB broth at 37°C until they reached a concentration of about 5 x 108 cells/mL.
Cultures are streaked onto the surface of an agar plate, using a
sterile cotton swab in three different directions. Sterile paper
disks (6 mm in diameter) are applied onto the surface of the plate

and spotted with eleven different antibiotics:

Amoxicillin (250 pg), trimethoprian/sulphamethaxole (25 pg),
nitrofurantoin (300 pg), gentamycin (10 pg), nalidixic acid (30

pg), ofloxacin (30 pg), Augmentin (30 pg), tetracycline (30 pg),

Fig 2. Characteristic green sheen on EMB Agar

erythromycin (15 pg), norfloxacin (10 pg), and ciprofloxacin (10
ug).

The plates are refrigerated at 4 °C for 30 minutes to ensure adequate diffusion of the
antibiotics before incubation at 37 °C for 18 h. The diameters of inhibition zones are
measured in millimetres, and interpreted in accordance with the manufacturer's

recommendations.

Minimum Inhibitory Concentration (MIC)

The MIC for E. coli isolates is determined by the dilution
method. In dilution tests, microorganisms are tested for their
ability to produce visible growth in microtitration plate wellsof
broth containing serial dilutions of the antimicrobial agents.
The lowest concentration of anantimicrobial agent that shows

inhibition of growth of a microorganism is known as MIC.

For bacteriophage therapy, 2 main criteria are taken into

N

Fig 3. Classic Golden Sheen on Endo Agar - consideration: Bacteriophage susceptibility (via lysis assay),

Minimum inhibition concentration (via titration protocol).
Bacterial Cell Lysis Assay

The lytic effect of the phage cocktail on bacterial strains is assessed through the
measurement of optical density. Phage cocktails are added to LB broth supplemented
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with CaCl2 containing exponential-phase bacterial strains.

The suspensions are incubated at 37°C and are measured at 0 and every 60 min over 6 h. A
positive control sample is carried out by inoculating the bacterial
strain without adding any phage cocktail. A negative control
sample consisting of inoculated phage cocktail without any

bacteria is also included in each assay.

Optical density formed by the growing of bacteria in 6 h is

Fig 4. Pink colonies on MacConkey Agar d€teérmined. This value integrates the carrying capacity, the
growth rate and the contribution of initial population in a single data.

Strain sensitivity to phage is evaluated by
observing the type of clarification zone
onto double layer LB agar plates: the
formation of clear plaques is high phage
sensitivity and turbid plaques are

calculated as low phage sensitivity.

Fig’5 806, Anitimicrabial susceptibility trdfing;Anfimicrobisls i oumerical ordes:
Erythromycin, Ceftriaxone, Gentamycin, Ampicillin, Imipenem, Amikacin
Appelmans’ bacteriophage titration protocol
Bacterial isolates are introduced to progressively higher
concentrations of bacteriophage mixture until the evolved
cocktail can lyse the phage-resistant strains.

Results

The sample of E. coli demonstrated complete resistant to
erythromycin and intermediate susceptibility to ampicillin and

= amikacin. Refer Figures 5 & 6. The sample had intermediate
e -_—
Fig. 7. Bacteriophage susceptibility testing for Pyo phage

susceptibility to Pyo bacteriophage. Refer Figure 7.

Conclusion
Antibiotic resistance has become an unavoidable stumbling block in the treatment of
microbes. Judicious use of antibiotics and treatment with bacteriophage may be the future of

clinical practices.

Bacteriophages have been proven to work even when there is multi or pan-drug resistance.
Eg Dissanayake et. Al. conducted a susceptibility test [4] for the resistant bacteria E-coli
(O157:H7 strain Ec231) with a manufactured bacteriophage (E. coli O157:H7-specific

bacteriophage preparation labelled as EcoShield PXTM). The researchers concluded that
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by Day 3, for all groups that received bacteriophage therapy, viable E. coli O157:H7 counts
dropped below thedetection thresholds.

Similar results have been obtained for combination of pre-adapted bacteriophage therapy
and antibiotics for treatment of pandrug-resistant Klebsiella pneumoniae. [5]

In a Preclinical study of bacteriophage therapy as prophylaxis and treatment of Infection
Caused by Staphylococcus aureus, phage therapy was applied as prophylaxis in a first phase,
the infection was eradicated in six out of eight animals receiving phage in saline. In the

control group, infection was eradicated in only one out of seven. [6]

It is necessary for the medical community to intensively introduce bacteriophages as an

alternative to traditional antibiotics.
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Abstract
This paper shows what is epilepsy and the fMRI studies which provide an assessment of

epilepsy-induced changes to the functional connection of the neuron population in the brain.
fMRI is based on the BOLD contrasting.

FC (Functional connectivity) is defined as similarities in BOLD signals in spatially remote

areas of the brain. FC was assessed in the patients in the resting state.

A statistically significant decrease in FC in epilepsy was seen between the anterior part of the
cingulate gyrus, the basal ganglia, and areas of temporal opercula on both sides. At the same
time, FC between areas of the inferior frontal gyrus, superior parietal gyrus, and dorsal AN

on both sides was increased in epilepsy patients as compared with the control group.

Data obtained in the left-sided TE (Temporal epilepsy) and control group showed that the
main node of reduced FC in patients was the area of the temporal operculum on the left.
Also, FC in epilepsy was increased by the amygdaloid body on the left and the superior
parietal gyrus on the right, as well as the middle frontal gyrus on the left and the lateral

occipital cortex on the right.

In patients with right-sided TE, decreased FC was seen in the insular cortex on both sides
and the frontotemporal area on the right. Also, in comparison with indicators in the control
group, an increase in FC in the sub-group of patients with right-sided TE was seen between
the temporal and parietal areas on the left and between the ventral part of the anterior

cingulate gyrus and angular gyrus on both sides.
Keywords: Epilepsy, fMRI, Functional connectivity, Resting state.

Introduction

In 2014, the International League Against Epilepsy (ILAE) defines epilepsy as “Epilepsy is a
disease characterized by an enduring predisposition to generate epileptic seizures and by the
neurobiological, cognitive, psychological, and social consequences of this condition”,
additionally, epilepsy is a diagnose for people if they have: 1) At least two unprovoked

seizures occurring greater than 24 hours apart 2) One unprovoked seizure and a probability
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of further seizures similar to the general recurrence risk (at least 60%) after two unprovoked

seizures, occurring over the next 10 years (1; 2).

This paper shows the fMRI studies which provide an assessment of epilepsy-induced changes
to the functional connection of the neuron population in the brain. fMRI is based on the
BOLD contrasting i.e., determination of the signal defined by the ratio of oxyhaemoglobin
to deoxyhaemoglobin in the blood. This ratio shows the intensity of neuron activation in the

brain area that is under the investigation.

Method

The method for analysis of functional connectivity (FC) can be divided into two main groups:
Model dependent and Model independent. The model implies a section of an area of the brain
for the study where changes in the FC are identified by correlation analysis of corresponding
BOLD signals. The second type of FC analysis is based on dividing time sequences for
multidimensional BOLD signals from all voxels in brain images by the sum of a statistically
maximally independent component. Each such component can be interpreted as the
distribution of the neural network of the brain whose area shows a similar activity pattern.

Such networks recorded in the resting state are termed resting-state networks.

A total of 43 people in the age group of 18-50 years with focal epilepsy took part in the
studies. The focus of epileptic activity in 32 patients was located in the Temporal lobe of the
brain (TE group) while the focus of 11 patients was located in the Frontal lobe of the brain
(FE group). The control group consists of 32 healthy patients without any neurological or

mental disorders. All three groups were comparable in terms of age and sex.
The inclusion criteria were signed informed consent.

The exclusion criteria were contradictions for MRI scans, alcohol and drug dependence, and

severe uncompensated somatic and neurological diseases other than epilepsy.

Result

Analysis of fMRI data in patients identifies all the resting state networks known: The Default
Mode Network (DMN), Attention Network (AN), The auditory Network, The Visual
Network, The Language Network (LN), The Sensorimotor Network (SMN), The Lateral
Frontoparietal Network (LPN), and The Salience Network (3).

With the resting state networks, the difference in FC was found to affect the posterior part
of DMN, The Salience Network, The Dorsal part of the AN, and The LN.

A statistically significant decrease in FC in epilepsy was seen between the anterior part of the
cingulate gyrus, the basal ganglia, and areas of temporal opercula on both sides. Also, FC
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between the inferior frontal gyrus, superior parietal gyrus and dorsal attention network
(AN) of left and right hemisphere was increased in patients with epilepsy compared to the

control group (3).

Data obtained in the left-sided TE and control group showed that the main node of reduced
FC in patients was the area of the temporal operculum on the left. Also, FC in epilepsy was
increased by the amygdaloid body on the left and the superior parietal gyrus on the right, as

well as the middle frontal gyrus on the left and the lateral occipital cortex on the right.

In patients with right-sided TE, decreased FC was seen in the insular cortex on both sides
and the frontotemporal area on the right. Also, in comparison with indicators in the control
group, an increase in FC in the sub-group of patients with right-sided TE was seen between
the temporal and parietal areas on the left and between the ventral part of the anterior

cingulate gyrus and angular gyrus on both sides.

In the group of patients with FE, all significant differences compared with the control group
were linked with increases in FC between brain areas. The main nodes of increased FC in

patients were located in the temporoparietal areas on both sides.

Conclusion
The study analyses FC between brain areas and networks in patients with frontal and

temporal locations of epileptogenic foci.

FC is defined as similarities in BOLD signals in spatially remote areas of the brain. FC was

assessed in the patients in the resting state.

The most marked fMRI feature in patients with TE as compared with the control group was
a decrease in the FC of the insular cortex and the temporal opercula. Increased functional
connectivity in the left dorsal attention network with the temporal and parietal areas of the
cerebral cortex was particular for right-sided TE. The latter also produced a decrease in FC

between the anterior part of the cingulate gyrus and the basal ganglia.

Thus, the focus of epileptic activity has the localization and lateralization that determine the
pattern of functional connectivity between these areas and neural networks of the brain of

patients with focal epilepsy.
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Abstract

Electrocardiogram (ECG) is a painless noninvasive diagnostic modality assessing the
electrical activity of the heart. ECG interpretation is usually taught in courses that focus on
adults. Though the electrical waveforms and the basic approach to ECG interpretation are
similar for pediatric and adult patients, the progressive changes in anatomy and physiology
taking place between birth and adolescence results in some differences in normal heart rates,
interval durations and ventricular dominance. Therefore, detection of these age-dependent
differences is critically important to avoid errors in the ECG interpretation and provide an
effective care to our patient. Presented in this review are interpretations of normal ECGs of

children and adults specifically focusing on the gradual age related differences.
Keywords: electrocardiogram; electrical activity; pediatric; progressive changes

Introduction: An Electrocardiogram (ECG) is a graphical representation of the electrical
activity of the heart during a cardiac cycle. A 12-lead ECG is a voltage vs time graph using
ten electrodes attached to the chest and limbs that detects the small electrical changes that
are a consequence of cardiac muscle depolarization followed by repolarization during each
heartbeat. It helps in measuring the functioning of the heart and if interpreted wisely, it aids

in the diagnosis of conduction, anatomical, metabolic and electrolyte abnormalities in heart.

The conduction pathways of a child’s heart are similar as those of an adult’s heart so the
waveforms (P, QRS, T) and the intervals (PR interval, QRS interval, QT interval) are labeled
in the same fashion. The major element distinguishing the pediatric ECG and adults’ ECG is
the dimension of age because the heart of a neonate differs significantly anatomically and
physiologically from an adult’s; the gradual maturational changes occurring over the early
childhood years result in differences in heart rate, interval durations and ventricular

dominance.

Graph 1 and Graph 2 demonstrates the differences between a normal neonatal and an adult
ECG respectively. The ECG must be interpreted using a systematic approach and must assess
the following parameters: Heart rate, rhythm, P-wave, PR interval, QRS complex, ST

segment, T wave, U wave, QTc interval, and ventricular dominance.
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Main Text

Heart Rate: Infants have a smaller heart size, decreased stroke volume and a decreased blood
volume so they require a rapid heart rate (120-160 beats per minute) to produce an adequate
cardiac output. This rate gradually declines with age when the heart size grows and the stroke

volume increases, leading to normal heart rate of 60-100 bpm in an adult.

Rhythm: A normal sinus rhythm refers to three consecutive heartbeats displaying identical
waveforms (P-wave, QRS complex and T-wave) indicating the origin of the impulse is the
same (Sino atrial node). Any deviation from the normal sinus rhythm which is not

physiologically justified is considered an arrhythmia. In children, tachyarrhythmia or
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secondary arrhythmia (due to toxic ingestion or hypoxemia) are more common than the
primary arrhythmias (caused by mutations in genes primarily encoding ion channels) which
are much common in the adults. The low prevalence of pediatric arrhythmias in general may

make appropriate therapy more challenging because of unfamiliarity.

P wave: The appearance, amplitude and duration of the P wave representing the atrial
depolarization changes very little during the lifetime and has identical reference values in
infants and adults. The P wave duration is 120 ms and is always positive in lead II if it is a
sinus rhythm with an amplitude <2.5mm while in lead V1 it may be biphasic due to negative
deflection caused by depolarization of the left atrium and has an amplitude <1.5mm. Atrial
abnormalities include P-pulmonale (Right atrial enlargement with P wave amplitude >2.5
mm in lead IT or >1.5 mm in V1) and P-mitrale (Left atrial enlargement if duration of P wave

is prolonged).

Due to faster heart rate and shorter distances to travel in small sized heart in neonates, the

intervals are comparatively shorter than the adults.

PR interval- The PR interval extends from the beginning of the P wave until the beginning
of QRS complex. The mean PR interval at birth is 107 ms (Davignon et al) which reduces to
98 ms by the age of 1 month due to changes in sympathetic and parasympathetic tone.
Subsequent atrial growth and changes in the autonomic balance result in successive increase
in PR interval after 1 month of birth and is normally between 120-200ms in adults.
Assessment of the PR interval is the same in pediatric and adult patients. Prolonged PR
interval (>200 ms in children) is consistent with first degree AV block while short PR interval

than the age specific lower normal limit (<120 ms) suggests pre-excitation.

QRS complex: The QRS complex represents the ventricular depolarization and is comprised
of Q, R and S waves. QRS axis tends to vary with age as well and is correspondingly more

rightward in the children-

e At birth: +60 to +180 degrees
e At year: +10 to +100 degrees
e Above 10 years: -30 to +90 degrees

QRS duration is <80 ms at birth and then it gradually increases. The short QRS duration
in pediatric patients is due to relatively small mass of the myocardium. During development,
the ventricular mass increases leading to longer QRS duration. AS for adults, prolonged QRS
duration is indicative of conditions like Bundle branch block (Right BBB, Left BBB), pre-

excitation and hyperkalemia.
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Ventricular dominance: In utero, lungs are filled with amniotic fluid and do not participate
in gas exchange due to presence of patent ductus arteriosus so the intrauterine pulmonary
vascular resistance is correspondingly high while the systemic vascular resistance is low by
the virtue of placental circulation. As the fetal heart is pumping blood to a high resistance
pulmonary circuit in which the lungs are collapsed and constricted, the right ventricle must
produce a pressure equal to the pressure of the left ventricle. This is reflected as the right
ventricular dominance (thicker walls than the left ventricle) in the newborn. This
dominance can persist up to the age of 3 years and is reflected on a 12 lead ECG by the
presence of a right axis and dominant R waves in the right precordial leads so the R wave
voltages are greater than the S wave voltages. After birth, PDA closes and the pulmonary
vascular resistance falls, the right ventricle doesn’t require to produce the same level of
pressure so the muscularity recedes and the right ventricular dominance diminishes while

the left ventricle gradually becomes dominant.

ST segment: The ST segment is isoelectric and extends from the J point (end of QRS complex)
to the onset of T wave and has a duration of 80 ms. ST depression <0.5mm in limb leads are
considered normal in healthy children but ST depression with horizontal or downsloping ST
segment are considered more alarming in adults. Normal ST segment elevation and early
repolarization manifest in the same way in children and adult. Acute myocardial infarction
can be seen as a result of ST elevations in adults but is rarely seen in children while

perimyocarditis is the most common cause of chest pain with ST elevations in children.

T wave: The T wave reflects the rapid repolarization of contractile cells (phase 3). The T
waves pattern, particularly in precordial leads are quite different throughout the childhood
with a progressive change in T wave axis. There is upright T waves for the first week after
birth which become inverted within 7 days in the right precordial leads (V1-V3R) and
gradually becomes upright again during adolescence. In the intermediate leads (V2 and V3),
the T waves are inverted in early childhood and there is a progression to the T wave
becoming upright in the sequence V3, V2, V1. The absence of T wave inversions in these
leads develops a suspicion of right ventricular hypertrophy. The T wave in the leads V5 and
V6 are upright in all ages and an inversion is suggestive of left ventricular hypertrophy except

for the neonates (1-3 days) when the T waves are flat or inverted in these leads.

U wave: The U wave is a positive wave occurring after T wave caused by repolarization of
the interventricular septum. It occurs occasionally and has an amplitude one-fourth of the T
wave’s amplitude. Assessment of the U wave in children does not differ from that in adults.

It appears during slow heart rate in leads V2- V4 and in individuals with prominent T waves.
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QT interval and QTc: The QT interval is highly influenced by the heart rate i.e., faster rate
shortens the interval. Thus, to adjust for the rate effect on the QT interval, there is a need of
using ‘corrected” QT or QTc which is calculated by Bazett’s equation [QTc = QT interval/
square root of RR interval in seconds]. This is necessary because lethal arrhythmias may
result from congenital prolonged QT syndrome and use of antiarrhythmic drugs (digitalis,
quinidine, procainamide etc) that prolong the QT interval. Ventricular tachycardia are
associated with short QTc caused due to hypercalcemia or digoxin use but Congenital short

QTec interval (short QT syndrome) is usually rare.
Result
Developmental changes can be seen in ECG-

1)  Gradual decrease in the heart rate from >100 bpm in children to 60-100 bpm in adults
because heart size, stroke volume and blood volume increase so heart does not require to fast
rate to compensate for the cardiac output.

2)  Gradual lengthening of PR interval from <120 ms in children to 120-200 ms in adults
due to decrease in heart rate and increase in distance of conduction.

3) Gradual lengthening of QRS interval due to increase in mass of myocardium in adults.
4)  Shift from right ventricular dominance because right ventricle no longer requires to

produce same level of pressure against pulmonary circuit.

Conclusion

The major differences in ECG interpretation in child and adult lie with the maturation
changes that occur over early years of childhood. By using age-appropriate reference ranges,
these differences center on a faster heart rate that gradually slows with age, shorter normal
intervals that prolong with age and decline in right ventricular dominance. Recognition of
these differences between pediatric and adult ECG interpretations is crucial to provide

appropriate care to different age groups especially to infants and children.
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Abstract

The rising global prevalence of oncological pathologies has posed significant challenges to
the healthcare industry, forcing it to seek better alternatives and implement a
multidisciplinary approach to various casualties. Hadron therapy or "Particle therapy," is a
new and highly effective radiation treatment for deep-seated, complicated tumours that are
inoperable due to their eccentric locations and radio-resistant properties. It differs from
traditional methods in using highly accelerated protons and carbon atoms instead of X rays
or gamma rays to deliver radiation. The use of protons and carbon atoms in Hadron provides
three advantages over traditional therapies: a) They have high target specificity and do not
confer radio-resistant properties to tumour cells; b) They pass through healthy tissues with
minimal damage and release their energy at target site, known as "Bragg peak" causing
multiple, irreversible DNA breaks. c) The radiation biology of protons and carbon atoms
allows treatment of variety of tumours that would otherwise be resistant to X-rays at doses
prescribed by standard medical protocols. Hadron has successfully treated over 60,000
patients, with no post-operative complications reported to date. The importance of this
technology is highlighted among paediatric patients, who are more likely to have critical
organ damage as a result of irradiation. More than 150 hadron centres are operational around
the world, with Tbilisi, Georgia set to become the 'Regional Hub of Hadron Therapy' in the
South Caucasus. According to the National sources of Georgia, the Hadron centre would be
set up in the city of Kutaisi, where it will be the "leading provider of advanced cancer
treatment in entirety of Caucasus region.” With further advancements in research, cost
control, and reducing the complexity of equipment, Hadron is soon expected to establish

ground-breaking results in Cancer treatment.
Keywords: Hadron therapy, Bragg peak, No-relapse, Minimal healthy tissue damage.
Introduction

Hadron therapy, also known as the 'Particle Therapy,' is a novel technique for treating
cancers of various types. It differs from traditional radiotherapy in employing particles with
varying radio-physical properties. As of now, it stands as one of the most effective treatment

methods for specialized cancers that are otherwise difficult to treat with standard medical
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procedures, such as liver and pancreatic cancers, chondromas, chondrosarcomas, eye
melanomas, paediatric solid tumours, head and neck cancers etc. For irradiation, this therapy
primarily uses protons as well as the nuclei of certain light elements such as Carbon, Neon,
Helium, Oxygen, and so on. Although research into the radio physical properties of other
elements is ongoing, only protons and carbon ions are currently used in the clinical settings.
The use of protons and carbon ions over that of traditional X- rays is advantageous primarily
due to 3 main reasons: 1) These particles can penetrate the healthy tissues with minimal
diffusion ensuring no disturbance being caused to their biochemical and physiological
properties thereby, causing minimal damage 2) The particles tend to concentrate and release
all their energy at once at the target site, a phenomenon called as the Bragg Peak, which
ensures multiple, irreversible damage to the DNA of the tumour cells thereby, eliminating
their chances of regeneration and 3) The radiation biology of carbon ions, allow them to
deposit 24 times more energy in the Bragg peak region in comparison to protons which makes
their effect even more efficient and durable. This effect can be further quantified by
enhancing the Radio Biological Effectiveness (RBE) that helps in overcoming the radio-
resistant properties of some tumours encountered during the treatment with X-rays at

prescribed medical doses.
The Clinical Set-Up

The Hadron setup outperforms all other single-room-contained machineries, necessitating
thousands of square meters of space and costing medical organizations billions of dollars. The
use of particle accelerators, such as the Cyclotron or Synchrotron, which are machines
weighing hundreds of tonnes and occupying meters of space, adds to the complexity of this
setup. The particle accelerators are the most crucial components owing to this technology.
They are used for accelerating particles at high speeds and energies; confining them into a
single beam, allowing them to be directly outsourced and transported into the patient's body
at the tumour site. The following components are required for the construction of the Hadron

Center:

1) Ion source/injector — In charge of injecting particles into the accelerators;

2) Accelerator for particles ;

3) Outsourcing unit — This unit transports the accelerated particles to their proper
destinations;

4) Research area — In charge of maximizing the radio-physical properties of the particles used
and exploring newer materials for eliciting therapeutic results;

5) 2-3 gantries — These are connected to the irradiation chamber where the patient is treated.
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The 'Gantry,' is a highly advanced mechanical arm equipped with heavy magnets responsible
for focusing the charged particles in a linear fashion towards the target, playing a major role
in irradiation. This cutting-edge technology is outfitted with motion sensors and is controlled
by sophisticated computer software that allows it to rotate 360 degrees around the patient,

enabling it to irradiate tumours from various angles.
Case Study

Jessica, a 10-year-old girl who came to the Cancer Center for a second opinion, presented
with a tumour measuring 3.7 x 3.5 x 7.7 cm in her right mandible. A biopsy of the tumour
had been performed at another hospital revealing histologic characteristics of both Ewing
sarcoma and osteosarcoma, making initial diagnosis challenging. On performing another
biopsy, the clinical signs and symptoms for Ewing sarcoma were confirmed. Given the
tumour’s size and location, complete resection was difficult and hence, recommendation for

proton radiation therapy was made by the radiation oncologist.
Result

The patient’s young age and the location of tumour made her the best candidate for the
treatment. In case of treatment with traditional radiation therapy, the consequences would
have been perilous for the patient, with damage to the mouth, salivary functions, inhibition
of bone growth, spread of irradiation toxicity to the surrounding healthy tissues and so on.
The use of Hadron therapy proved highly successful in minimalizing the oral toxicity with
minimal side effects noted like difficulty in swallowing and opening of mouth; which were
reversible with the appropriate physical therapies and medications. According to the medical
specialists, the use of proton therapy, enabled them to comfortably tackle post-therapeutic

complications which were otherwise tedious to handle with conventional radiation.

The radiation oncologist responsible for Jessica’s treatment quoted that, “If she had gotten
conventional radiation therapy, she probably would have had significant issues on both sides
of her face considering the tumour location. Proton therapy allowed us to focus on the area
that needed to be focused on and avoid toxicity to other areas conferring success to the overall
treatment.” - Rochelle Bagatell, M.D., chief of the solid tumour section at the Philadelphia

Cancer Center and Jessica’s oncologist.
Global Reachability of the Hadron Centres

Hadron centres have grown in popularity over the last few decades, with more than 150
centres in operation around the world and another 50 on the way. The world's first hospital-

based proton therapy centre was established in the United Kingdom, and since then, a large
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number of centres have been established throughout the United States, the United Kingdom,
a large number of European countries, Japan, Korea, China, and India. Thbilisi, Georgia is
preparing to open its first ever Hadron Centre in the Kutaisi region, where it will provide
advanced cancer research and treatment to the entire Caucasus region. The Georgian Hadron
project is expected to cost $40 billion and is fully funded by the Cartu Foundation, an
international charitable organization founded by Bidzina Ivanishvili's family with the goal

of assisting Georgia's development.

This Hadron Centre is expected to contribute to the country's development in the following
ways: 1) Provide advanced cancer treatment to Georgians in their own country 2) Raise the
country's scientific and medical development level. 3) Attract international patients to

increase medical tourism.
Future Scope for Hadron
Currently, three major factors limit the global availability of this treatment:

1) high cost;
2) extensive infrastructure;

3) limited medical coverage.

Although extensive research has been conducted in a number of hadron centres around the
world in order to develop effective strategies for dealing with the problems, concrete
solutions have yet to emerge. In the near future, Hadron is expected to be the cutting-edge
technology for dealing with cancers, based on the development of effective strategies to

address these issues.
Conclusion

Hadron therapy is an emerging branch of medical physics serving as the alternative for the
traditional Radiation Therapy. Its minimal tissue damaging property, high target specificity,
ability of reducing long term side effects and inability of conferring radio-resistant properties
to tumour cells makes it one of the best-known therapies for dealing with specific type of
cancers that are otherwise untreatable with standard medical procedures. Its significance is
most apparent amongst the paediatric population where damage to the surrounding tissue
can be of critical importance when treated with traditional radio-therapy. As of now,
numerous Hadron centres are operational worldwide with many more one the way. By
thereby, controlling certain critical factors like the cost of treatment, huge infrastructural
set-up and broadening medical coverage this therapy is said to achieve ground-breaking

results in the field of medicine.
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Abstract

Schizophrenia, globally recognized and familiar psychiatric disorder which accounts for
affecting 1% of the worldwide population including incidents of positive, negative symptoms
and certain impairments. The severity is held due to the intense behavioral symptoms which
have the least possibility of being cured and continue throughout the patient’s life. This
affects not only the social relationships but also a huge threat to their career and other potent
fields which can result into fatalities. The disorder predominately is prevalent during the
teen years of the patient and this stage marks the onset of the occurrence of it. Through
general information there is a lot of exploration in the pathological, physiological and
anatomical segments to investigate about the accurate findings and phenomenon of
schizophrenia. Although, recent advancements have been defining what causation can form

the basis of abnormalities and visual, memory, auditory peculiarities.

This neurophysiological overview will display the core issue underlying the causation of
schizophrenia at a molecular level. There will be discussed certain neurotransmitters and
their receptors and also particular drugs that alleviate the symptoms of this disorder. This
review is about functional and patho-physiological aspects of schizophrenia. Chiefly, there
will be emphasized and discussed Hippocampus dysfunction and the linkage and

connectivity of cellular physiology of different parts with the hippocampus
Main text

The word Schizophrenia originates from the Greek word, meaning “to split”, many authors
have mentioned the term to relate as “the splitting of the mind” which gives an idea of the
impairment of the brain, displaying patterns of positive and negative symptoms, which can
be periodic such as delusions, hallucinations, cognitive impairments, psychosis, social
withdrawal and so on. It approximately affects 1% of the world population, its existence is
reported highly during the adolescence. There can be numerous reasons accounting for the
disorder such as inhibitory neurotransmitters, their connectivity with other
neurotransmitter systems and their receptors such as GABAergic receptors, GABA

neurotransmitter and the dopaminergic systems.
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The method used for interpretation and analysis of the hippocampus impairment and role of
neurotransmitters can be generally classified into model based and non-model based. Non-
model based method is studying the amount of receptors post mortem. The observation was
that dopamine receptor blockers reduced positive and negative symptoms of schizophrenia.

The post-mortem studies showed that the number of dopamine receptors was not changed.

Model based method is phencyclidine method. This model is based on the administration of
phencyclidine or ketamine which results in the augmentation of positive and negative

symptoms of schizophrenia and then to study the morphological and physiological responces.

Hippocampus in responsible for declarative memory where it permits the storage of long
term memory in cortical regions. The entorhinal cortex sends inputs to the hippocampus and
receives output from the CAl region through the subiculum. The hippocampus and,
specifically, CA1 region has the highest concentration of N-Methyl-D-aspartate (NMDA)
receptors in the brain. Thus, if NMDA receptors function abnormally this leads to
schizophrenic behavioral alterations. NMDA receptors are on inhibitory interneurons. So,

the loss of NMDA receptors cause abnormal GBA-ergic transmission.

The neurotransmitter receptor system, specifically the NMDA, then GABA and
dopamin/serotoninergic systems contribute to the disorder at cellular levels. It can be
concluded that these systems in connection with the hippocampus serve as potent basis for
the associated cognitive impairments with the positive and negative symptoms of

schizophrenia.
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