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EXECUTIVE SUMMARY

The kato katz method was, and still is, an invaluable tool to diog-
nose schistosomiasis mansoni en masse in high and medium intensity
infection areas that are economically backward. Due to the current
sensitivity capabilities of 24 EPG, the standard kato katz method is
unable to diagnose very low intensity infections. And even though
alternatives are soughf, none are as oﬁcordob|e, cost-effective and

easy to use as kato katz in the context of LMICs.

As the goo|s of the world health organization shift from disease
mapping and treatment, to post treatment surveillance and erad-
ication of S. Mansoni, more sensitive means of egg detection are
necessary. The lack of a cost effective diognosﬂc tool will mean a
rebound in the prevalence and intensity of infection, as medication
cannot be given without a diagnosis. An accurate, cost effective,
and easy to use method such as the curren‘r|y used kato katz thus
becomes a necessity. In this light, it was thought to be prudent to
explore the idea of improving the kato katz process itself, in terms

of sensitivity, ease of use and susfoinobih’ry.

The context of this project was sTricHy limited to the somp|e prepa-
ration process on|y, and the seven steps recomended by WHO were
classified into filtration and smearing phoses. Three concepts were
genero‘red for each phose, and evaluated re|ofive|y using the harris
profile. The template filter and the draw down smearing method
were chosen to be the most desirable, and were finalized for proto-

typing and evaluation.

Material selection was based on their obi|i’ry to withstand mu|Jrip|e
cyc|es of c|eoning using water and regu|or soap. Silicone strips with
a stainless steel mesh insert and PLA for draw down smearer were
chosen for their resistance to soap as well as economical value.
Pre|iminory festing with syn’rheﬂc feces showed that silicone strips
were too flexible during the filtration process and did not allow for
consistent deposif of fecal somp|e onto the g|oss slide. Hence the

material was chonged tfo a more rigid po|ycorbono’re.

The components were taken to Nigeria to be tested on field by one
of the stakeholders, Mr. Prosper Oyibo. He let two experienced lab
technicians test the components using actual feces, and took notes
of their feedback, based on a questionnaire prepored before hand.
Overall, the lab technicians found the improved kato katz method
to have po’renﬁo| for on field use, given that a certain amount of
chonges were mode, such as reduction in the amount of fecal sam-
ple, and changing the template so that feces do not collect at the
corners. |t may be concluded that with certain steps taken in the

future, the improved kato katz method will cer’roin|y be useful.
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1. INTRODUCTION

1.1 HumaNs, PArRASITES & FECES - A HISTORY

he first written records of parasitic infections come from an-

cient cultures dating back to 3000 BC. The Chinese, Indi-
ans, Egyptians, Greeks and Romans and Arabs, all had physician’s
notes com(irming this. Large worms, such as the roundworm and
tapeworm, are clearly visible to the naked eye, and could certainly
have been the first worms to be observed in an infected person’s
feces. It was also ’rhrough the s’rudy of these worms by which sci-
entists established the pathological process (Cox 2002). Several
physicions sough’r to exp|oin the presence of worms in humans via
spotaneous generatfion iheory, or meiomorphosis of undiges’rib|e
food in to worms. The late middle ages and renaissance periods did
not have much progress in terms of pordsi‘ro|ogy. The discovery of
the microscope in the eor|y 16th century empowered porosi’ro|ogisis
greatly. They observed eggs in parasites, but could not identify
them as such yet (Stewart 195]).

In recent hisiory, the first to observe parasite eggs in human feces
was a German doctor working in Cairo, Theodor Bilharz (after
whom Schistosomiasis, or Bilharzia, is named) in 1851, which is ev-
idenced from a letter he had written to his colleague in 1852. In
the same year, William Henry Ransom, an eng|ish physicion, had
also used this method to detect parasites in the feces of cats and
dogs. He was the first to have the idea that this could be a diag-

nostic method to detect Ascaris lumbricoides in humans. He was

able to confirm this hypothesis in July 1854, when he found Taenia
and Trichuris eggs in a 9 year old gir|'s feces, who comp|0ined of
chronic abdominal pain since six weeks. It must also be noted that
microscopes were not yet common in the mid 1800s, and it took
a |ong time before a universo”y occep’red method to detect eggs
was established. Towards the late 1800s and the early 1900s, it was
getting clearer that more and more species of parasites could be
detected by examining stools under a microscope (Grove 1986). By
the beginning of 20 th century, 28 species of parasitic worms that
affect humans had been identified. Parasitologists now faced the

question - how did parasite eggs move on to a new host?

Transmission of infection by ingestion of eggs was first demonstrat-
ed in 1862 by French scientist Casimir J. Daviaine. Later, Giovanni
B. Grassi, an ltalian scientist, infected himself with A. lumbricoides
eggs, and found them in his feces. In 1902, the father of tropical
medicine, Patrick Manson, mentioned in his writings that some zo-
ologists may have found what may be an intermediate host for
schistosoma. In 1915, Robert T. Leiper, the father of modern helmin-
’rho|ogy, established the comp|eie life cyc|e of schistosoma (Di Bella
et al. 2018). In 1922, the migration pattern of roundworm larvae
after entering the human body was established by Japanese pedi—
atrician Shimesu Koino, who infected himself and later found |orge

numbers of larvae in his sputum (Cox 2002).

Following this, several efforts were made to develop a stanardized
method that can iden’rii(y parasite eggs in a reproducib|e manner.
Norman R. Stoll created the ‘Stoll dilution egg counting technique’
in 1923 (Cort 193]), through which he also established a standard-



ized fecal egg count of ‘eggs per gram’ of feces. The method was
widely used for hookworm epidemiological studies (Storey 20175).
C|Oy’ron Lane invented the direct cen’rrifugo| flotation method in
1923-24 (Chandler, 1995), sedimentation by gravity was introduced
by Faust and Me|eney in 1924, and many iferations for improving
the acid-ether cenfri{ugo’rion ’rechnique were undertaken by various
researchers. For schistosomiasis, rectal biopsy was considered the
most reliable option (Maldonado & Acosta-Matienzo, 1953). In 1949,
Paul C. Beaver invented the uniform densi’ry fecal smear method,
which was considered to be very useful for large scale surveys be-
cause of its simplicity (Maldonado 1956). In 1954, Kan Kato and
Momoshige Miura created the cellofane thick smear method that
used a larger amount of feces (appx. 60 - 70mg), making it more
sensitive than the currenﬂy popu|0r direct smear method (appx. 2
mg). The method was modified and made easier for use on-field by
Naftale Katz et. al (Katz et al. 1971). Later, the WHO has acknowl-
edged its wide use and Odopfed it as the go|o| standard for fecal
analyses (World Health Organization, 1991) (WHO Expert Commit-
tee on the Control of Schistosomiasis, 1993).

Parallel to the development of diagnostic tools, studies to iden-
tify endemic populations and regions were also on the rise, and
some of the first estimates came to |igh’r. 72 million cases of various
tapeworm species infections, and 34 million cases of various fluke
infections were recorded across the world, as reported in 1924. By
the 1940s, 46 million people are said to have been suffering from
Schistosomiasis Japonicum across China, Japan and Phillipines,
while a few thousand cases have been found in the Dutch East

Indies. Schistosomiasis Mansoni was found to be the most widely

distributed of all the schistosome species, with 29 million infections
spread across Africa, West Indies, Venezuela and northeastern Bra-
zil. 457 million cases of hookworm infections, 644 million roundworm
infections, 355 million whipworm infections and 35 million cases of
threadworm infections were also reporfed in the same time period.
It was observed that there were approximately as many helminth

infections as there were people in the world (Stoll, 1947).

In another parallel set of events, European colonization of coun-
tries around the wor|o|, and the subsequen’r establishment of trade
routes via sea, ensured that human parasites were Jrronsporfed and
distributed across the world, and port cities took the brunt of this
burden. The Liverpool school of Tropical Medicine was established
in 1899 in order to tackle this prob|em. The city was an important
port for trade between England, Asia, Africa and the Caribbean.
In the same year, another school, London School of Tropical Med-
icine (now known as the London School of Hygiene & Tropical
Medicine) was founded by Patrick Manson, the father of tropical
medicine. The goo| of this institute was to train medical officers
for emp|oymen’r across the british empire. Such was the need, that
several institutes were established in Europe during the early 20th
century to erudy ’rropico| diseases. A|’rhough some of these institutes
were established for colonial trade betterment, ’rhey later became
pioneers in developing and testing methods to diagnose and treat

’rropico| diseaes in poor counfries in a |c|rge scale and cost effective
way (Hotez, 2010).

In 1977, Dr. Kenneth Warren joined the Rockefeller Foundation as
the director of health sciences, and started the ‘Great Neglected



Diseases (GND)" of mankind program (Ravo, 1996). He successfully
oppeo|ed to the scientific & medical community that even ’rhough
some diseases like schistosomiasis affected about 100 million peo-
ple worldwide, less than $5 million was spent across the world on
its study, and thus would qualify as being ‘neglected’. He started a
series of research institutes for the s’rudy of parasitic diseases, and
many joined his cause. The World Health Organization (WHO),
established in 1948, initiated the Special Program for Research
and Training in Tropical Diseases (TDR), with the help of World
Bank and the United Nations Development Program. The concept
of mass drug administration came up in the 1950s, pioneered by
Frank Hawkins for treating lymphatic filariasis. Entire populations
endemic with a disease would be given an anthelmintic drug at
the same time (and repea’red if necessary), regaro”ess of individu-
al positive or negative diognosis. The emergence of multinational
phormoceu‘rico| companies enabled further success of mass treat-
ment programs, as They were Frequen’r donors of |c|rge quantities
of essential o|rugs. Economists like JeHrey Sachs repor’red on how
diseases like malaria trap populations in low and middle income
countries in a cyc|e of poverty, |eoo|ing to the formation of Mille-
nium Development Global (MDG6), whose goal was to combat
'AIDS, Malaria, Tuberculosis & other diseases’. Unfortunately, the
big three received much more attention and funds compored fo
the ‘other’ diseases. Some expressed concern over this neg|ec+ and
poinTed out how these ‘other” diseases could also cause the same
poverty cycles. The Bill and Melinda Gates Foundation (BMGF),
established at the same time as MGD§, suppor’red this cause by

funding research on parasitology, as well as operational research

that would solve practical problems such as identifying populations
at risk, methods to mobilize and convince popu|oﬂons for diognosis

and treatment, and meeting |c1rge scale tfargets on fime.

In 2005-06, 13 diseases were identified as ‘neglected’, and their
extreme prevalence in many low income populations, and subse-
quent socio-economic decline was pub|isheo|4 They also mentioned
that these diseases can interfere with, or comp|icoﬁre the treatment
of malaria and AIDS. The WHO responded by creating a new de-
partment for Neglected Tropical Diseases (NTDs) (Molyneux et al,

2021), whose mission, as found on their website, is:

‘The Department of Control of Neglected Tropical Diseases co-
ordinates and supports policies and strategies to enhance global
access to interventions for the prevention control elimination and

eradication of neg/ecfed fropico/ diseoses, inc/uding some zoonotic

diseases.” (About Us n.d)

Now that the hisfory, significonce and need for |0rge scale treat-
ment for NTDs has been established, the rest of the report will
continue in the context of Schistosomiasis, and later will specifically
focus on Schistosomiasis Mansoni, as this project is an attempt to
improve the Kato-Katz method, which is a sample preparation pro-

cess used to diagnose S. Mansoni.

1.2 ScHIsTOSOMIASIS - AN OVERVIEW

Schistosomiasis is an NTD that is found in 78 countries, dispropor-
’riono|+e|y oﬁec’ring those be|onging to socio||y and economico“y

backward regions of the world. In terms of number of infections,



it is second only to malaria (Barakat 2013). In 2019, 236.6 million
peop|e worldwide needed treatment for the disease, of which more
than a 100 million have received it. It was estimated that 600
million are at risk of infection worldwide (Chitsulo et al. 2000)
which has increased to 800 million by 2021 in Sub-Saharan Africa
alone, which houses on|y about 13% of the world’s popu|o’rion, but
includes about 90% of schistosomiasis cases Wor|dwio|e, with an an-
nual human death rate of 280,000 (Aula et al, 2021). The affected
global population has lost a combined total of 4.5 milllion years of
their lives, from the statistic known as disobi|ify odjus’red life years
(DALYs), as calculated by the World Health Organization (WHO)
(WHO Expert Committee on the Control of Schistosomiasis (2001 :

Geneva & Organization 2002).

A|’rhough high|y preventable, schistosomiasis had to be classified as
one of the neg|ec+eo| ’rropicc1| diseases (NTDs), as it occurs predom-
inantly in low and middle income countries (LMICs). Those who
have it usuo||y cannot afford treatment, and no access to proper
sanitation and drinking water ensures pro|i1(eroﬂon of the disease
(winkler et al, 2018). Figure 2 shows the distribution and density
of the disease across the g|obe. It can be obseved that the most
affected popu|oﬁon is in the Sub - Saharan Africa region. The two
variants of the diseose, intestinal and urogeni’ro| schis’rosomiosis,
can cause mu|’rip|e heath issues that affect quo|i’ry of lives of adults,
and cause grow’rh and |ec1rning issues in children. Severe cases may

also lead to death (Schistosomiasis n.d.).

The disease is caused by a family of parasitic worms called bood

flukes (be|onging to the class trematoda), which are transmitted to

Figure 1: Lifecycle of Schistosomiasis Mansoni. Humans wade into infested waters, schis-
tosome larvae penetrate the skin, migrate fo the intestines and start |oying eggs, which
are passed in stools. Eggs hatch, find snail hosts, reporoduce and produce more larvae.
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Figure 2: Map showing the percentage of people across the world that need treatment for schistosomiasis, according to the World Health Organization. It can be observed how schis-
tosomiasis disproporﬂonofe|y affects those in low and middle income countries. Image taken from h’rfps://cdn,who.in’r/medio/docs/de{ou|Tfsource/nfds/schisfosomiqsisf%QBbi|hc1rzio%29/
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humans by contact with infested waters. Schistosome larvae (called
circariae) in infested waters penefrate the skin when humans wade
into them (children p|c1ying, adults Woshing clothes, utensils, fishing,
etc). They then migrate to the intestinal or urogenital regions, latch
on to the inner walls of blood vessels, where ‘rhey copu|o‘re, and
the females release egygs periodico“y, which are usuo||y possed via
urine or stool, depending upon the species of infecting schistosomes.
When a person infected with schistosomes relieves themselves in
a water body such as a lake, some eggs are released into the
waters. These eggs hatch and release miracidia, which search for
an intermediate host (snoi|s, in the case of schis’rosomiosis), where
They mu|’ri|o|y, mature into cercariae, and are released from the
snail. The cercariae then swim the waters until they come in contact
with humans (or other animals), thus comp|eﬂng the infection cyc|e
(CDC - DPDx - Schistosomiasis Infection, 2019). The general life cy-

cle of one species, S. Mansoni, is illustrated in figure 1.

The report will now narrow its focus further to Schistosomiasis Man-
soni, one of the five main subspecies of schistosomes, which affects
more peop|e than any of the other schistosome species (Barakat,
2013). It is an intestinal schistosomiasis, where adult schistosomes
inhabit the inferior mesenteric vein that drains the colon. Infected
individuals show symptoms ranging from asymptomatic, to b|ooc|y
stools, developing inﬂommcﬁory colonic polyps, liver fibrosis, and
ultimately, death (Elliott 1996). S. Mansoni affects about 54 million
peop|e worldwide, and puts around 400 million at risk of infection.
It causes about 0.2 million deaths a year, and around 29% of those
diognosed late (with b|eeo|ing varices) die, even with access to the
best healthcare available (Gunda ef al. 2020).

o

Figure 3: Schistosoma copulating. Adult males are long,
wide and flat, while females are long, thin and cylindri-
cal. The male wraps itself around the female (Wikipedia,

2006)

Figure 4: A schistosomiasis Mansoni egg. Notice the
characteristic lateral spine on the bottom righ’r, They typ-
ically measure about 140 microns (Gryseels et al. 2006)



Microscope examination of a standard quantity of feces is the pre-
ferred method of diognosis for S. Mansoni. A small somp|e of fecal
matter is deposi’red onto a standard microscope g|0|ss slide and
prepored for reoding‘ A |oboro‘rory technician then p|oces the g|oss
slide under the microscope and counts the number number of eggs
in a methodical way. This process of preparing fecal somp|es for
microscopy is called the Kato - Katz method, and is the ‘gold stan-
dard” method for diagnosing several parasitic infections worldwide.
The steps to prepare a fecal somp|e with this method, as recom-
mended by the WHO, are illustratted in figure 5 (World Health
Organization, 2019).

An adult S. Mansoni pair can produce a maximum of about 300
eggs per day (Nelwan 2020), each measuring 60 x 140 pm ap-

proximately, and can be identified by their characteristic lateral

spine, as shown in figure 4. The schistosomes cannot multiply inside
their human hosts, and so the intfensity of infection is en‘rire|y de-
penden’r on how many miricidia pene’rro’red the skin of the infected
individual. Some of the released eggs get stuck in tissue, triggering
immune responses, while others are excreted when a person relieves
themselves, so they can be found in stool samples collected from
infected individuals. Infection intensities, defined as the number of
eggs per gram (EPG) of feces, are classified as low (O - 99 EPG),
medium (100 - 399 EPG) and high (2 400 EPG) (Coulibaly et al
201).

o

The current treatment method of choice is preventive chemothera-
py (PC). The drug recommended by WHO is Praziquantel, as it is
cost eﬁcecﬂve, scnce, and works for all human imcec’ring schistosoma

species. The recommended dosage is 40 mg/kg bodyweight of the
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Flgure 5: The kato katz somp|e preparation method as recommended by the WHO. At the end of a successful 7-step somp|e preparation process, a thin fransparent film containing 41.7
mg of feces is created. To test if a quality sample has been created, it is placed on a newspaper. If the print can be read through the stain, the sample is considered good for microscopy.




patient in one dose. Side effects include nausea, vomiting, abdom-
inal pain and malaise, all of which are usu0||y mild. Severe side ef-
fects were only noticed in patients with heavy infections, and include
acute colic pain with bloody diarrhoea. The medication works by
por0|yzing the schistosoma and domaging their outer |oyer (called
the tegument), which serves as the interface between the parasite
and host by performing essential functions such as absorbtion, se-
cretion, and protection. It must be noted that proziquon’re| has no
effect on new|y acquired infections after treatment, or eggs and
immature worms present during treatment, so the patient will still
release heloy eggs for several weeks after being treated. Patients
will be re-examined after 4 - 6 weeks. It was found that after treat-
ment, 70 - 100% of patients have ceased releasing eggs, and those
that still do, have a reduction rate of about 95% (Gryseels et af
2006) Oxamniquine, which is only effective against S. Mansoni, is

recommended as a second choice (WHO Expert Committee on the

Control of Schistosomiasis (2001 : Geneva & Organization, 2002).

1.3 CoNTROL & ELIMINATION STRATEGIES
As individuals cannot afford healthcare in LMICs, the burden of

diagnosis, treatment, and monitoring falls to various global health
institutions such as the WHO and local governments. Expert com-
mittees and researchers have genero’red, improved and validated
various strategies for mapping, control, treatment and elimination
of schistosomiasis. The first WHO expert committee meeting was
held in 1952 in San Juan, Puerto Rico. In their report, they discuss
bilharziasis, its epidemiology, and fino||y, procedures for surveying

and controlling the disease (WHO Expert Committee on Bilharziasis

& Organization, 1953). In a later report, they discuss the variables
that affect the objecfive of a control program - prevo|ence, in-
fensity and incedence of diseose, as well as ovoi|0bi|i’ry of trained
personnel and funds. Formulation of a program objective, a study
of its Feasibihfy, and a continuous evaluation process are the steps
recommended in order to measure progress towards achievement
of goals, funding and acceptance of program by locals (Epidemiol-

ogy and Control of Schistosomiasis, n.d.).

Subsequently, during the 1950s to 1980s, one of the more popular
strategies to control schistosomiasis was to curtail the intermediate
host population - eliminating the snail species responsible for schis-
fosome pro|iFero’rion. The goo| was to use molluscicide in infested
waters, either as a focused or as a blanket so|u’rion, to eliminate
snails in proximity to human dwellings. This strategy provided mixed
results. While snail popu|0’rions decreased drosﬂco“y, some p|oces
even reoching zero, there was o|woys a rebound of the popu|c1’rion
within a few weeks/ months as even one snail can repopulate entire
water bodies. This meant that water treatment had to be extremely
Frequen’r and focused, and the programs must be under constant
expert supervision, all of which claw into already limited resources.
Other modes of control were also exp|oreo|, such as chemoTheropy
with o|rugs such as Ambilhar, which showed some serious side ef-
fects. Educating endemic population by public health services also
showed some promise in the control of the disease (Epidemiology
and Control of Schistosomiasis n.d.). In the late 1970s, oral treatment
for schistosomiasis began to emerge, and this, along with other fac-
tors such as foxicity fo soi|, handlers and fish, pushed snail control

programs out of preference, ’rhough not To’ro”y abandoned. They



are still used as a supplement to PC (King & Bertsch 2015).

Modern strategies for control and elimination of schistosomiasis
were first outlined in a report by a WHO expert committee pub-
lished in 2002. The first objective should always be morbidity con-
trol - a plan to reduce the intensity of the disease to a level where
it is no |onger a pub|ic health burden. This can be done by ensuring
access to PC drugs at all health care facilities, and by frequen’r
treatment of at-risk population. In high- prevalence areas, it was
the practice that treatment was done without prior diognosis, as
this would be more cost effective, but due to the risk of o|eve|op—
ing a tolerance for the drug, it is now recommended that a well
|o|onneo| ’rorge’red opprocn that is in‘regroJred with the current local
healthcare system would have all the benefits of being effective,
efficient and economic. For a more permanent control, improved
sanitation, clean drinking water, environmental measures (snoi|
control) and health education is a necessity (WHO Expert Commit-
tee on the Control of Schistosomiasis (2001 : Geneva & Organization,
2002). Meanwhile, other studies focusing on the relation between
diease prevo|ence and patient age showed that the most affected
age group for schistosomiasis is 6 -15 years, which is predominantly
school going children (Coulibaly et al, 2013). Based on this data,
the strategy of mass drug administration (MDA) in schools was
developed. In this program, all school going children in endemic
areas would be administered praziquantel annually or biannually,
depending on the intensity of infection, at school. Treating school
children for control of schistosomiasis was a cost effective option,
as They represen’red a |orge percentage of the infected popu|o’rion,

and schools were great |o|o’ntorms for mass treatment as it was easy

fo go’rner and treat them. But Q|‘rnougn these programs proveo| to
effec’rive|y reduce infection intensities, other s’rudies, disease trans-
mission and economic models sugges’red that by exponding these
programs to sustained, cornmuni’ry—wide treatments would reduce
ropid reinfections, and would also be cost effective in the |ong run
(Lo et al. 2016). Other studies where adults at high risk areas were
also treated along with school children showed evidence that an-
nual in’regro‘red freatments can significanﬂy reduce the prevo|ence

and intensity of schistosomiasis, as well as other NTDs (Zhang et

al. 2007).

The latest guideline for control and elimination strategies provided
by WHO is as follows: To interrupt transmission of schistosomiasis,
|orge scale preventive cnemofneropy must be combined with pro-
viding potable water, proper sanitation, hygiene-education, snail
control and environmental modification. The five phoses of schisto-
somiasis control and elimination are 1) morbidi’ry control, 2) elimi-
nation as a public health problem, 3) interruption of transmission,
4) post-transmission surveillance and 5) verification of elimination.
Treatment strategy recommended by WHO are as follows: For
high risk areas, school children and adults are treated annually.
For moderate risk areas, school children and adults are treated
once every two years, and for low risk areas, only school children
may be treated twice across the duration of their pre-school years.
The WHO emphasizes that there is no ‘one size fits all” strategy,
and recommends a tailored program for each endemic area(World

Health Organization 2022).



14 S. MaNsoNI, A CAse STubpy - MAPPING,
TREATMENT & PosT TREATMENT SURVEILLANCE

It was known that schistosomiasis was endemic in Sierra Leone, but
comprehensive epidemio|ogico| data was unavailable, especio”y in
the northern and eastern regions. Hence, in 2008, a national sur-
vey project was undertaken by the National Neglected Tropical
Disease Control Program (NTDCP) to map schistosomiasis and
soil transmitted helminths across the country, in order to provide
data for a mass drug admistration program. The survey was done
based on the neW|y released guio|e|ines for preventive chemothera-
py by the WHO in 2006 (World Health Organization, 2006). This
section will only highlight the relevant processes and results in the

context of S. Mansoni and this project.

Community sensitization was the first step (spreoding awareness of
NTDs and explaining plans for treatment). Then, 53 schools were
selected at random, distributed ’rhroughf the country at an average
of 4 schools per district. About 100 students between the ages of
6 - 15 years were chosen from each school for stool sample collec-
tion, while maintaining a balance between sexes and ages. Each
student was given a bottle for a stool somp|e, and was ossigned an
identification number. As soon as the samples were collected, one
slide per somp|e was prepored using the kato katz method. The
GPS co-ordinates of each location of sample collection, infections
and its intensities, differences between ages and sexes etc, were all

noted. All data was stored in microsoft excel.

Each district was ca’regorized as low, moderate and high risk areas,

as defined by the WHO PC guidelines. All rural populations in dis-
tricts where schistosomiasis was detected were considered at risk, as
peop|e were involved in professions o|eo|ing with water - fishermen,
farmers, women doing chores etc. So all school children in endemic
communities, 0|ong with adults in high risk areas were the target
population for annual PC program. S. Mansoni was found to be
heovi|y prevo|enT in the north eastern part of the country, and was
found to be direc‘r|y propor’rion0| fo mu|‘ri|o|e environmental factors.
Elevations above 250 m, and higher population densities seem to
have higher prevalences and intensities. A total of 5691 school chil-
dren were tested for the survey, out of which 5069 data entries
were valid. Overall, the point prevo|ence across the country was
184% with a range of O - 82.1%. Five districts were classified as high-

risk and two were classified as moderate-risk (Koroma et al. 2010).

As only one stool sample was prepared and examined per per-
son, and that on|y four schools per district were used for testing,
it was noted that prevalences and intensities may have been un-
derestimated. Hence, a comp|emen+ory survey would be conducted
in 2009, where school children in the seven districts classified as
moderate and high risk would be retested. 59 schools that were
not chosen in the national survey, but existed within the moderate
and high risk areas, were selected for the comp|emen+ory survey,
from each of which 30 children of ages 9 - 14 years were tested. A
total of 1,760 fecal somp|es were tested, and it was found that the
overeall prevalence of S. Mansoni was 40.2%, and intensity 954
EPG, which means over 20% of children have moderate or heavy
infections (Hodges et al. 2011).



In por0||e|, a sentinel survey took p|0ce to measure disease prev-
lence and intensity before, and six months after treatment. Fifteen
schools that showed a high prevalence rate of schistosomiasis
(250%) in the 2008 and 2009 surveys were chosen for re-evalua-
tion of disease prevalence and intensities. As before, 30 students
from each school (ages 9-14) participated, and one slide was pre-
pared per person for microscopy. A total of 448 children were test-
ed. Prevalence and overall intensity before treatment were found to
be 69% and 170.8 EPG respectively. 35.6% children had moderate

fo heovy infections.

After the survey, MDA was started by the NTDCP in a phased
manner. The school children from moderate and high risk districts
identified in the national and comp|emen+ory surveys were treated
with  Praziquantel, which were a total of 562,980. 94% coverage
was achieved in this first round of treatment. Six months |o’rer, the
448 students from the sentinel survey were tested again. This time,
the prevalence and intensity of S. Mansoni were 382% and 47.3
EPG respectively, reducing the proportion of children with moder-
ate to heavy infections to 9.9%. Before MDA, 13 of the 15 sentinel
schools showed high preva|ence, which reduced to just 4 after, in-
dicating a significant improvement in overall health of the children
(Hodges et al, 2012), and validate the reliability of the guidelines

laid down by the WHO.

1.5 KaTo KATZ - THE GOLD STANDARD?

Since its modification for field use in 1972, the kato-katz method has
been the "go|o| standard” for preparing stool somp|es for microsco-
py, as recommended by the WHO (Krauth etal 2012). It gives
standardized results, and can be easily taught to those who collect
and prepare samples (Speich et al. 2010). It is the most cost effec-
tive Technique curren’r|y available for fecal diognos’ric tests, and is
widely used not only as a tool for screening and mapping endemic
areas for neglected tropical diseases (NTDs) (Developing Capacity
to Monitor Parasitic NTDs through Kato-Katz in Cambodia, 2020),
but also for monitoring infections and post treatment surveys to
measure changes in infensities, moking it an essential health care
aid for diagnosing multiple parasitic infections in LMICs and else-

where.

Though wide|y used because of its economic benefits and reason-
0b|y accurate diognosis, Kato Katz method has quite a few set-
backs. It has poor sensitivity when it comes to low intensity infec-
fions. Theoreﬂco“y it cannot detect an infection intensity of less than
24EPG, as one slide holds only 41.7 mg of feces. It can also show a
high variation in number of eggs per sample, even though all were
prepored from the same stool somp|e, which may be due to eggs
c|umping ’rogefher or skill levels of the technicians (Kongs et al,
200]). Some samples, such as the ones being tested for hookworm
infections, must be examined within 30 minutes of preparation. It is
difficult to do this, for exomp|e, in a setfing where there are a |orge
number of somp|es to process in a short time. Also, recent studies

show that the cost of imp|emen’ring this method at a |orge scale



may be more expensive and logistically more cumbersome than
what is currently assumed (Turner et.al 20717). Due to these factors,
the drive for seorching alternative diognos’ric methods is becoming

greater.

Despite the shor’rcomings, obondoning this method for newer diog-
nostic tools will cause significant reduction in delivering healthcare
to a wider section of affected population. Novel techniques such as
point of care - circulating cathodic antigen test (POC-CCA), and
up-converting phosphor - lateral flow circu|a’rmg anodic antigen
test (UCP-LF CAA), are extremely sensitive, but are not suitable
for surveying post treatment endemici’ry, as anfigens are unaffected
by treatment. So ’rhey can on|y be used in areas where no treatment

l’]OS been never giV@I’], Oﬂd 'FOI’ newborns in areas Where transmis-

Strategy Process Resources Timeline
Develop Specifications;
Improving Fund, Manage and

UusD 2-3 M 2-3 Yrs

Existing Tools ~ Co-ordinate Private

Sector or Universities

Develop Specifica-
Adapt Avail-

able Platforms

tions; Fund, Manage USD 5 M 3-5 Yrs

and Co-ordinate

Private Sector

Develop New Search for Bright Ideas USD 10-12 M 210 Yrs

Platforms

Table 1: A reproduction of the product development strategies for improving current di-
agnostics for STls table, and an estimation of time and resources each strategy takes,
according to the WHO (Kettler et al, 2004)

sion has been completely stopped (Sousa et al. 2019). Also bor-
rowing from the field of diognos’rics for sexuo||y transmitted infec-
tions (STls) in LMICs, two of three product development strategies
WHO recommends for coming up with new diagnostics is improv-
ing existing tools, and Odopﬂng existing p|o‘rforms. A|’rhough ‘rhey
recommend that all three strategies opp|ieo| foge’rher gives the best
results, the estimates demonstrate that improving/ adapting takes
significonﬂy less time and resources compored fo coming up with

new diagnostics, as shown in table 1 (Kettler et al. 2004).

Further evidence to support the improvement of kato katz method
is presented in table 2, where other diagnostic methods used in
LMIC settings are compared with kato katz in terms of accuracy,

cost effectiveness, the three main factors in se|ec’ring a diognosfic

test in an LMIC setting (Ajibola et al, 2018). As seen in the table,
none of the other tests sofisfy all criteria. This makes kato katz an
ideal diognosfic tool, especially in high and medium infection inten-
sity areas, and for disease mapping. If it can be improved so as fo
Occuro+e|y and re|iob|y diognose low infection intensities, it would
greo’r|y contribute to the continuation of treatment and monitoring
programs at low costs, atleast until a more accurate, cost effective

and reliable tool emerges.



LMIC Compatibility
(Accur(ﬁe/ Cost effec-

Tive, EOS\/ to use)

Cost of One Test

(Equi ‘¢ oersonnel)
(Equipment + personnel)

Category Method Sensitivity

98.6% (Duplicate KK. at HII*)

Kato Katz (gold (Lamberton et ol, 2014) US$ 173 (Spe-

: A C E
standard) 77.4% (Triplicate af M) ich et al. 2010)
(Glinz et al, 2010)
C?nvE:;ion? For- 85% (Single at MII*) US$ 0.3 (Vee- A C
Microscopy malin er Concen- _ /
tration (C-FEC) (Glinz et al. 2010) shan et al, 2017)
o 93% (Single at MII*) US$ 0.9 (Zee-
Mini - Parasep (Adugna et al., 2017) shan et al. 2011) AC
914% (dual at MII*) US$ 2.83 (Spe-
FLOTAC (Glinz et al. 2010) ich et al. 2010) A
At Detocti Point of Care- Circulating  91.7% (Single urine test at HII*) US$ 7.26 (Wor- AE
nhigen Fetection Cathodic Antigen Test (Lamberton et al, 20714) rell et al, 2015) '
DNA Detection PCR Test 100% (Single urine test at LI y5q 4 (1 o ol 00m) A

(Enk et al. 2012) ’

Table 2: Current ‘gold standard’, Kato Katz, compared to other diagnostic tools used in LMIC settings to detect Schistosomiasis Mansoni. Sensitivities, affordability and ease of use are
the basis of selection. Kato kofz, as the go|o| sfondord, satisfies all three conditions.
* These represent the mean infection intensity in an endemic area. HII : High Intensity Infection, MIl: Medium Intensity Infection, LII: Low Intensity Infection



2. PROJECT BRIEF

2.1 REsAERcH QUESTION, GoALs & ScopPe

zyn the previous chop’rer, it has been shown that the kato katz is
a very cost effective and fairly accurate method, and is widely
used for diagnosing and monitoring S. Mansoni. It has very low
sensitivity when it comes to low intensity infections (0-99 EPG).
Hence, the overarching objective of this project is to improve the
kato katz method so it may he|p healthcare professiono|s accurate-
ly and reliably identify low intensity infections, while being just as
cost effective as the current method. The research question for this

project, therefore, is:

‘Can the Kato-Katz method be improved interms of sensitivity ease
of use, and susfoinobi/ify, while maintaining current re/iobi/ify and

cost effectiveness?”

There are three major goals of this project:

1. Increase sensitivity to to detect very low infensity infections
2. Reduce human skill depenency fo increase re|iobi|i’ry

3. Replacing single use materials with sustainable ones

The scope of this project is limited to the WHO recommended kato
katz me’rhod, which means somp|e co||ec’rion, tfransportation, mi-
croscopy, treatment etc will not be considered. Only sample prepa-

ration, which is the step after fransportation, and before microsco-

py is the focus of this project. The seven steps will be ono|yzeo|, and
depending on the need, will be modiﬁed, combined or discarded.

2.2 STAKEHOLDER ANALYSIS

A stakeholder(s) is an individual or a group that can either affect,
or is affected by, the decisions made as a part of implementing
a project. They are classified into different classes based on how
many of the three main attributes they possess, which are as fol-
lows: 1. Power to influence, which is a stakeholder’s obi|i’ry to make
the project manager imp|emen+ or chonge an aspect of the project
that they would not have normally done, or resisted doing. Power
weilded may be coercive, utilitarian, or normative 2. Legitimacy of
sfokeho/der—projecf re/oﬂonship, which shows if this re|o’rionship is
viewed as ‘good’ or ‘bad’ in a social value construct. The constructs
may be individual, organizational or societal. 3. Urgency of claim,
which is the stakeholder’s copobih’ry to attract immediate atten-
tion and call to action. Urgency may be due to time sensitivity,
or cri‘rico|i+y of the stakeholder’s need. This classification he|ps the
project manager list and prioritize stakeholders and their interests.
It must be noted that these attributes are dynamic, and are subject
fo chonge across the duration of the project. They are also social
constructs, and not objec’rive ’rrufhs, and hence there will be a con-
siderable influence of the sub-conscious belief system’ on decisions

taken.

Another point of view that helps with this prioritization is ‘Stake-
holder Salience”. Among the stakeholders that are in the same

class, the project manager may find" that some stakeholders are



more important than others. This may be a conscious or sub-con-
scious decision due persono|, orgonizo’riono| or societal beliefs, de-
sire fo comp|e’re project objectives and achieve intended outcomes,
influence stakeholders etc. Salience is not a recommeded step in
stakeholder on0|ysis, but rather an observation that it is an inevi-
table phenomenon. It is the ‘means’ ’rnrougn which a project man-
ager achieves an ‘end’. Salience, like stakeholder attributes, is also
dynomic, and varies Througnouf the project. The different classes of

stakeholders based on their attributes and over|ou|os is illustrated in
figure 7 (Mitchell et al. 1997).

Y

Based on the theory presented above, multiple stakeholders were

identified and classified into various groups:

«  The Community Level: Patients, parents of minors, community

|eoo|ers, medical vendors, traditional healers

«  The Formal Healthcare Level: Community Health Extension
Workers (CHEW:s), doctors, laboratory technicians

«  The Organizational Level: Medical officers of health(MOHs),
disease surveillance and notification officers (DSNOs), school

teachers

«  The Economic and Policy Level: Financial donors, academia,
non governmental organizations (NGOs), and the regional and

national governments

Each stakeholder’s presumed level of interest and influence is

shown in Figure 8. At the community level, patients and parents

have relatively low interest and influence, as they are wary of giving
somp|es, and if forced to participate due to suspecfed infection,
having to forego work, and thus losing the day’s wages. Community
leaders have medium influence and interest, as they would like to
see their community heo|’rhy, and are copob|e of mobi|izing peop|e
fo freatment programs. Traditional healers and medicine vendors
have low interest and influence as well. At the formal healthcare
level, CHEWSs have high interest but medium power, as they are
the ones who collect samp|es and distribute medication. Doctors
have medium-high power and influence, as they can instruct both
CHEWSs and patients. Lab technicians have high interest, as they
are responsib|e for somp|e preparation, microscopy, data storage
and organization, but only low-medium influence, as they can only
influence chonges in the somp|e preparation process. At the or-
ganizational level, DSNOs and MOHs have high influence and
interest, as community health is their responsibility, and owing to
their positions, ’rney are respec’red and listened to. Teachers p|0y
a crucial role in organizing somp|e collection and MDA events in
schools. They have low-medium power and low interest. LosHy, at
the economic and po|icy level, financial donors, regiono| and na-
tional governments have nign influence and nigh interest, as ’rhey
approve and govern the programs themselves. Academia has high
interest but medium-nign influence, as their contributions are cru-
cial but moin|y non-financial, while NGOs have medium interest
and influence due to their allround nature of work. As the main
objecﬂve of this project is fo improve the kato katz method, and
in-line with the concept of ‘salience’, the focus for this project will

be on ‘lab technicians’, as they will be the end users of this method.
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INFLUENCE

INTEREST

High Local Government ‘
Funding Organizations .
. Disease Surveillance &
Notifications Officer
‘ Medical Officer of Health
Doctor Academia .
Community Health .
Community Leader Extension Workers
Teachers . NGOs
Community Mobilizer . Lab Technicians
Traditional Healer
Patent Medicine Vendor
Patient
Low . Power Urgency Legitimacy High

Figure 8: Various stakeholders related to this project shown in an influence vs interest chart. Each stakeholder’s salience is also shown, depending on how many classes each
falls into. Stakeholders with all three classes are definitive stakeholders, who are given top priority. Stakeholders with two or one class(es) are moderofe|y salient and latent
stakeholders, whose needs are prioritized next and last respectively (Mitchell et al, 1997)
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2.3 LAB TECHNICIANS - NEEDS AND WISHES

Two people with on-field experience of using the kato katz method
were chosen to fill in the role of ‘lab technician’. Online interviews
were conducted seporoﬁre|y, and information was collected regord—
ing their observation of sample preparation journey, their specific
roles and duties, pain and gain poinfs, and fino“y needs and wish-
es. The interview points are presented in appendix B. Following is
a brief introduction of the stakeholders and summaries of their

interviews:

Mr. Prosper Oyibo is a PhD student at the faculty of Systems and
Control Engineering, TUDelft, had developed an Al based auto-
matic schistosome egg detection machine for reoding fecal scmp|es
prepared using the kato katz method, named The Schistoscope'.
He has tested the device several times in Nigeria, where studies
were being conducted for MDA. As a part of his |eorning, he has
trained under professioncﬂ lab technicians, and has prepored sev-
eral fecal samples under their supervision. He has an in-depth un-
dersfonding of the somp|e preparation and Microscopy processes.
The end result of this project will be designed in such a way that it
can be examined using manual microscopy, as well as Mr. Oyibo's
Schisfoscope. His experiences and opinions about somp|e prepara-

tion are:

« Was present for sample collection. Participated in sample

preparation and microscopy

«  Daily routine of lab technicians: travel to field -> sample collec-

tion -> travel to lab -> prepare somp|e -> cmc1|yze somp|e ->

data collection and storage -> clean up

« On average, 20 - 30 samples are collected and analyzed per

day.

« Various somp|es are collected for various tests. It is rore|y on|y
one type of sample collection/ testing, so isolating time for just

stool somp|e collection is difficult
+  Personnel are allotted depending on study size and availability

. Usuo||y there is a somp|e prepper and a microscopist. Who

does what is very fluid, and depends on who is free at the time

Mr. Brice Meulah is a PhD student at Lieden University Medical
Center (LUMCQ), as well as a scientific researcher at Centre de re-
cherche médicale de Lambarene, Gabon. He has extensive knowl-
edge and experience with the kato katz method, and has worked
everyday with it everyday for 1.5 years. Following are a list of his

experiences and opinions:

« Number of participants enrolled to give somp|es on a particu-

lar day makes a lot of difference in work load

« With 2 microscopists, 30 sample analysis a day was good. 40

was too much

* A microscopist needs atleast 5 min to read a slide. Ten if the

egg count is very high
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« Quality of the sample prepared is more important than speed

of preparation
. Usuo||y microscopy is slower than somp|e preparation

«  Things to improve: quality and consistency, timing, reduce con-

tact with stool on g|oves

Based on the information provided by the stakeholders, and lit-
erature review a journey map has been created showing the pain
and gain points of each step, illustrated in ﬁgure 9. Addmg to this
the limitations of kato katz method observed from |i’rero’rure, and
given the goo|s and scope of this project, the fo||owing needs and
wishes have been es’rabhshed, which are later converted to design
specifications that can be validated via qualitative and quantita-

tive method:s.

1. Increase the sensitivity of the kato katz method to detect very

light infections

2. Increase re|iobi|i’ry of the method. Every somp|e should be of

the same quality irrespective of the skill level of the technician

3. Make the sample preparation process quicker and easier while

maintaining the costs
4. Reduce contact with stool on g|oves
5. Use reusable and sterilizable materials wherever possib|e

6. Prepored somp|e must be fit for cmo|ysis on a conventional mi-

croscope, as well as the Schis‘roscope

2.3 DESIGN SPECIFICATIONS

The needs and wishes previous|y mentioned are now translated into
design specifications. Each need/ wish is ossigned a ftarget value
that the final prototype must reach or exceed in order to soﬁsfy the

requirements of end users. Below is the list of design specifications:

1. Must be able to detect eggs for very low intfensity infections, i.e.

< 10EPG (Barenbold et al. 2021)

o

2. Preparation time for one sample must be below 2.58 minutes

(Speich et al, 2010)

3. The cost of a kit that lasts for 500 samples must cost less than
$136.15 (Kato Katz Kits - Diagnostic Test Kits | Sterlitech, n.d)

4. Somp|e preparation must be done in 7 steps or less (World
Health Organization, 2019)

5. Technician skill must be eliminated from somp|e preparation.

Every smear must measure to be the same thickness

6. Materials used must be washable with common dish soap (non

reactive according to manufacturer specifications)
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3. DESIGN & EVALUATION

ow that the design specifico‘rions have been established,
ﬁideos fo improve the kato katz method can be genero’redi
The first step was sfudying the ’rechnique. It can be divided into
three important steps: Homogenization, Filtration, and Smearing.
Homogenization refers to dierribu‘ring the eggs even|y in a stool
somp|e, so that any unit Weigh’r of stool taken at random would
have the same number of eggs. Homogenization is currently done
by the lab technician using a wooden spo+u|o. The stool somp|e
is mixed for a number of times. No alternatives that are more ef-
ficient, cheaper, and easier to clean were found compared to the
g|oveo| human hands. Hence, idea generatfion was limited to the

phases of filtration and smearing.

3.1A BRAINSTORMING - FILTRATION METHODS

Filtration is the step that follows homogenizo‘rion‘ In the traditional
kato katz method, a small amount of a homogenized stool somp|e,
about the size of an almond is scooped up and placed on a scrap
piece of paper. A fine mesh (60 - 105, made of nylon or steel wire)
of size 5 x 5 cm is used to press against the stool sample and filter
it. Larger debris remains behind, while the filtered stool is scraped
with a spo‘ru|o to continue with the rest of the process. As stated in
the samp|e preparation journey map, in order to reduce or eliminate
the issues, three concepts were developed using the brainstorming

method. Each of the ideas are exp|oineo| in the porogrophs, below,

and illustrated in figures 10 A, B, and C.

The template filter concept combines the filtration and the first
step of the smearing phose. The mesh is sandwiched between two
’remp|o+es, so that the holes o|ign, with the mesh showing Through,
The user scoops a sample of the homogenized feces and puts it di-
recﬂy on to the ‘remp|o’re filter, and scrapes it ’rhrough the mesh un-
til the cavity is filled and lifts the ’remp|oﬁre up. A measured amount
of fecal sample is now ready for smearing. The advantages of this
method is that it reduces one step in the kato katz method, and
eliminates the need for scrap paper and reduces waste as the tem-

plate filter will be designed to be reused for many cycles.

The piping filter works in a similar fashion to regular piping bags
used to decorate cakes. In this version, a Jrhin, Hexib|e, but durable
sheet (e.g. silicone, 10 x 10 cm) is taken, and a hole is made in the
center. A reusable mesh is adhered to the sheet on top of the hole.
The user scoops a small amount of homogenized feces, and places
it on top of the mesh, O||igneo| with the hole. The four corners of the
sheet are lifted and held together to form a bundle, with the hole
pointing downward. The bundle is now squeezed to filter the feces
out of the mesh, and onto a standard ’remp|o’re p|oced on a g|oss
slide. Once the template is filled, the excess is scraped off, and the
’remp|o+e is lifted, |eoving a standard amount on the g|oss slide.

The odvon’roges of this method is its por’robi|i’ry and ease of use.

The cenfrifuge filter, as the name suggests, uses cen’rrifugo| forces
to filter the feces. In this method, the sample container given to the
patients has a removable and washable mesh layer at a third of
the total heigh’r from the bottom. After sample collection and trans-

portation, the user places a batch of the containers in a mechanical
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cem‘rifuge, and spins it by hand. Precise speeds are not necessary,
and visual inspection is sufficient to check if most of the feces has
been filtered. It is important, however, to ensure that most the fecal
matter has been filtered in all of the containers, and only fibers and
other |c1rge por’ric|es remain. This is to make sure that all eggs have
possed ’rhrough, as different stool somp|es have different consis-
tencies, and one sample is only half filtered, there is a chance that
eggs remain in the unfiltered feces as ’rhey tend to c|ump ’roge’rher
sometimes. Once filtration is comp|e’re, the user pu||s out the mesh
layer, homogenizes the filtered stool, and proceeds to the template.
This method is very odvon’rogeous to the user, as ’rhey do not have
to filter the feces by hand. Even with g|oves on, honc”ing fecal
matter is the most uncomfortable step for a lab technician. Also, as
mu|ﬂp|e containers can be filtered with a cen’rrifuge in every cyc|e,
a lot of time is saved. There is also no need for scrap paper, sing|e

use meshes, and spatulas for fi|fering.

3.18 BRAINSTORMING - SMEARING METHODS

The step after filtration is smearing. Smearing is the process of
dispersing the measured amount of stool deposited onto the glass
slide into an even, semi-transparent film. When p|oceo| on newsprint,
the lab technician must be able to read the text ’rhrough it. This is
the recommended test for the verification of a successful smear.
In the traditional kato katz method, 41.7 mg of feces is deposited
’rhrough the ’remp|o+e and on to the g|oss slide. The ’remp|0’re is
removed, and a hydrophilic cellophane tape that has been soaked
ina g|ycero|-mo|ochi‘re green solution for 24 hours is p|oceo| on top

of the fecal sample. Now the slide is turned up side down, with the

ST
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Figure 9: The template filtration method. Two strips of silicone are fixed with a stainless
steel mesh inbetwen. The feces is pushed through the mesh, and leaves a measured quan-
tity of sample on the glass slide
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Figure 10: The piping filtration. Similar to the template filter in assembly, the piping filter
uses a nylon mesh that is sandwiched between silicone thin sheets. The sample is deposit-
ecl, and the sheet is made into a bundle and squeezed to filter the feces

Figure 11: The centrifuge filter uses an inbuilt mesh with every sample container given to
patients. It is then put in a hand centrifuge and spun, during which process the feces is
filtered ’rhrough cenfrifugo| forces
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cellophane Focing the workbench or table, and the g|oss slide is
pressed genHy but firm|y with both thumbs, until a circular smear is
formed. The three smearing ideas are e><|o|c1ineo| in the poragraphs
below, followed by their illustrations 10 D, E, F.

The stamp smearing method utilizes a spring loaded mechanism,
which functions simi|or|y to the mechanism of an old fashioned
mechanical date stamp. When p|oceo| on the g|oss slide and de-
pressed, a plate is lowered, and presses the fecal sample in to a
smear. This is similar to the traditional kato katz smearing method,

but inverted. It has the odvon’roges of speed and ease of use.

The roller smearing method uses a roller to flatten the measured
fecal somp|e. The somp|e is first covered with the soaked cello-
phone tape, and then the roller is opp|ied from one end of the
slide to the other, ensuring even pressure throughout its length.
Advon’roges of this method are speed, por‘robi|i‘ry and commercial
ovc:i|obi|i+y. Any low-cost print roller available |oco||y will produce
good results. A perceived disadvantage of this method is variation
in pressure exerted as the roller is moved o|ong the slide, creating

fapering smears.

The draw-down smearing method uses a straight, rigid scraping
edge fixed at a height equal to the desired thickness of the smear,
from the fop of the g|oss slide. After p|c1cing the standardized vol-
ume of fecal somp|e on the g|oss slide and covering if with pre-
soaked cellophane tape, the scraping edge is placed on one end of
the g|oss slide, and pu||eo| towards the other end, causing the fecal

somp|e to drog and form a smear o|ong the |eng’rh of the slide. The

Figure 12: The stamp smear works like an old fashioned ink pod based stamp. After de-
positing the fecal sample and placing the cellophane on top, the user uses the stamp to
exert uniform force on the feces to form a thin smear
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Figure 13: The roller smearer uses a roller to distributee the fecal sample in a uniform
smear across the glass slide

Figure 14: The draw down smearer uses a flat scraper to scrape the fecal sample across
the glass slide
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perceived advantages of this method are speed, ease of use, very
low cost (commercigHy available paint scraper can be modified),

and consistency of smears.
3.2 PRELIMINARY CONCEPT EVALUATION

Each of the three concepts generg’red for filtration and smearing
processes were compared with each other, and their perceived per-
formance against each criteria chosen was measured. The Harris
profi|e method was chosen for this purpose, as the method is specii(—
ically useful after multiple ideas have been generated, but specific
details have not been laid out yet. The designer can 'estimate’ if
and by how much the idea generg’red may posi’rive|y or negative-
ly satisfy the design specifications (van Boeijen et al, 2014). The
iCO”OWiI’ig were the criteria chosen for evg|ugiing filtration concepft

ideas, based on design speciiico’rions generg’red:
1. Filtration time - one sample

2. Filtration time - ten somp|es

3. No. of steps to filtered feces

4. Ease of cleaning and drying

5. Fecal contact with g|oves

6. Perceived unit cost

7. Perceived unit use cycles

Sirni|gr|y, fo||owing criteria were chosen for evg|ug’ring smearing

concept ideas:

1. Smearing time - one sample

2. Smearing time - ten samples

3. No. of steps to smeared sgmp|e
4. Ease of c|egning and drying

5. Fecal contact with gloves

6. Perceived unit cost

7. Perceived unit use cycles

8. Perceived smear consistency

Tables 3A and 3B show the filtration and smearing concept ideas’
perceived pericormgnces respectively. It is clear from them that for
the purposes of filtration and smearing, the iemp|g’re filter and
fecal draw down concepfts have the least drgwbgcks, and ’rnus, are

good candidates for further refinement, prototyping and testing.



o Template Filter Piping Filter Centrifuge Filter
Criteria
-2 -1 +1 +2 -2 -1 +1 +2 -2 -1 +1 +2
Filtration Time - One Sample
Filtration Time - Ten Samples
No. of Steps to Filtered Sample
Ease of Cleaning & Drying
Fecal Contact with Gloves
Perceived Unit Cost
Perceived Unit Use Cycles
Table 3A: Relative comparison between the filtration methods
o Stamp Smear Roller Smear Draw-Down Smear
Criteria
-2 -1 +1 +2 -2 -1 +1 +2

Smearing Time - One Sample
Smearing Time - Ten Samples
No. of Steps to Smeared Slide
Ease of Cleaning & Drying
Fecal Contact with Gloves
Perceived Unit Cost
Perceived Unit Use Cycles

Perceived Smear Consistency

-2 -1 +1 +2

Table 3B: Relative comparison between the smearing methods
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3.3 SIMULATED FECES FOR TESTING

Before proceeding further with concept refinement, prototyping and
testing, it was deemed necessary that a substitute be emp|oyeo| in
the place of actual feces (AF), as it makes testing, hono”ing and
cleaning of components a lot more convenient and hygienic. Ideally,
the simulated feces (SF) must be able to mimic the physical (rheo-
|ogico|) properties of actual feces as occurofe|y as possib|e. Chem-
ical properties maybe ignored, as long as none of the components

needed to perform the kato katz technique reacted with the SF.

A literature search was done to see if there were any standardized
formulations that would serve project needs. NASA developed five
variants of SF using the same list of ingredien’rs for sfudying waste
management processes in space for short term and |ong ferm mis-
sions. The SF variants formulated were physically and chemically
similar to actual feces, as They had to test fransportation, compact-
ing (water-removal) and incineration of feces to avoid bio-hazard
issues (Wignarajah et al, 2006).

o

Variant 4 was chosen for this project, solely for aesthetic purposes,
as it was mentioned that it retained the dark color of actual feces.
Of the different ingredients used, E. Coli, the bacteria was substi-
tuted with baker's yeast, as it readily available, does not pose «
bio-hazard risk, and has been used in deve|oping this variant, and
the switch to E. Coli was on|y made because yeast would create
pockets of air over time, reducing the density of SF and making st-
orge difficult. The solution was to make smaller batches of SF only

when necessary, and if stored for more than an hour, a good stir

would remove all the air bubbles, restoring the original density. An-
other chonge made was inorganic components. It is 5% by Weighf
and moin|y consists of Co|cium, Potassium and Phosphorus. As a
substitute, daily multivitamin tablets were ground into a powder

and mixed in with the rest of the ingredien’rs. Table 3 below shows

Weight Weight
Ingredient €19 €19
% (dry) % (wet)
Baker's Yeast 30
Polyethyene Glycol (PEG) 10
Psyllium Husk 5
Peanut Oil 20
Miso Paste 30
Inorganics (powdered multivitamins) 5
Dried, coarse ground vegetable
_ 50 mg
matter (ground coriander seeds)
Tap Water 50

Table 4: Ingredient list for synthetic feces #4, as developed by NASA for their experiments
with waste management for space missions (Wignarajah et al)
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the ingredients, and their respective percentage dry weights. Water
content in human feces varies between 50 - 90% of dry weight
(Nishimuta et al, 2006). For the purposes of this project, it was
assumed to be 50%. All ingredients were measured and put into
a standard urine and stool somp|e container (100 ml vo|ume) and
thoroughly mixed, except for yeast. This is because PEG and psyl-
lium husk need time in order to soak up moisture and change into
a ge| like consistency. Once the mixture is rested for an hour, yeast
is mixed in, rested again for ten minutes, and ’rhoroug|'1|y mixed. SF

is now reody ](OI" use.

The SF is used with a traditional kato katz kit to measure if the
weight deposited on to glass slides is similar to 41.7 mg, the weight

of actual feces deposi’red when the standard Temp|o’re is used. As

Figure 16: The weighfs of filtered fecal deposifs consisfenﬂy measure 40mg, showing that
the sythetic feces created is reliable for testing

seen from figure 12, the weight of two empty glass slides were first
measured to be 488 gms and 480 gms (noted on the left bot-
tom of the slides), and after deposiﬂng Sk somp|e using the stan-
dard template with a hole of diameter 6mm and height 1.5mm, the
weights were found to be 492 gms and 4.84 gms respectively. This
shows that SF deposi’red has a consistent Weighf of 40 mg. The
difference in weight between AF and SF is 1.7 mg, which is within
the occep‘rob|e 64% mean coefficient of variation for AF (Katz et
al. 1971).

3.4 MATERIAL SELECTION FOR PROTOTYPING

From the design specificoﬁons, it may be derived that materials
used to manufacture the new kato katz components must be easily
ovoi|ob|e, economico|, durob|e, chemico”y inert with common dish
soap, and sustainable. Steam sterilizable materials are a bonus.
Based on these requirements, a list of materials was made that sat-
isfied most or all of the conditions. Materials for both filtration and
smearing components are listed together as both have the same

requirements:

1. Aluminium Sheet

2. Standard Microscope Glass Slide - 75 x 25 mm
3. Stainless Steel Mesh

4. Nylon Mesh

5. Polycarbonate Sheet



6. Stainless Steel Sheet The following table compares each material in terms of the require-
ments stated above. As can be seen, silicone sheet with stainless

7. ABS Filament for 3D printing steel mesh for template filter, and 3D printed PLA for the scraper

8. PLA Filament for 3D printing were the obvious choices.

Material Availability Durability Economy Washable Sustainable Autoclavable

Aluminium Sheet

Glass Slide

Polycarbonate Sheet

Silicone Sheet

Stainless Steel Sheet

ABS - 3D Printing

PLA - 3D Printing

Stainless Steel Mesh

Nylon Mesh

Table 5: Perceived performances of different materials that could be used for manufacturing components of the improved kato katz method. The criteria were chosen based on design
specifications generated
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3.5 FINAL CONCEPT - DEsIGN & PROTOTYPING

Now that the materials have been selected, they may be used for
monufocfuring the prototypes. The porogrophs below exp|oin how

the filtration and fecal draw down designs were finalized.

The template filter will consist of two 75 x 25 x 0.8 mm rectangular
silicone strips, that have a rec‘rongu|or hole in the center, specifi-
cally measured and cut so that 100 mg of SF will be deposited on
the g|oss slide when the hole is filled ’rhrough the mesh. Between
the two silicone strips, a 304 stainless steel mesh of a size between
60 - 105 is fixed using a high temperature silicone adhesive. This
unit, when cured for 24 hours, will create a Temp|0+e filter that can
be used mu|‘rip|e fimes by c|eoning with dish soap as is standard
practice in LMICs, but can also be autoclaved if necessary. A batch
of fitty silicone template filters will last for a heavy day's work per
lab technician, and may be washed and reused for hundreds of cy-

cles, as both silicone and stainless steel are very resilient materials.

The draw-down smearer was more comp|ico’reo| to finalize in terms
of manufacturing method selection. Initial idea was to use commer-
cio||y available metal paint scrapers, and then mill their flat, scrap-
ing edges to have an inward rec’rcmgu|or notch, the dimensions of
which would be the thickness and width of the desired fecal smear
on the g|Oss slide. 100 mg of SF would be deposi’red, a soaked cel-
lophane would be placed on the sample, and would be drawn from
one end to the other, using the milled paint scraper edge. Though
this method would produce high|y accurate fecal thin films, the cost,

time and skill needed to produce mu|+ip|e scrapers would be a dis-

advantage. Also, if the desired scraper is discontinued, the process

of rep|c|cing it with a new one must be undertaken.

Keeping these difficulties in mind, it was decided that 3D printing
a holder for a commercio”y available standard razor blade would
be a feasible option, as the blades are mass produced, with good
structural and dimensional stability. They can be bought commer-
cio||y for very low prices, and a variety of material choices are
also available. 3D printing with materials such as ABS or PLA will
be very cheop and easy tfo manufacture at a local mokerspoce,
and could be safely cleaned and reused for multiple cycles. PLA
was chosen for this project as it was more sustainable compared
to ABS. The holder would have a slot in to which the razor would
be pushed in to form a ’righf fit. When o|igneo| with the g|oss slide
with the fecal sample and cellophane, the edge of the razor blade
will be at a height equal to the desired thickness of the smear. The
somp|e is then drawn down from one end of the slide to the other.
The software 'SolidWorks' was used to model the holder, and was
printed using a PRUSA i3 MK3 3D printer. ABS razor blades were
boughT online, which can cost a s little as 1¢ a piece retail. An exper-
imental prototype was made with five slots, each of which holds the
razor edge at a different heigh’r from the g|oss surface. The idedl
thickness of the smear was calculated by measuring the thickness
of a glass slide, preparing a kato katz sample with the traditional
method using the same slide, measuring the total thickness of the
g|oss slide + smear +cellophane, and finally sub’rrocfing the thick-
ness of glass slide and cellophane from the total. Once the best
thickness was found, a final model of the scraper was prin‘red, this

time with just one slot. The final concepts are illustrated in Figure 13
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Draw down scraper 3D printed
using PLA material. It aligns
with the g|ass slide at an ong|e
of 45 degrees, and the guides
on both sides prevent it from
s|io|ing toward the eges while

drawing down the smear

A converging set of guides make
sure that the smear does not
exceed 13 mm in widht during
draw down. This is not neces-
sary for manual microscopy, but
is important for testing with Mr.

Oyibo's automated microscope

A slot that houses the commer-
cially available ABS razor blade.
It has tight toerances, and fits
the blade snug|y so it does not
slide out. When ossemb|eo|, the
edge of th blade sits above the

g|oss slide

Polycarbonate sheets of thick-
ness 0.8 mm were used to create
the ’remp|0’re filter. Rec’rongu|or
holes were cut, and a 80 mesh
was sandwiched in between the
layers. The template would de-
posit 100 mg of feces

Both po|ycorbono’re and stain-
less steel are resistant to multi-

p|e cyc|es of washes using water

Figure 17: The final prototypes for the draw down smearer and template filter

and regular dish soap. The rigid
nature of polycarbonate ensures
that excess feces is not pushed

’rhrough once it is full

The adhesive used for joining
the |oyers is a high tfemperature
silicone gel. If necessary, lab
technicians may also  sterilize
the component using a steam
autoclave. Po|ycorbono’re may

not last many cyc|es in this case
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3.6 ON-FIELD TEsTING & FEEDBACK

Mr. Prosper Oyibo, one of the stakeholders who was interviewed
previous|y for the role of a lab technician, had a visit to Nigeria
scheduled, where he was to test his Schistoscope. He generously
offered to test the prototype on field, and proposed to hand them
fo two professiono| lab technicians who were Working on a s’rudy, SO
fhey could test the prototypes and provide real-world feedback. Be-
fore his depor’rure, the silicone ’remp|o’re filter and the draw-down
smearer were fested for the accuracy and re|iobi|i’ry of filtered SF
deposi’red on to the g|oss slide. Five smears were prepored, and
their weigh’rs were checked after each stage- empty slides, after
using ’remp|o’re filter, and after draw down smearing. These are

shown in Figures 14. Two prob|ems were immedio’re|y apparent:

1. SF was sticking to the underside of the silicone template fil-
ter when it was lifted after filtration, so for some somp|es the
weight was too low, and for some it was too high because the
user was frying to push through a larger quantity of SF to
compensate for the s’ricking, and since the ’remp|o’re is flexible, it

curved upwards and too much SF was forced through the mesh

2. Some of the smears spilled out during the draw-down process,
indicating that 100 mg may be too much for one slide. But be-
cause both somp|es that had spi||oge measured more than a
100 mg after filteration, it was assumed that the additional SF
deposi’red was the cu|pri’r

Figure 18: Steps showing the filtration and smearing processes using the prototype. As can
be seen, fecal deposits were incosistent due to flexibility of silicone
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The template filters were redone using rigid polycarbonate strips
with stainless steel mesh, keeping all the measurements the same.
It was hoped that this would stop excess amount of somp|e to be
forced through. The template filters, draw-down smearer and ABS
razor blades were taken to Nigeria, and two professiond| lab tech-
nicians tested the new kato katz kit with actual fecal somp|es. They
were each given a set of questions and asked for their type and
level of emotions experienced after using these components. The
questionnaire was designed based on the 'Premo' method of mea-
suring emotions (Laurans et al. 2017). Due to unforeseen troubles
with printing out the questionnaire, Mr. Oyibo had to verbd||y ask
the lab technicians the guestions, while showing them the emotions
on his phone, and noting down their answers. Hand written notes
of the interviews, as well as the questionnaire can be found in ap-
pendix B. The feedback received from the lab technicians was as

FO”OWS:

1. Filtering feces through the template was difficult as the area is
too small, and it takes about 30 seconds of scraping the feces

Through the mesh. It was not a p|eoson’r experience

9. C|eoning the Temp|c1fe is difficult as porﬂc|es of feces remain in

the corners of the rectangular profi|e

3. The draw-down smearer is not intuitive. Could not figure out

how it worked

4. 100 mg is too much for one slide. Spills over the slide and sticks

fo scraper

5. Scraping might break the eggs (opinion only)
6. Self aligning to slide is good

7. Does not create a transparent enough film, and is also not of

consistent thickness

8. Pressing, instead of draw-down action maybe better as it

spreads the sample evenly

Based on the feedback received, the following ideas were generat-

ed as possib|e solutions:

1. For the template filter, remove top layer of polycarbonate strip.
This will ou’romofico“y give the user more area to scrape the
feces through the mesh, and the user is no longer restricted by

the boundaries of the rechongu|or hole

2. Chonge the shope of the hole in the Jremp|o‘re from a rec’rong|e

to a circle. This way, there are no unreachable corners to clean

3. Decrease the capacity of the template hole to 80 mg instead
of 100 mg. A duplicate kato katz sample will still be able to
measure 6.5 EPG, thus satisfying the requirement of diagnosing

very light infections

4. Decrease the distance between the razr edge and the g|dss

slide to create more transparent films

5. Create a reliable s|iding mechanism to maintain constant gap

between razor and slide
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4. DESIGN UPGRADES & FUTURE

It was decided that it would not make sense to fry and find the
righi razor blade edge fo ce||ophone distance (or fecal smear thick-
ness, FST), as while SF did produce desirable film thickness during
trials, actual feces does not seem to rep|ico’re the same fransparen-
cy with the designed draw down smearer. Trials to find the op’rimo|
FST may only be made after finding the mean film thickness of
prepored somp|es using the traditional kato katz method, o|ong

with actual feces.

4.1 UPGRADING FILTER-TEMPLATE

Based on the feedback received from the lab Technicions, a newer
version of the Temp|ofe filter was created. As seen in figure 15, the
new template has a recess along its length to hold a standard mi-
croscopy g|Ciss slide. Two ﬂops on either side enable the user to hold
the slide down firm|y in p|oce with their thumb and middle fingers.
On the other side of the template, a circular hole with a stainless
steel mesh on top is provided. This gives the user omp|e space fo
move around the feces and push it ’rhrough the mesh. Lack of cor-
ners in the hole make it easier to clean after use. A|so, the amount
of filtered feces that this ‘remp|o’re can hold has been reduced to
80 mg, as 100 mg samples have shown instances of spillage. In this
case, each slide prepared is capable of a sensivity of 12.5 EPG, and
a duplicate sample will double the sensitivity to 6.25 EPG, making

it possib|e to achieve the tfarget of measuring very low intfensity

infections (£ 10 EPG).

Figure 19: Improved template filter manufactured based on feedback from lab technicians

Due to its re|o’rive|y comp|ico‘red geometry, 3D printing was
deemed to be the best monufoc’ruring method for the improved
’remp|0’re filter. The same material chosen for mdnufoc’ruring the
draw down smearer, PLA, was used for filter iemp|o‘re as well.
This template ensures that filtered feces is deposited at the same
location on every g|dss s|ide, moking uniform smears, and avoids

spi||oge.

39



4.2 DiscussioN & CONCLUSIONS

The traditional kato katz process has been divided into the filtra-
tion and smearing phases for easier study. Three concepts have
been generated, and evaluated relatively based on design specifi-
cations. The Temp|ofe filter and the draw down smearer have been
deemed to be the most suitable for moking the kato katz process
affordable, cost effective and eas to use. The first profotypes were
manufactured. The Temp|o’re filter was made of silicone and stain-
less steel mesh, while the draw down smearer was 3D prin’red us-
ing PLA filament and a commercially available ABS razor blade.
Pre|iminory tests showed that silicone ’remp|o’re was too flexible to
allow for consistent Weigh’r deposi’r of fecal somp|e, hence it was

changed to a more rigid polycarbonate material.

On field testing in Nigeria showed that 100 mg was more than
what a standard g|c|ss slide can handle. And the lab technicians
found it harder to filter the feces using the template, as well as
cleaning it. Hence a new template was created based on their
feedback, that would allow for this. The suggestions, as well as the
'hope{u|' reaction of the lab technicians show that there is po’ren’rio|
in taking this project further. Greater speed and reliability, sustain-
able materials and easy to use methods will cer’roin|y he|p reduce
overall somp|e preparation time, personne| and equipment costs,
and make the experience of preparing samples less uncomfortable

for the lab technicians.

There are, however, certain limitations to this method. Due to the

limitations in size of the g|oss slides, further increasing sensitivity,

even by preparing multiple slides from the same sample, becomes
exponen’rio”y harder. For examp|e, for the current somp|e Weighf of
80 mg, a sensitivity of 12.5 EPG can be obtained. A duplicate sam-
ple will give a sensitivity of 6.25 PG, and a triplicate sample, 4.11
EPG. In order to reach 1 EPG, 12 duplicate samples must be made.
Therefore, diagnosing extremely low infections (£5 EPG) will not
be practical using this method. Also, due to the larger dimensions
of the fecal smears created, manual microscopy will be re|oJrive|y
more tediuos, and the technician may be more prone to making
mistakes due to fatigue. The process may be much more suitable

for automated microscopy.

In conclusion, it may be said that the research question has been
answered in a positive manner, meaning that sensitivity, re|ic1bi|ify
and sustainability of the kato katz method can be improved, with
a few reservations. When the ideal film thickness of a prepored
slide with actual feces is meosured, further tests and trials will be
possible, and a standard method that has been invaluable and
unchanged for over 50 years may be used for early post treatment

SUI’V@i”OI’]CQ as We“

4.3 FUTURE ScoPE

There are many aspects of the project that may be taken further to
validate the use of this improved kato katz method on field. Follow-

ing are the actions that may be undertaken in the future:

1. The mean thickness of a fecal smear formed using the tradi-

tional kato katz me’rhod, using actual feces must be Found, as
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SF does not seem to rep|ico‘re the same thickness and franspar-
ency. Once this is achieved, the optimal FST can be found out

Through trial and error

Theoretical sensitivity of the improved kato katz method can be

validated using a known number of S. Mansoni eggs in SF

The enhanced design of the filter template based on user feed-
back can be validated by on field tests

User testing may also be used to verh(y zero dependence on skill

No. of use cyc|es moybe estimated. Once achieved, cost com-

parison may be made with a standard commercial kato katz kit

of 500 units

Further research on materials for 3D printing, as well as shape
optimization for the draw down smearer, as well as the im-
proved template filter may be done to reduce costs and extend
durability

Further expansion of the kato katz method - interms of increas-
ing sensitivity through use of larger quantities of fecal samples,
larger glass slides, along with automated microscopy methods

must be exp|ored
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