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ABSTRACT 

 

With a steeping scientific development, and a knowledge so efficiently spread in the current century, any group 

can have access to previously restricted or confidential information. Such globalization brings a lot of beneficial 

progress, but on the other hand allows tools to be accessed by those that do not edify our society. And that’s why 

it is the preventive capability that defines how good an organization reacts to what could be the unexpected. The 

reappearing of attacks by rebel groups has created a need for knowing, controlling and neutralizing such threats. 

This investigation is therefore born: the design of a functional, simple and accessible system that can simulate with 

precision and exactness the dissemination of pathogenic microorganisms. And if the design for an aerosolizer is 

something to be thought and created from scratch, its detection method is not. With the rise of biochips as the holy 

grail of bioassays, picking it was obvious. The portability, allied to a simple interface, good sensitivity and low 

investment make of it the go-to device to any kind of analysis that would by any other way, take much more time. 

A system was therefore designed that could, not only simulate winds on a sample, through an air flux chamber, but 

also analyse and quantify the quantity of scattered microorganisms of said sample, by analysis of a platform 

composed of a cytometer, magnetoresistive sensors (spin valves), a microfluidic system, and an electronic unit for 

signal processing. As a way of quantifying the contamination, Bacillus thuringiensis and Bacillus cereus spores, 

both species normally used as proxies for Bacillus anthracis, were prepared in liquid samples, simulating a sample 

withdrawn from the designed aerosol system, representing possible samples from both before and after the 

aerosolization. The biology tests were conducted based on detections that were already established for other 

biological compounds. A significant difference was found between the control (53) and the positive sample (4316 

peaks), therefore demonstrating the proof of concept. 
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1 INTRODUCTION 

While the physical sciences remain the true tool 

of warfare development, the recent rise in biological 

weapons brought a different approach to it, most 

notably by the 2001 anthrax attacks in the United 

States. The weaponization of bacteria goes back to 

the Nordic rebel poisoning of the Imperial Russian 

Army in 1916, but it was brought to the spotlight when 

a number of public institutions and workers received 

letters from an anonymous source containing as few 

as five grams of Bacillus anthracis spores. Even 

though it was later ruled out as a sociopath attack, it 

was first pointed out as a terrorist one, which started 

a completely new vision over the danger of 

weaponized biological species. 

Almost invisible to the naked eye and of hard 

detection, but of extreme pathogenicity, these 

microorganisms have an incubation period of 7 days, 

with cutaneous infections fatal in 20% of the 

untreated cases (1% if treated), inhalations fatal in 

75% of the cases even if treated, and intestinal 

infections fatal in 25% to 60% of the cases – the lethal 

dose being 10,000 spores1; it is of extreme 

importance that these microorganisms are studied to 

know not only its effects, but also how they 

propagate, its speed of dissemination, behavior when 

airborne, and rate of aerosolization.  

The need for an effective and realistic small-

scale simulator motivated most of what was 

developed in this work, although for now just on a 

proof-of-concept scale. An aerosol simulator was 

therefore designed, but not built, to be operated 

inside an existing isolated chamber (Figure 1), 

located at Laboratório de Bromatologia e Defesa 

Biológica in Portela, Lisboa. 

 
Figure 1 - Isolator GENTINGE La Calhène, with some 
custom built parts [Source: LBDB (2017)] 

 

The assembling had to fit inside the isolated 

chamber, which raised some limitations: the width 

had to be lower than 0.35 m (to fit the circular 

entrance), the total length had to be inferior to 1 m, 

and all materials were required to be sterilizable. The 

chamber is supposed to be used with two different 

samplers, the SASS® 2300 wetted-wall air sampler2 

which extracts and transfers airborne pathogens, 

particulates, bacteria and spores from sampled air to 

small water volume for analysis, and the Sartorius™ 
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MD8 Airport Portable Air Sampler3, that uses a HEPA 

filter or a gelatin membrane filter method, 

guaranteeing reliable and exact measurement 

results. The schematics for the full final aerosolizer 

are shown in Figure 2: 

 
Figure 2 - Side view of  a sketch for full aerosolization 
chamber, assembled with the liquid collector; 

 

The air captured on the outside passes through 

a series of HEPA filters, and only then is available 

inside the isolated chamber. Since the chamber is 

large enough for an air flow within that does not 

change pressure, our working air will simply enter 

and exit the aerosolizer multiple times. It gets in 

through the rotor, which has a frequency inverter for 

speed adjustment. There, it is forced through a piece 

roughly shaped as a cone 

After that, it enters our main chamber: a hollow 

tube with a shelf that occupies the whole diameter of 

the tube. This shelf has a cavity, the size and shape 

of a petri dish, in order to affix the sample to be 

aerosolized. Right before this cavity, there is an 

orifice with an 8mm diameter, which will allow for the 

insertion of a digital anemometer. Air flows through 

the chamber, and out of it, where it will at last find 

some resistance. Because the machinery that 

collects the samples has a specific maximum flow, 

not all the air we are analyzing will pass through to 

the end. Because of this, the main chamber is not 

sealed, and instead simply has a cone to channel 

most of the sample into the direction we are 

collecting. This way, we do not have to worry about 

the flow being the same getting inside and out, since 

it simply escapes after passing the tunnel. This air will 

be either collected, or recycled into the ventilator 

again. An acrylic structure holds the assembly 

together throughout the trials, with pillars to sustain 

each part. Each of the collectors will have a custom 

shelf, with its own pillars, so the air entrance remains 

aligned with the exit of the chamber. These pillars 

should be fixable with simple large bolts like 

galvanized steel eye bolts, to allow screwing without 

tools. 

From this point on, the focus was shifted 

towards the detection method, a flow cytometer. 

Sandwich ELISA surface tests were also executed, 

in order to confirm the efficiency of our formula and 

reagents. 

2 MATERIALS AND METHODS 

2.1 Flow cytometry 

Flow cytometry is a technique that enables the 

measurement of morphological, biochemical and 

functional characteristics of microscopic particles 

suspended in a stream of fluid. It allows for 

characterization and quantification at high rates and 

with a high-throughput4. The analysis of the particles 

can be performed by a different number of ways, from 

light scattering or staining by fluorophores or 

quantum dots and having the particles pass through 

a single-wavelength laser beam or arc lamp5. 

Besides detecting and counting, some 

cytometers can sort cells at high speeds based on 

the signal detected, without the sample losing 

viability or any particle-specific characteristics6.  

The detection platform presented in this work is 

based on a previously developed system7,8, as 

shown in Figure 14. The device is composed of 

magnetoresistive spin-valve sensors, and functions 

in conjunction with a microfluidic platform and an 

amplification & acquisition setup. The sensors have 

a micrometer spatial resolution and are sensitive to 

the magnetic field created by magnetized beads 

flowing in microchannels above them. The detection 

functions by counting each cell that passes over by 

giving information on the magnetization of the 

nanoparticles that flow with them. 

 
Figure 3 – Schematic of the microfluidic channel that 
passes over the sensor, where the particles of interest 

will be detected. L) 100 µm; W) 3 µm; Mw) 100 µm; Mh) 

50 µm. 

 

2.2 Magnetoresistive sensors 

The spin-valve (SV) sensors used work based 

on the giant magnetoresistance effect, functioning as 

linear magnetic field transducers9. When patterned 

by a large aspect ratio, with the long direction at 90 

degrees to the pinned layer magnetization easy 

access, the demagnetizing field changes the 

alignment of the free layer magnetization, which is at 

said 90 degrees to the pinned layer easy axis10. 

When affected by a magnetic field, the angle at which 

the free layer currently is, changes11 (Figure 4). 
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Figure 4  – Schematic of the sensor, and its layers’ 
functionality. 

This measured signal is dependent on a 

number of factors, so a few approximations are made 

so as to reduce the variables accounted for: the 

magnetically labeled spores are spherical, the 

magnetic moment of each spore is the sum of the 

magnetic moments of the nanoparticles (NP) 

attached to it, that said NP are evenly spread along 

the surface of the spores, and that each magnetic 

particle has a perfect magnetic dipole. 

The reaction signal can be simulated, and the 

output voltage calculated using its sensitivity, 

resistance, dimension, and biasing current, and the 

MP height, speed, susceptibility and saturation 

moment, using the following equation: 

 
∆𝑉 = (

∆𝑅𝑚𝑎𝑥

2𝐻𝑘
𝑒𝑓𝑓

) × 𝐼 × 〈𝐻〉𝑦 (1)  

In (1), ∆Rmax is the maximum variation of the 

sensor’s resistance (the difference between its 

resistance when in an antiparallel and parallel state), 

Heff
k the effective anisotropy field, I is the sensor bias 

current, and 〈𝐻〉𝑦 the y component of the average 

field over the sensor free layer volume, created by a 

MP when magnetized by an external field. Since our 

particles are not stationary, but instead are moving 

over the sensor, the magnetic field detected by it will 

differ with time11. In addition, considering a 

microfluidic rectangular channel, velocities will vary 

depending on the height at which the spores are 

passing by, from where different pulses will arise, 

both in time span and amplitudes (Figure 5Error! 

Reference source not found.). 

 

 
Figure 5 - Signal for cells labelled by uniformly 
distributed nanoparticles, vertically magnetized, at 
different heights (5 mm, 7 mm and 11 mm), flowing from 
left to right. 

2.3 Spin-valve layers 

The physical platform used in this work was 

from a previous publication12, the cytometer platform 

used was composed of magnetoresistive sensors, 

readout/acquisition electronics and the microfluidic 

channel. The device fabrication and layers were 

based on spin valves (SV) deposited by ion beam 

deposition on a Nordiko 3000 tool with the following 

structure:  

Si/Al2O3 60/Ta1.5/Ni80Fe20 2.5/Co90Fe10 2.0/Cu 

2.1/Co90Fe10 2.0/Mn76Ir24 6.0/Ta 5.011,13 (thickness in 

nm, compositions in atomic %), patterned with 3 µm 

x 100 µm active dimensions (measured between the 

AlSiCu 300 nm thick contact leads), as shown in 

Figure 6. Passivation was done with a 300 nm thick 

Si3N4 layer deposited by PECVD (Electrotech Delta 

chemical vapor deposition system). Sensors were 

annealed at 250ºC for 15 minutes, in vacuum, and 

cooled under a 1 Tesla magnetic field. 

 
Figure 6 - Spin valve deposition layers, to scale, tilted 
sideways. 

 

The MP used have a superparamagnetic 

signature, which means that to activate their 

magnetization an external vertical field created by a 

permanent magnet had to be used (NdFeB, 20-10-

01STIC, Supermagnete, Gottmadingen, Germany) 

below the printed circuit board (PCB) (Figure 7). The 

magnetic field strength at the microfluidic channel 

center was 31 mT, so the individual nanoparticles 

were magnetized with a magnetic moment of 2.0 x 

1018 A.m2. 

 
Figure 7 - On the left, the microchip before installation 
(scale bar = 5mm); 1) Sensor contacts; 2) Spin-valve 
sensors. On the right, the PCB setup that is shielded in 
the black box; A) Permanent bonded chip; B) 
Permanent magnet; C) Amplifiers and filters; D) PCB 
output channels. 

 

The electrical leads were patterned by 

lithography and liftoff in a 2-contact geometry, and 

consist of 300 nm thick sputtered Al (Al98.5Si1Cu0.5 in 

percentages) and 15 nm of TiW(N2). The sensors 

have a sensing area of 3 µm x 40 µm (sensor height 

x distance between electrical leads). They are 

located at different positions along the length of the 

channel, positioned between the edges of the full 

width of the channel. The characterization response 

for the 11th SV sensor (transfer curve) had a 

magnetoresistive (MR) signal of 8.52% with a 
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sensitivity of 1.32% per mT, leading to a sensitivity of 

7.684 V.T-1 for a 1 mA bias current.  

The magnetic nanoparticles (84-20-102 

micromod BNF-Dextran proteinA coated 100nm) 

used in the experiments have an iron concentration 

of 6.0 mg/ml and are coated with dextran. These 

labels are already functionalized with proteinA. The 

magnetic moment dependence on field of these 

particles was measured for a 10 mL sample with a 

concentration of 6.0x1012 particles per mL using a 

Vibrating Sample Magnetometer DMS (Digital 

Measurement Systems, model 880). This technique 

is normally used to study the magnetic moment of 

thin film samples but it can also be used for solutions 

containing magnetic particles, the only difference is 

the holder. A specific quartz reservoir is filled with the 

solution containing the beads and afterwards is 

placed on a vertical quartz rod that vibrates along the 

vertical direction at a frequency f. 

 This movement originates a change of the 

magnetic flux, inducing a differential of potential in 

the set of pickup coils placed around the sample. This 

potential is proportional to the total magnetic moment 

of the sample. For the magnetic beads sample a total 

saturation moment of 7.80x10-6 A.m2 was measured 

for 6.0x1010 particles, leading to an individual 

nanoparticle saturation moment of 1.30x10-16. The 

nanoparticle magnetization saturates for fields higher 

than 1 T. 

2.4 Microfluidics 

The microchannels were fabricated in 

polydimethylsiloxane (PDMS), with 100 µm (length), 

50 µm (height), according to one of the works on the 

platform14. The integration of the magnetoresistive 

chip with the PDMS microchannels was achieved 

through irreversible bonding of the Si3N4 and PDMS 

surfaces. Both surfaces were exposed to 

ultraviolet/ozone at 28 mW.cm−2 and 5 mm distance 

from the UV lamp inside the UV-O cleaner machine 

for 15 minutes and then mounted face-to-face and 

manually aligned, to be kept at room temperature, 

overnight. The ensemble was then mounted on the 

PCB, where the sensors were wire-bonded and the 

wires protected with silicone. 

2.5 Electronics 

A PCB containing 14 spin-valve sensors was fit 

on a pin header, and connected to a 5000x gain 

amplifier with a high-pass filter of 300 Hz and at low-

pass filter of 10 Hz, and a configurable DC source 

ranging from 0.25 mA to 2 mA (Figure 25). The 

sensor signals were recorded using a 16 bit analog-

to-digital converter (ADC board DT9836-12-2-BNC) 

at a 50 kHz acquisition frequency. Said signals were 

then processed using a Matlab software, by using a 

low-pass filter with a cutoff frequency of 2 kHz, 

storing the acquired data on a laptop. 

2.6 ELISA surface tests 

2.6.1 Solutions used 

Unless otherwise noted, all trials were run at 

INESC-MN Biolab, room 011. Antibodies were 

acquired from Abcam (ab20556; given its large 

spectrum of Bacillus targets, the immediate 

availability of the antibodies, and having been 

referred as functional for the sample spores that were 

handled) and diluted to 250 µg/ml in a 0.1 M pH 7.4 

Phosphate-buffered saline solution (PBS). Spores of 

Bacillus thuringiensis and Bacillus cereus were 

cultivated and purified at LBDB, and diluted to 

109 CFU/mL, a BSA 5% and BSA 1% solution, both 

in PBS, was readied, and PBS Tween 0.02% also 

prepared. Very small gold-coated dies, 7 x 5 mm 

rectangles obtained by deposition of a thin (500 Å) 

film of gold on top of a 16 in silicon wafer that had 

been previously coated with 50 Å of chromium to 

promote gold adhesion, and then cut, using a dicing 

saw, were cleaned with IPA and water (at INESC-MN 

wet bench in the grey area), using an air gun to dry, 

and set for 11 minutes in an UVO Cleaner (at INESC-

MN grey area). All the surface incubations were 

carried in simple petri dishes at room temperature. 

MilliQ water purchased from Millipore® (ultra-pure 

water), and Isopropyl alcohol (IPA) was bought from 

Pronalab. 

2.6.2 Surface functionalization 

A single 2-µl drop of linker was used to spot 

each of the gold dies (Sulfo-LC-SPDP, bought from 

Sigma-Arldrich), which were then incubated for 

20 minutes. Half the surfaces were then spotted 

(2 µl) of AB (pDies), and the other half with the same 

amount of 5% BSA (nDies), followed by a 2 hour 

incubation. All washing was done twice in 

PBS Tween and with the help of a magnetic 

separator. 

2.6.3 Magnetic particles and spore binding 

To be added to the dies after the incubation, two 

solutions were created in two separate Eppendorf 

tubes, using 10 µl MP stock solution and 20 µl AB, 

which were re-suspended, and 100 µl PBS, and set 

to agitate for 1 hour. They were then washed, and 

100 µl 5% BSA was added and incubated for 

40 minutes, to ensure the saturation of Protein A 

bonds. A final wash was executed, and for one of the 

tubes 20 µl of spores and 80 µl PBS were added 

(pMix) while for the other 100 µl PBS was added 

(nMix). Both were set to agitate for 30 minutes, after 

which they were washed and re-suspended in 20 µl 

PBS. 

2.6.4 Probe – spore binding 

Holding by its sides, the dies were soaked in 

PBS, and left to dry. They were then incubated with 
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1% BSA for 30 minutes, to further ensure the gold 

surface would not unintentionally bond, and then 

rinsed with PBS, and 5 µl pMix was added to 3 pDies 

and 3 nDies, along with 5 µl nMix added to 3 pDies 

and 3 nDies. They were set to incubate for 30 

minutes, and then rinsed with PBS, PBS Tween, and 

water, let to dry, and analyzed.  

2.6.5 Microscope and ImageJ 

The gold dies were analyzed under optical 

microscopy, using the same values for exposure time 

(50 ms), gain (1.0x) and color saturation (1.00x), 

under the 10x objective for the B. thuringiensis, and 

2.5x objective for the B. cereus. Since the black MP 

are clearly visible once accumulated, it is easy to pick 

apart the control dies from the positive one. To 

confirm this differentiation, ImageJ (version 1.51p, 

USA National Institute of Health) was used as a tool 

to compare the contrast between the dies. ImageJ is 

a software that allows for the measure of brightness 

intensities, or the surface percentage covered by 

differently colored pixels. To do this, the images were 

converted to their 8-bit versions, and then 

thresholded using the same values amongst them, so 

that the background could be taken off the account. 

By using the “Measure” plugin, the software was then 

set to give the area analyzed (Area), the gray scale 

value – from 0 to 255 (Mean), and the percentage of 

coverage (%Area).  

2.6.6 Cytometry sample 

After having the biology tested, two solutions 

were prepared for analysis on the cytometer, based 

on current INESC-MN work15,16. 10 µl MP were 

placed in an Eppendorf and washed 3 times. After 

separating, 12 µl PBS was added and put to spin-

down for 1 minute. 5 µl of these particles were then 

added, along with 50 µl PBS to two separate 

Eppendorf tubes. To one of the Eppendorf tubes 

(pSample), 10 µl AB were added, while for the other 

Eppendorf tube (nSample), 10 µl PBS was added. 

Both were re-suspended, and left to agitate for 1 

hour. They were then parted in the magnetic 

separator, disposed of its liquid content, incubated for 

40 minutes with 50 µl 5% BSA. 30 µl of spores were 

centrifuged for 5 minutes in an Eppendorf tube, and 

its supernatant disposed. The spores were then 

washed with 20 µl PBS, re-centrifuged, its 

supernatant disposed, and 32 µl PBS added; 15 µl of 

this solution was added to each of the nSample and 

pSample, after magnetically separating the Samples, 

along with 85 µl PBS, re-suspended, and put to 

agitate for 30 minutes. They were then put to spin-

down, supernatant removed, and re-suspended in 

100 µl PBS. 10 µl was then drained into a tube, for 

analysis on the cytometer. 

2.6.7 Biosensor analysis 

Each trial begins with noise measurement on 

the sensor by injecting PBS at an initial flow rate of 

20µl/min, increased to 50µl/min, and when close to 

the microchannel reduced again to 20µl/min. 

Between sampling, the channel was always cleaned 

with deionized water and then PBS, by increasing 

flow rate to 90µl/min, and changing the direction of 

flow if it seemed to clog. The PBS was kept flowing 

until reaching noise values again, indicating no MP 

was passing through the sensor. If the flow seemed 

to halt, its velocity would be gradually increased to 

40µl/min, and reduced to the initial value when 

moving again. 

 

3 RESULTS AND DISCUSSION  

3.1 B. thuringiensis tests  

In the beginning, it was decided that since the 

preliminary testing was based on the most recent 

experiments using the static biochip, the first formula 

was designed according to it17 (a method not 

included in this work, as it was later changed), and 

only the B. thuringiensis spores were tested. 

Because of this, a high concentration of magnetic 

particles was obtained on the dies, good enough to 

produce measurable results, but still having some 

MP on the negatives. After observation, Error! 

Reference source not found. shows the three 

negatives and the full sample, along with the ImageJ 

result obtained. 

 
Figure 8 - Surface tests for B. thuringiensis (scale 
bar = 100 μm), and its result from an 8-bit inverted 
ImageJ grey scale analysis. A) Control without antibody 
and spore; B) Control without spore; C) Control without 
antibody; D) Positive test. 

 

As it can be seen even without the numerical 

analysis, the dies that do not contain both the spores 

and the antibodies are clearly brighter, and contain 

far less MP. Upon analysis of the ImageJ result, we 

can see the percentage of covered area raises from 

10% to more than 72%, thus confirming the biology 

of the ELISA using that specific antibody, but still 

showing some signal in the negative dies. It is 

important to note that the antibody used is sold only 
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as reacting “with spores and vegetative cells of 

Bacillus cereus and Bacillus subtilis. Antiserum is 

unabsorbed and may cross-react with other Bacillus 

species”. 

3.2 B. cereus testing  

For the second surface testing, the species B. 

Cereus was used. Here, the final formula was used, 

chosen to be the one for the static platform tests, if 

they ever were to be executed, and follow the steps 

described in chapter 5.1 to 5.4. The results are shown 

in Figure 9.  

 

 
Figure 9 - Surface tests for B. cereus (scale bar = 1 mm), 
and its result from an 8-bit inverted ImageJ grey scale 
analysis.  A) Control without antibody and spore; B) 
Control without spore; C) Control without antibody; D) 
Positive test. 

 

Once again, the difference is noticeable at 

visible eye, and confirmed with the ImageJ analysis 

of the percentage area covered, that raises from 

around 9% to over 80%. The antibody was therefore 

confirmed to be working for our sample of B. cereus 

spores. Although the results were visible, the 

surfaces still were not blocked 100% efficiently, as 

our controls still had some surface coverage.  

3.3 Cytometer data 

For the data analysis on Matlab, all data files 

had to first be condensed into one organized file 

containing the information pertaining to only one 

sensor, and then, using that file, the average and 

standard deviation was found and the number and 

locations of peaks above that pondered average 

registered, along with the signals plotted. First for the 

blank sample, secondly for the negative and positive 

samples. With the blank plot (Figure 10Error! 

Reference source not found.), a noise level was 

defined as the maximum signal attained while taking 

into account the standard deviation. With this value 

(1.978×10-5 volts), the positive sample data (Figure 

11Error! Reference source not found.) was then 

plotted while requested to locate all the peaks where 

the signal was in excess of the noise. 

 
Figure 10 - Plot for the blank PBS sample from the 11th 
sensor. This was the defining step of our noise level, 
1.978×10-5 volts, for the peak count afterwards. 

 

 
Figure 11 - Plot for the positive (with antibodies) sample 
from the 11th sensor. In green, we can see the peaks 
that were located and counted. It can also be seen 
around where the flow stopped (300s), and where it 
resumed (650s), unfortunately, not for long enough for 
all the sample to get through. 

 

As it can be seen, the signal is nowhere near 

uniformity. At 300 seconds, the peak number drops 

drastically, because the channel clogged, therefore 

interrupting the flow. For this reason, the analysis 

was only taken into account while the flow was 

normal, and the plot and peak count measurement 

capped at 300 seconds (Figure 12A), and to make 

sure there was no misreading of each peak, the scale 

was further reduced, amplifying the image gradually 

in order to isolate and observe the curvature of a 

single peak. 

 

 
Figure 12 - Plots for the positive (with antibodies) 
sample for the 11th sensor. In green, at A), we can see 
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the peaks that were located and counted (N=4316). The 
scale was gradually reduced in order to zoom in a peak, 
initially at a 300 (A) seconds interval, to 2 (B), 0.1 (C), 
and 0.005 (D) seconds. 

 

With this, the control sample was plotted under 

the same conditions, so that a comparable graph and 

number of counts was obtained. Error! Reference 

source not found. shows the plot for the control 

sample at the counted limit, along with the reduced 

scale graphs. 

 

 
Figure 13 - Plots for the control (no antibodies) sample 
for the 11th sensor. In green, at A), we can see the peaks 
that were located and counted (N=53). The scale was 
gradually reduced in order to zoom in a peak, initially at 
a 300 seconds interval, to 2, 0.1, and 0.005 seconds. 

 

As it can be seen from the 300 seconds 

timeframe, there was just a few starting peaks that 

managed to be registered. This is most likely due to 

an agglomeration at the inlet of the microchannel. 

Unfortunately, the few seconds afterwards are most 

likely a flow halt, since the signal drops below noise 

level. Yet, as we observe the flow returning, we do 

not see peaks, which leaves the question as what 

provoked the clogging (if it were MP, we would most 

likely see a peak afterwards). 

With a detection difference of 81 times the 

number of peaks in the control sample (the control 

yielded 1.23% of the number of peaks in the positive 

sample), the qualitative tests were completed.  

4 CONCLUSIONS 

Two different surface tests were presented, one 

for each Bacillus species. Because these were 

preliminary tests, the concentrations were set a bit 

higher than what probably would be the best 

conditions. In addition, some controls had some 

adherence. As stated in the respective section, this is 

most likely due to an inefficient BSA blocking, but 

should be explored further. The linker usage should 

also be confirmed, and if not, eliminated altogether. 

On the cytometer platform used, different 

concentrations should now be tested, and a 

calibration curve for the amount of spores vs signal 

should be created. A starting detecting range was 

now proven to work, and the concentrations should 

now be reduced to find out if there are no clogging 

issues, or if it really is a blocking or agglomeration 

problem. 

Spores of Bacillus thuringiensis and Bacillus 

cereus at 6.43 μg/ml and 7.58 μg/ml (107 CFU/ml) 

were chemically bound with success to gold dies as 

surface tests, using a formula developed in this work. 

On the cytometry platform, Bacillus thuringiensis at 

the same concentration was analyzed using a 

method based on these surface tests, and 

successfully detected, yielding a spore count of 4,316 

for around 300,000 spores the sample contained 

(when taking into account that less than 10% of the 

sample got through the microchannel). Although still 

a low number for an individual counting platform, the 

results differentiate with significance from the control 

count (53), setting therefore a threading path for a 

correlation between peak number and number of 

spores. Dilutions of 1000, 100 and 10 times the final 

solution would be recommended, as to try and find at 

which concentration interval does the negative yield 

a less proportional count, followed by raising and 

lowering the concentration from -5x to 5x in small 

steps to give the best spore detection range. 

This work stands off as a proof of concept for a 

spore detection system using the spin-valve flow 

cytometry platform, and as a preliminary design for a 

malign contamination simulation chamber.  
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