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Figure S1. Measurement of hCG levels in urine samples using commercial pregnancy strips. (a) To
determine the hCG concentration in the urine samples a calibration curve was prepared using commercial
pregnancy test strips. hCG was diluted to various concentrations in simulated urine. The strips were dipped
into these solutions with known hCG concentration. Images of the test strips (inset) were taken under the
same illumination conditions using a smartphone camera. The absorption values were plotted for the
average and standard deviation of 3 test strips, and the calibration curve was formed by sigmoidal fitting.
The highest three concentrations show deviation from the sigmoidal pattern, yet; concentrations below 10
nM show good correlation with the expected value, and we only apply this calibration curve for samples with
concentration below 10 nM. (b) The absorption levels measured from urine samples obtained from single
donors, which are at first (T1), second (T2), and third (T3) trimesters of pregnancy, as well as non-pregnant
female (F) and male (M) donors. The negative control is the simulated urine. To prevent the concentrations
from exceeding the reliable measurement range of pregnancy test strips, samples were diluted 100 times
in simulated urine before the measurement. The values correspond to hCG concentrations of 37 nM, 3 nM,
and 11 nM in the three semesters of pregnancy.

Error analysis for Fig. 3d.

The equation for the logistic curve fit for absorbance (4) shown in Fig S2(a) is given by
B1—B>

x\?
1+(—)
X0

A=f(x)=B,+

Then, we can define:
g(A;XO, Bl! BZ' p) = f_l(A)
Standard error propagation results in:
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The error bars in Fig. 3d are +o,. The values for 04,03, ,03, 0, are obtained from the 68% confidence interval

bounds from the fit in Fig S2(a) and are 3.27 x 107'°, 0.160, 0.140, and 0.484 respectively. The fit
parameters are xo = 7.26 X 10 1% B;=0.045; B,=1.56; and p=1.07. The mean absorbance values are: 0.560,
0.081, and 0.242 for trimesters 1, 2, and 3 respectively.
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Figure S2. Filtering of the optical data. (a), The measurement performed in this graph is a background
noise measurement of the inherent stability of the laser. (b), The data is Fourier transformed. Peaks in the
spectrum correspond to periodic noise. These frequencies, including 60 Hz electrical line noise, and their
multiples are filtered using a custom-built script. All the data above 1 kHz is also filtered because of the
dither signal at 2 kHz, and because we are not interested in events occurring at time scales on the order of
1 ms or shorter. (c), The Fourier spectrum after filtering. (d) Inverse Fourier transformed data after filtering,
drawn in blue. After Fourier filtering, a median filter is applied to the data.
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Figure S3. Relationship between temperature and resonance wavelength shift. To determine the effect
of temperature on resonance wavelength shift, a microtoroid was immersed in water and heated to 28°C
using a PID-controlled heater embedded into the measurement stage. The heater was then turned off, and
as the system cooled, the resonance frequency of the toroid was tracked. (a) The wavelength shift with
respect to time is linear over a range of at least 40 s. (b) The temperature of the sample chamber as
measured by a thermocouple positioned near the toroid. (c) A linear fit of the temperature measurement.
The r2 value of the linear fit is 0.9995. (d) The wavelength fit plotted as a function of temperature. It has a
linear relationship with respect to temperature. A temperature change of 1°C corresponds to a wavelength
shift of approximately 5 pm.



(a) (b) (c)

21.9500 a0 E 2218 = =
* Temperature 0 & ® Temperature «E e Temperature -g
21,9495 Wavelength shift € 22T wavelength shitt 70 = 223151 __ wavelength shif 4100 &=
1300 £ LI z
— « ~ 2216 0h  ~ 7]
§ 219490 £ O s O 5
L 0% o as s T L2310 5
[} o @ o
5 21.9485 200 g 5 2214 % s 2
5 £ San 05 € st 3
8 21.9480 {102 g s g8 =
E oo B 52212} wE £ g
2 " " e = [t c
2t Simulated urine g 21| 100aM  Jao§ 7 22300p 2
ppaT i s T v v g e e g o g g 4199 0B T i : & cv e s Ep ey iy &
0 2 4 8 8 10 12 14 16 18 20 "0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Time (s) Time (s) Time (s)
(d) (e), ) ~
22380 - 2370 — 200 E £
s Temperature E Temporaturo = 22.360 - * Temperature =
22.375| —— Wavelength shift TZ 22365 —— Wavelength shif 100 & —— Wavelength shif o E
£ 7] n
_.22.360 . 22355
& 22370 LB - ° £5 100 B
— = -8 o D - [=]
£ 22385 g g 2% 11005 o 22350 5
" 2 32 D 3 [
2 % 5 22390 2005 ® 200 &
© 22,360 £ 2us Z g 2345) =
5 22 385 E WE 5 300 £
= 22.340 o
g (= ] 400 g = 22340+ g
22350 2 223350 100 fM 2 400 §
L P S S U 1,11 4 Py ] T A S S S | " o
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Time (s) Time (s) Time (s)

—
[(e]
~—

—_

=3
=

* Temperature
—— Wavelength shift 1

® Temperature

=]
S
2w
o o
S &

—— Wavelength shift

E 3
=
22.365 £ £
= B [}
8] 0 £ O £
o £ £ u0f 100 D
e 5 2 5
5 22380 -mo@ 2 -200§
3 o $ 223 5
<% = g 300 =
g 200 = 5 z
© -400 ®©
" 100 pM g 20 10nM g
P 300 3 500 @
oy ey ey & P ——
0 2 4 B 8 10 12 14 16 18 20 0 2 4 6 B 10 12 14 16 18 20
Time (s) Time (s)

Figure S4. Simultaneous wavelength and temperature measurement. (a)-(h) Changes in temperature
of the sample cell and resonant wavelength shifts of the toroid in response to increasing concentrations of
hCG in simulated urine are measured. In panel (a), only simulated urine with no hCG present is used. The
red line represents the wavelength shift of the toroid. The blue dots represent the temperature as measured
by a thermocouple. Even at concentrations (e.g., 100 aM) that are slightly below our limit of detection, hCG
binding generates wavelength shifts that deviate from the thermal shift measured using a thermocouple.



