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Rapid and precise methods to ascertain the presence of viruses are needed for clinical and industrial applications. Available methods
are currently slow, imprecise, and have limited sensitivity. A nsilver (Ag) coated nanorod (AgNR) array in combination with surface
enhanced raman spectroscopy (SERS) have been developed to rapidly detect viruses (30-60 seconds) with enhanced sensitivity and
specificity. The AgNR substrate enables unimpeded molecular and structural characterization of viruses. This method provides high
sensitivity, in the attomolar region, and exhibits the ability to detect trace levels of virus in material while forgoing manipulation or
amplification of the virus. This research shows that SERS may detect molecular signatures from important respiratory RNA and DNA
viruses. The viruses studied were Swine Influenza (SIV) and Porcine Respiratory and Reproductive Syndrome (PRRS), in pig oral
samples, due to their impact on the pork industry and as a vector for transmission to humans. The AgNR substrate was made using
oblique angle deposition (OAD) of Ag and Titanium (Ti) onto a glass backing, and polydimethylsiloxane (PDMS) was used to mold
wells to hold the viruses on the substrate. Results were analyzed using principle component analysis. Polymerase chain reaction was
used to confirm the presence of the viruses in the oral samples. The results show that SERS is able to provide real-time, direct, and
rapid detection of viruses providing a link between the limited sensitivity of the available bioassays and the need for more rapid and
sensitive detection of infectious viral agents.
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""" Experimental Methods

The substrate was made by using a vacuum chamber to deposit a 200nm layer of titanium onto a glass slide. Ag was then deposited to a
height of 2000nm on the slide using oblique angle deposition technique. Having developed the substrate, wells were created on the array by
using the PDMS polymer and molding circular wells on the substrate.

Saliva samples were obtained by placing a cotton rope in the pen for the pigs to chew on. The sample was extracted by draining the rope of
fluid. The oral pig samples were filtered, centrifuged, and purified with polyethylene glycol (PEG) purification. PEG 6000 was used to
concentrate the viruses by precipitation, then the samples were dialyzed overnight.

The oral samples were placed into the wells of the AgNR array in tandem so that two identical sample sets were placed on the substrate. The
viruses were allowed to incubate for three hours, after which one of the sample sets were washed with purified water. The wash was
accomplished by pipetting water into and out of the well ~ 4 times per well.

Raman spectroscopy was performed at 785nm and at 10mW on each sample of the AgNR array, selecting ten sites per well. Experimental
data was collected and analyzed using Matlab and a third party partial least squares analysis module (PLS-Toolbox). Reverse Transcriptase
(RT-PCR) and real time (Q-PCR) were used to ascertain the presence of SIV and PRRS RNA. The tests used to determine Q-PCR for SIV RNA was
the “Vet Max Gold one-step RT-PCR detection kit”, and “Vet Max NA and EU PRRS V” for PRRS; both kits were from Applied Biosystems. The
RT-PCR used was a one-step kit from Qiagen. The RNA of oral pig sample was extracted using Ql-amp viral RNA kit from Qiagen.
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Principle component analysis (PCA) is a statistical procedure that converts a set of observable variables that may be
correlated to a set of linearly uncorrelated variables using a orthogonal transformation

Data presented on the oral pig sample set show distinct cluster of points that correlate to virus presence in the sample
Results indicate that viruses may be differentiated at a much lower threshold then is detectable using PCR
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SERS in conjunction with a AgNR array as the substrate allows for a faster, more accurate, method to differentiate
viruses in the porcine oral sample. Q-PCR and RT-PCR results were negative for most of the samples, and this is in
juxtaposition to SERS data that showed positive results. One hypothesis is that RNA degradation took place from
when the samples were received, to when PCR was performed. The inability for PCR to detect virus RNA in low
concentrations in the sample set, while SERS is able to corroborate viral presence, leads to the observation that
SERS is able to detect virus population levels at a much lower level than traditional methods.

Future work involves optimizing the SERS emissions so that a viral database maybe created for use in the field.
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