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Figure 2 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 
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Figure 14 
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METHODS OF PCR-BASED DETECTION OF 
”ULTRA SHORT” NUCLEIC ACID 

SEQUENCES 

RELATED APPLICATIONS 

[0001] The present application claims priority to, and the 
bene?t of, US. Provisional Application No. 61/13 5 ,3 64, ?led 
Jul. 18, 2008. The contents of this application is herein incor 
porated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention provides highly sensitive 
methods used for diagnosing and monitoring various diseases 
and disorders by detecting and analyZing “ultra short” (20-50 
base pair) nucleic acids obtained from bodily ?uids. 

BACKGROUND OF THE INVENTION 

[0003] Cell death is an essential event in the development 
and functioning of multicellular organisms. In adult organ 
isms, cell death plays a complementary role to mitosis in the 
regulation of cell populations. The pathogenesis of numerous 
diseases involves failure of tissue homeostasis Which is pre 
sumed to be linked With cytotoxic injury or loss of normal 
control of cell death. 
[0004] There exist tWo major types of cell death, necrosis 
and apoptosis, marked by different morphological and 
molecular characteristics (Kerr et al., Br. J. Cancer. 26: 239 
257, 1972; Umansky, J. Theor. Biol. 97: 591-602, 1982; 
Umansky and Tomei, Adv Pharmacol. 41: 383-407, 1997; 
Ameisen, Cell Death Differ. 11: 4-10, 2004; Lockshin and 
Zakeri, Int J Biochem Cell Biol. 36: 2405-19, 2004; and 
Kroemer, et al., Cell Death and Differentiation 12: 1463 
1467, 2005). Necrosis is considered to be catastrophic meta 
bolic failure resulting directly from severe molecular and/or 
structural damage and leads to in?ammation and secondary 
damage to surrounding cells. Apoptosis, also termed pro 
grammed cell death, is a much more prevalent biological 
phenomenon than necrosis and can be induced by speci?c 
signals such as hormones, cytokines, by absence of speci?c 
signal such as groWth or adhesion factors, or by molecular 
damage that does not cause catastrophic loss of integrity. 
Apoptosis is a result of an active cellular response involving 
initiation of an orderly and speci?c cascade of molecular 
events. Apoptosis leads to the appearance of distinctive chro 
matin condensation and margination, nuclear fragmentation, 
cell shrinkage, and membrane blebbing. Enzymatic intemu 
cleosomal fragmentation of nuclear DNA is a hallmark of 
apoptosis, although some cells die by apoptosis Without inter 
nucleosomal DNA cleavage (Umansky et al., Biochim Bio 
phys Acta. 655: 9-17, 1981; Arends et al., Am J. Pathol. 136: 
593-608, 1990; and Zimmermann et al., Pharmacol Ther. 92: 
57-70, 2001). Other, more rare forms of cell death, character 
iZed by speci?c morphology, for example the so-called 
autophagic cell death, have also been described. 
[0005] It is Well knoWn that apoptosis, or programmed cell 
death, Which is a major form of cell death in multicellular 
organisms, is accompanied by intemucleosomal fragmenta 
tion of nuclear DNA. This DNA originates from all cells 
undergoing apoptosis and thus from all tissues throughout the 
body. Many laboratories have demonstrated that in humans a 
portion of this DNA appears in blood (Lo et al., Ann N Y 
Acad. Sci. 945: 1-7, 2001; Lichtenstein et al., Ann NY Acad. 
Sci. 945: 239-249, 2001; Taback and Hoon, Curr. Opin Mol. 
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Ther. 6: 273-278, 2004; and Bischoff et al., Hum Reprod 
Update. 8: 493-500, 2002). It has also been shoWn that this 
fragmented DNA crosses the kidney barrier (Transrenal DNA 
or Tr-DNA) and can be detected in the urine (BoteZatu et al., 
Clin Chem. 46:1078-1084, 2000; Su et al., J Mol. Diagn. 
6:101-107, 2004; and Su et al., Ann N Y Acad. Sci. 1022: 
81-89, 2004). 
[0006] Both cell-free plasma DNA and Transrenal-DNA 
(Tr-DNA) have been used as diagnostic tools When the diag 
nostic marker is the presence of speci?c, knoWn sequences 
different from bulk genomic DNA. For example, detection of 
tumor-speci?c DNA that results from characteristic muta 
tions can be used for tumor diagnostics, detection of maleY 
chromosome-speci?c sequences in urine or blood of a preg 
nant Woman can be used to determine the male gender of the 
fetus and detection of mutations characteristic of inherited 
disease can provide a tool for prenatal genetic testing (Chan 
and Lo, Semin Cancer Biol. 12: 489-496, 2002; Goessl, 
Expert Rev Mol. Diagn. 3: 431-442, 2003; Su et al., J Mol. 
Diagn. 6: 101 -107, 2004; Wataganara and Bianchi, Ann NY 
Acad Sci. 1022: 90-99, 2004; BoteZatu et al., Clin Chem. 46: 
1078-1084, 2000; and Ding et al., Proc Natl Acad Sci USA. 
101: 10762-10767, 2004). 
[0007] The fate of RNA from dying cells, in particular the 
mechanisms of its degradation, is much less investigated. 
HoWever, it is knoWn that fetal RNA can be detected in 
plasma of pregnant Women and RNA With tumor-speci?c 
mutations is detectable in plasma of patients With different 
types of cancer (Tsui et al., Ann NYAcad. Sci. 2006; 1075: 
96-102; Lo and Chiu, Nat Rev Genet. 8: 71-77, 2007; and 
Tsang and Lo, Pathology 39: 197-207, 2007). 
[0008] These speci?c nucleic acid biomarkers are often 
very short and their concentration in body ?uids is usually 
loW, especially if a test addresses an early stage of pregnancy 
or a disease. Thus, neW methods are needed to detect these 
sensitive biomarkers. The present invention addresses this 
need in the art. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a method of detect 
ing non-host nucleic acids originating in areas other than the 
urinary tract in a patient, including obtaining an urine sample 
from the patient; and analyZing the urine sample for one or 
more speci?c sequences of non-patient nucleic acids that are 
different from sequences of nucleic acids of the patient and 
have crossed the kidney barrier Wherein the analyZing com 
prises the step of detecting said one or more speci?c 
sequences in the nucleic acids of 20-50 nucleotides in length 
from the urine sample 
[0010] The present invention also provides a method of 
detecting nucleic acids of a pathogen, Where the nucleic acids 
originate in areas other than the urinary tract in a patient, 
including obtaining an urine sample from the patient; and 
analyZing the urine sample for one or more speci?c sequences 
of pathogen nucleic acids that are different from sequences of 
nucleic acids of the patient and are from pathogen nucleic 
acids that are 20-50 nucleotides in length and that have 
crossed the kidney barrier Where the analyZing includes the 
step of detecting the one or more speci?c sequences from the 
pathogen. 
[0011] The present invention also provides a method of 
detecting cancer in a patient including obtaining an urine 
sample from the patient; and analyZing the urine sample for 
one or more speci?c nucleic acids of 20-50 nucleotides in 
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length, that are indicative of cancer, and that have crossed the 
kidney barrier, Where the analyzing includes the step of 
detecting the one or more speci?c nucleic acids indicative of 
cancer. 

[0012] The present invention also provides a method of 
detecting a genetic disease or disorder in a fetus, including 
obtaining an urine sample from a pregnant female; and ana 
lyZing the urine sample for one or more speci?c fetal nucleic 
acids of 20-50 nucleotides in length, that have crossed the 
placental and kidney barriers, Where the analyZing includes 
the step of detecting the one or more speci?c fetal nucleic 
acids indicative of a genetic disease. 

[0013] The present invention also provides a method of 
monitoring cells, tissues or organs transplanted in areas other 
than the urinary tract in a patient including obtaining a urine 
sample from the patient; and analyZing the urine sample for 
one or more speci?c sequences of non-patient nucleic acids of 
20-50 nucleotides in length from the transplanted cells, tis 
sues or organs that are different from sequences of nucleic 
acids of the patient and have crossed the kidney barrier to 
monitor the cells, tissues or organs transplanted in areas other 
than the urinary tract in the patient. The analyZing step can 
further include quantitatively analyZing the urine sample for 
one or more speci?c sequences of the cell-free, transrenal 
nucleic acids from dying cells in the transplanted cells, tissues 
or organs that are different from sequences of nucleic acids of 
the patient Wherein the analyZing comprises the step of 
detecting said one or more speci?c sequences of nucleic acids 
from the transplanted cells, tissues or organs in the nucleic 
acids that are 20-50 nucleotides in length from urine samples 
and have crossed the kidney barrier to monitor rejection or 
acceptance of the transplanted cells, tissues or organs. 
[0014] The nucleic acids can be DNA or RNA. The patho 
gen can be a virus, a bacterium, a fungus, a mycoplasma, or a 
protoZoan. 
[0015] The step of analyZing the urine sample can include 
hybridiZation, cycling probe reaction, polymerase chain reac 
tion, nestedpolymerase chain reaction, PCR to analyZe single 
strand conformation polymorphisms, ligase chain reaction, 
strand displacement ampli?cation or PCR to analyZe restric 
tion fragments length polymorphisms. 
[0016] The step of analyZing the urine sample can include a 
polymerase chain reaction that uses primer pairs suf?ciently 
complementary to hybridiZe With a target sequence of the 
nucleic acids of interest. Preferably, the target binding 
sequences for said primer pairs are overlapping or immedi 
ately adjacent to each other. 
[0017] The nucleic acid degradation in the urine sample can 
be reduced. Reducing the nucleic acid degradation can 
include inhibiting nuclease activity by increased pH, 
increased salt concentration, heat inactivation, or by treating 
said urine sample With a compound selected from the group 
consisting of: ethylenediaminetetraacetic acid, guanidine 
HCl guanidine isothiocyanate, N-lauroylsarcosine, or sodium 
dodecylsulphate. Preferably, the urine sample has been held 
in the bladder less than 12 hours. 

[0018] The step of analyZing the urine sample can further 
include substantially isolating the nucleic acids of interest in 
said urine sample. Preferably, the isolation can be by precipi 
tation or using a solid adsorbent material. Preferably, the 
isolation is by adsorption of the nucleic acids on a resin. 

[0019] In some embodiments, the methods further com 
prise ?ltering the urine sample to remove contaminants. Pref 
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erably, the ?ltering removes nucleic acids comprising more 
than about 1000 nucleotides or more than about 300 nucle 
otides. 
[0020] In some embodiments, the analyZing comprises 
quantifying said nucleic acids of interest 
[0021] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of the present invention, suitable methods and 
materials are described beloW. All publications, patent appli 
cations, patents, and other references mentioned herein are 
incorporated by reference in their entirety. In the case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods, and examples are 
illustrative only and not intended to be limiting. 
[0022] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic shoWing the dependence of 
PCR sensitivity on amplicon siZe. 
[0024] FIG. 2 is a schematic shoWing FRET-based PCR 
With primers labeled With ?uorophores near the 3'-end. 
[0025] FIG. 3 is a graph shoWing dependence of ?uores 
cence signal on the distance betWeen the donor and acceptor 
?uorophores. 
[0026] FIG. 4, Panel A, is a graph shoWing detection of 
EBV-speci?c sequences by FRET-based real-time PCR. 
Panel B shoWs a calibration curve. 

[0027] FIG. 5 is a graph shoWing ampli?cation of a 36-bp 
SRY target in labeled-primer FRET real-time PCR assay. 
[0028] FIG. 6 is a graph shoWing fetal gender detection by 
labeled-primer FRET real-time PCR assay of DNA extracted 
from urine of pregnant Women. 
[0029] FIG. 7 is a schematic shoWing FRET-based PCR 
With primers having tails and labeled With ?uorophores near 
the 5'-end. 
[0030] FIG. 8 is a schematic shoWing one version of a the 
tWo-stage single-tube real-time PCR assay. 
[0031] FIG. 9, Panel A, is a graph shoWing detection of M 
tuberculosis I861 10 sequences (39-bp target) by the tWo 
stage single-tube real-time PCR assay of FIG. 8. Panel B 
shoWs detection of M tuberculosis Tr-DNA in the urine 
samples from patients With pulmonary tuberculosis and non 
infected controls. 
[0032] FIG. 10 is a schematic shoWing a second version of 
a the tWo-stage single-tube real-time PCR assay. 
[0033] FIG. 11 is a graph shoWing ampli?cation of SRY 
standards (25-bp target) by the tWo-stage single-tube real 
time PCR assay of FIG. 10. 
[0034] FIG. 12 is a graph shoWing fetal gender detection of 
DNA extracted from urine of pregnant Women by the tWo 
stage single-tube real-time PCR assay of FIG. 10. 
[0035] FIG. 13 is a graph shoWing a detection comparison 
of Y chromosome-speci?c TSPY sequences (43-bp target) in 
urinary DNA puri?ed by Q-Sepharose and silica methods by 
the tWo-stage single-tube real-time PCR assay of FIG. 8. 
[0036] FIG. 14 is a photograph of a silica gel shoWing 
separation of hi gh/medium and loW molecular Weight urinary 
nucleic acids based on their differential retention by silica in 
the presence of ethanol. 
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[0037] FIG. 15 is a photograph of a silica gel showing 
comparing abundance of MTB-speci?c templates in fraction 
ated nucleic acids puri?ed from the urine of a patient With 
active pulmonary tuberculosis. 

DETAILED DESCRIPTION OF THE INVENTION 

[0038] The present invention provides various methods 
providing a signi?cant increase in sensitivity for analyzing of 
cell-free, ultra short (20-50 base pairs), nucleic acids obtained 
from a bodily ?uid. 
[0039] Currently, the most sensitive methods for detection 
of speci?c DNA or RNA sequences are based on PCR or other 
ampli?cation techniques. Analysis of cell-free DNA isolated 
from plasma, urine, and stool by conventional silica-based 
methods demonstrated that DNA fragments originated from 
dying fetal or tumor cells are relatively small, around 150 
nucleotides (Chan et al., Cancer Res. 63: 2028-2032, 2003; 
BoteZatu et al., Clin Chem. 46:1078-1084, 2000; Su et al., J 
Mol. Diagn. 6: 101-107, 2004; and Diehl et al., Gastroenter 
ology 135: 489-98, 2008). HoWever, it is not alWays recog 
niZed that apoptotic DNA fragmentation is random, and that, 
consequently, a target sequence of interest is located in DNA 
fragments that have been cleaved out in a variety of Ways. In 
fact, in any given population of DNA fragments produced by 
random cleavage the probability of any given target sequence 
surviving intact to be available for use as PCR template is 
inversely proportional to the length of such target sequence, 
as illustrated in FIG. 1. Different lines in FIG. 1 represent 
short DNA fragments (the 157 base pairs fragments are given 
as an example) generated by random cleavage of K-RAS in 
the area of codon 12. Bold solid line represents the only 
fragment that is ampli?ed by primers designed for the 1 57-bp 
amplicon. Thin solid lines represent a subset of DNA frag 
ments ampli?ed by the pair of primers targeting the 87-bp 
amplicon. Dashed lines are DNA fragments that are not 
ampli?ed by either set of primers. For example, Su et al., 
utiliZe tWo sets of primers designed for detection of mutant 
K-RAS (Su, et al., Ann. NeW York Acad. Sci. 1022: 81-89, 
2004). 
[0040] Most longer targets are out of frame determined by 
the respective primers. Thus, the advantage of a shorter target 
siZe is very signi?cant, especially When target siZes are close 
to the average fragment length. DNA isolated from urine With 
a standard silica-based method consists of tWo fractions, high 
molecular Weight DNA, Which originates from shed cells and 
loW molecular Weight (1 50-250 base pair) fraction of Tr-DNA 
(BoteZatu et al., Clin Chem. 46: 1078-1084, 2000; and Su et 
al., J Mol. Diagn. 6: 101-107, 2004). 
[0041] Furthermore, the application of neWly developed 
technique for isolation of cell-free nucleic acids from body 
?uids to the isolation of transrenal nucleic acids has revealed 
the presence in urine of DNA and RNA fragments much 
shorter than 150 base pairs (US. Patent Application Publica 
tion No. 20080139801). If these fragments also represent 
transrenal nucleic acids, ampli?cation of “ultra short” PCR 
targets or other techniques capable to detect very short 
nucleic acid sequences With su?icient speci?city can signi? 
cantly increase sensitivity of tests based on analysis of cell 
free nucleic acids in urine and other body ?uids. 
[0042] Another reason to aim for “ultra short” targets is the 
possible presence of single-strand breaks (nicks) in cell-free 
DNA fragments. In the PCR reaction nucleic acid fragments 
are used as templates in their single-stranded form, thus fur 
ther reducing their effective length if cell-free DNA frag 
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ments in plasma and Tr-DNA are nicked. These consider 
ations necessitate a PCR assay design capable of detecting 
exceptionally short target sequences. All considerations dis 
cussed above are also applicable any situation When ran 
domly degraded short DNA fragments must be analyZed, e.g. 
DNA from para?in-embedded tissues, forensic, or paleontol 
ogy samples. 
[0043] Several approaches Were used to design primers and 
probes for detection of ultra short DNA targets by conven 
tional and real time PCR and are described in detail herein. 
Data obtained With primers/probe sets, designed for detection 
of ultra short DNA targets (20-50 base pairs), demonstrate: (i) 
the presence in the urine of DNA and RNA fragments, Which 
are much shorter than those described earlier; (ii) the presence 
in this loW molecular Weight nucleic acid fragments of 
sequences that originated in tissues located outside the uri 
nary system, Which means that they have crossed the kidney 
barrier transrenal NA (Tr-NA); (iii) much higher sensitivity of 
Tr-DNA-based tests When ultra short DNA targets are 
detected compared to conventional PCR target siZe. 

[0044] Detection and analysis of ultra short (20-50 base 
pairs) DNA targets in bodily ?uids can signi?cantly increase 
sensitivity of tests based on analysis of Tr-DNA and cell-free 
DNA fragments from other bodily ?uids. The most com 
monly used quantitative PCR (qPCR) approach is the Real 
Time TaqMan PCR system, Which involves the use of 3 target 
sequence-speci?c components: 2 primers and 1 labeled Taq 
Man probe. This standard assay is suitable for amplicons no 
shorter than about 50 bases, the minimum siZe being limited 
by the combined footprint length of the 3 sequence-speci?c 
components. There exist a number of alternative qPCR 
approaches that eliminate the need for a separate TaqMan 
probe by using various forms of labeled primers, thus alloW 
ing for correspondingly shorter targets. HoWever, the elimi 
nation of 1 of the 3 sequence-speci?c components is likely to 
reduce target speci?city of the assay. The present invention 
addresses target speci?city vs. minimum target length by 
developing novel labeled-primer qPCR assays and modi?ed 
TaqMan assays. Several neW approaches for designing prim 
ers or primers/probe sets for detection and quantitative analy 
sis of ultra short sequences by Real-Time PCR are provided. 
Using these techniques, it has been demonstrated that: (i) 
analysis of ultra short DNA targets signi?cantly increases 
sensitivity of the Tr-DNA-based tests; (ii) short DNA frag 
ments (30-150 base pairs) contain human and pathogen Tr 
DNA sequences; (iii) larger Tr-DNA fragments are also more 
effectively detected by primers for ultra short DNA targets, 
most likely due to the presence of single-strand breaks in 
those DNA fragments. 
[0045] The invention relates to a signi?cant increase in 
sensitivity of tests based on analysis of cell-free nucleic acids 
obtained from a bodily ?uid selected from, but not limited to, 
the group comprising blood, blood plasma, serum, lymph, 
interstitial ?uid, urine, saliva, sWeat, cerebrospinal ?uid and 
others. Preferably, the bodily ?uid is obtained non-invasively. 
[0046] The present invention can be used for many appli 
cations, including, but not limited to, analyZing for the pres 
ence of pathogen nucleic acids, detecting the presence of 
nucleic acids indicative of cancer, detecting the presence of 
nucleic acids indicative of a genetic disease in a fetus, ana 
lyZing for the presence of fetal nucleic acids, analyZing for the 
presence of speci?c host and speci?c non-host nucleic acid 
sequences, for analyZing the form and degree of methylation 



US 2010/0068711A1 

of a target nucleic acid, detection of single nucleotide poly 
morphisms and forensic analysis. 
[0047] The present invention provides methods of detect 
ing nucleic acids of a pathogen, Wherein said nucleic acids 
originate in areas other than the urinary tract in a patient, 
comprising: (a) obtaining an urine sample from said patient; 
and (b) analyzing said urine sample for one or more speci?c 
sequences of pathogen nucleic acids that are different from 
sequences of nucleic acids of the patient and are from patho 
gen nucleic acids that are 20-50 nucleotides in length and that 
have crossed the kidney barrier, Wherein said analyzing com 
prises the step of detecting said one or more speci?c 
sequences from the pathogen. 
[0048] A pathogen is a biological agent that can cause 
disease to its host. A synonym of pathogen is “infectious 
agent”. The term “pathogen” is most often used for agents that 
disrupt the normal physiology of a multicellular organism. 
[0049] Infection is the invasion and multiplication of 
microorganisms in body tissues, Which may be clinically 
unapparent or result in local cellular injury due to competitive 
metabolism, toxins, intracellular replication or antigen anti 
body response. 
[0050] The pathogen nucleic acids can be DNA or RNA. 
The pathogen is selected from the group consisting of a virus, 
a bacterium, a fungus, a mycoplasma, and a protozoan. 
[0051] The methods of the invention are applicable to all 
viral pathogenic agents, including RNA, DNA, episomal, and 
integrative viruses. They also apply to recombinant viruses, 
such as the adenoviruses or lentiviruses utilized in gene 
therapy. Examples of infectious virus include: Retroviridae 
(e. g., human immunode?ciency viruses, such as HIV-l, also 
referred to as HTLV-III, LAV or HTLV-III/LAV, or HIV-l l l; 
and other isolates, such as HIV-LP; Picomaviridae (e.g., polio 
viruses, hepatitis A virus; enteroviruses, human coxsackie 
viruses, rhinoviruses, echoviruses); Calciviridae (e.g., strains 
that cause gastroenteritis); Togaviridae (e. g., equine encepha 
litis viruses, rubella viruses); Flaviridae (e.g., dengue viruses, 
encephalitis viruses, yelloW fever viruses); Coronaviridae 
(e. g., coronaviruses); Rhabdoviridae (e.g., vesicular stomati 
tis viruses, rabies viruses); Fidoviridae (e.g., ebola viruses); 
Paramyxoviridae (e.g., parain?uenza viruses, mumps virus, 
measles virus, respiratory syncytial virus); Orthomyxoviri 
dae (e.g., in?uenza viruses); Buiigaviridae (e.g., Hantaan 
viruses, bunga viruses, phleboviruses and Nairo viruses); 
Arenaviridae (hemorrhagic fever virus); Reoviridae (e.g., 
reoviruses, orbiviruses and rotaviruses); Bimaviridae; Hep 
adnaviridae (Hepatitis B virus); Parvoviridae (parvoviruses); 
Papovaviridae (papilloma viruses, polyoma viruses); Aden 
oviridae (most adenoviruses); Herperviridae (herpes simplex 
virus (HSV) l and 2, varicella zoster virus, cytomegalovirus 
(CMV), herpes viruses); Poxyiridae (variola virsues, vaccina 
viruses, pox viruses); andlridoviridae (e.g., African sWine 
fever virus); and unclassi?ed viruses (e.g., the etiological 
agents of Spongiform encephalopathies, the agent of delta 
hepatitides (thought to be a defective satellite of hepatitis B 
virus), the agents of non-A, non-B hepatitis (class l-inter 
nally transmitted; class 2-parenterally transmitted (i.e., Hepa 
titis C); NorWalk and related viruses, and astroviruses). 
[0052] The methods of the invention are applicable to all 
bacterial pathogenic agents. Examples of infectious bacteria 
include: Helicobacterpyloris, Borrelia (e. g., Borrelia afzelii, 
Borrelia anserine, Borrelia burgdorferi, Borrelia garinii, 
Borrelia hermsii, Borrelia recurrentis, Borrelia valaisiana, 
and Borrelia vincentii); Rickettsia (e.g., Rickettsiafelis, Rick 
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ettsia prowazekii, Rickettsia rickettsii, Rickettsia typhi, Rick 
ettsia conorii, Rickettsia africae, or Rickettsia akari); 
Legionella pneumophilia, Mycobacteria sps (e.g., M tuber 
culosis, M avium, M Intracellulare, M kansaii M gordo 
nae), Staphylococcus aureus, Neisseria gonorrhoeae, Neis 
seria meningitidis, Listeriamonocytogenes, 
Streptococcuspyogenes (Group A Streptococcus), Strepto 
coccus agalactiae (Group B Streptococcus), Streptococcus 
(viridans group), Streptococcus faecalis, Streptococcus 
bovis, Streptococcus (anaerobic sps.), Streptococcuspneu 
moniae, pathogenic Campylobacter sp., Enterococcussp., 
Haemophilus in?uenzae, Bacillus antracis, corynebacterium 
diphtheriae, corynebacteium sp., Erysipelothrix rhusio 
pathiae, Clostridium pen?ingers, Clostridium tetani, Entero 
bacter erogenes, Klebsiellapneuomiae, Pasturella multicoda, 
Bacteroides sp., Fusobacterium nucleatum, Sreptobacillus 
moniliformis, Treponema pallidium, Treponemapertenue, 
Leptospira, and Actinomeycesisraelli. 
[0053] Examples of infectious fungi include: Cryptococcus 
neoformans, Histoplasmacapsulatum, Coccidioides immitis, 
Blastomyces dermatitidis, Chlamydia trachomatis, Can 
didaalbicans. Other infectious organisms (i.e., protists) 
include: Plasmodiumfalciparum and Toxoplasma gondii. 
[0054] In some preferred embodiments, the non-viral 
pathogen can be Helicobacter pylori, Bacillus anthracis, 
Plasmodium species or Leishmania species. 
[0055] The step of analyzing for the presence of said patho 
gen nucleic acid sequence of 20-50 nucleotides in length can 
be performed using one or more of a variety of techniques, 
including, but not limited to, hybridization, cycling probe 
reaction, polymerase chain reaction, nested polymerase chain 
reaction, polymerase chain reaction-single strand conforma 
tion polymorphism, ligase chain reaction, strand displace 
ment ampli?cation and restriction fragments length polymor 
phism. Preferably, the analysis step also includes FRET 
dependent ?uorescence detection. Preferably, the step of 
performing the polymerase chain reaction can comprise using 
primers With binding sites Which are either immediately adja 
cent to each other on the target sequence or slightly overlap 
ping (having no intervening sequences betWeen the primer 
binding sites). 
[0056] The present invention further encompasses methods 
having the step of reducing DNA degradation in said urine 
sample, Which in one embodiment encompasses treatment 
With a compound selected from the group comprising: ethyl 
enediaminetetraacetic acid, guanidine-HCl, Guanidine 
isothiocyanate, N-lauroylsarcosine, and Na-dodecylsulphate. 
DNA degradation can further be reduced by taking a urine 
sample that has been held in the bladder less than 12 hours. 
[0057] In one embodiment, it is bene?cial to substantially 
isolate said nucleic acid sequence prior to assaying the urine 
for the presence of a pathogen nucleic acid sequence, that has 
crossed the kidney barrier. In alternate embodiments, the 
nucleic acid sequence is substantially isolated by precipita 
tion or by treatment With a solid adsorbent material. In 
another embodiment, the urine sample is ?ltered to remove 
contaminants, and, in a speci?c embodiment, the ?ltering 
removes DNA comprising more than about 1000 nucleotides. 
Preferably, the ?ltering removes DNA comprising more than 
about 300 nucleotides. 
[0058] Further encompassed by the present invention is a 
diagnostic kit for detecting pathogen in the urine, comprising: 
reagents to facilitate the isolation of DNA of 20-50 nucle 
otides in length from urine; reagents to facilitate ampli?ca 
















































