Genomics Impact on Infectious
Diseases

Jonathan Zenilman MD
Johns Hopkins University
March 2, 2012



Conflicts--None



end-stpe renal disease in the United States. Bethesda, Md.: Natdon-

Copyright ) 2003 Mesechusets Medicol Society

Welcome to the Genomic Era
n E. Guttmacher, M.D., and Francis S. Collins, M.D., Ph.D

To him who devotes his life to science, noth- announcement (available at http:fjwww.genome.
ing can give more happiness than increasing gov/11006929) thar it had achieved the last of the
the number of discoveries, but his cup of joy project’s original goals, the complete sequencing
is full when the results of his studies imme- of the human genome. The extent and pace of prog-
diately find practical applications. ress in genomics are suggested by the fact thar this

Louis Pasteur achievement occurred 11 days shy of the 50th anni-
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Bacterial Diagnosis until 2000




Problems with Cultures

Cultures take 24-48 hours to process
Quantitative Cultures take longer
Cultures are prone to overgrowth
Are there molecular approaches?




Genomics Diagnostics--
Principles

Detect DNA

Amplification via PCR—Impact on
Sensitivity

Bacterial DNA have uniqgue 16S ribosome
DNA elements

March to libraries
Link to detection system
Specificity can be a problem
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Accelerated Progress

Nucleic Acid Diagnostics Commercialized
In 1990s (STDs, HIV viral load)

Non cultivable pathogens identified

2001 attacks—Major investments
Simultaneous HGP and Sequence projects
~2000 organisms fully sequenced



Current Trends

Commercialization of Discovery

Rapid Clinical Diagnostics

Genomics as Clinical Management Tools
Bacterial Population Genomics and Impact
Host Genomics and Susceptibility
Microbiome Projects

Expert and Benchtop systems
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A Novel Coronavirus Associated
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Figure 3. Estimated Maximum-Parsimony Tree Based on the Sequence Align-
ment of 405 Nucleotides of the Coronavirus Polymerase Gene Open Reading
Frame 1b (Nucleotide Numbers 15173 to 15578 Based on Bovine Coronavirus
Complete Genome Accession Number NC_003045) Comparing SARS Coro-
navirus with Other Human and Animal Coronaviruses.
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Nucleic Acid Amplification Tests

NAAT tests are the dominant mode of gonococcal
and chlamydia testing

Can be used in genital and non-genital samples-eg
urine, self administered swabs-field applications

Screening iIn field settings, schools, jails etc
No transport Issues

Turnaround 24 hours

Multiplex

BUT-cant detect resistance



Untreated Gonococcal and Chlamydial
Infection in a Probability Sample of Adults
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NTREATED INFECTION WITH

Context The prevalence and distribution of gonococcal and chlamydial infections in
the general population are poory understood. Development of nudlelc acd amplifi-
cation tests, such as the ligase chaln reaction assay, provides new opportunities to es-
timate the prevalence of untreated Infections In the population.

Objective To estimate the overall prevalence of untreated gonococcal and chia-
mydial infections and to descnbe patterns of Infection within spedfic demographic sub-
groups of the young adult population in Baltimore, Md.

Deslgn and Setting Cross-sectional behavioral survey based on a probability sample

of Baltimore households with collection of urine specimens between lanuary 1997 and
September 1998,

Particlpants A total of 728 adults aged 18 to 35 years completed the interview por-
tion of the study, and 579 of these respondents also provided a wine specdmen ad-
equate for testing.

Main Outcome Measure Prevalence of untreated infection, as measured by the




Table 2. Estimated Prevalence of Untreated Gonococcal and Chlamydial Infections by Race and Sex: 1997-1998 Baltimore STD and Behavior
Survey*

Black Other Race
[ | [ |
Women Men Women Men Total
Unweighted sample size 193 126 142 118 579
Neisseria gonorrhoeae and/or Chlamydia trachomatis
No. of cases (unweighted)t 21 14 8 6 491
Prevalence (weighted), % (SE)§ 150 (3.4) 6.4 (2.1) 1.3 (0.5) 2.8 (1.3 7.9 (1.6)
N gonorrhoeae
No. of cases (unweighted)T 12 10 8 3 33
Prevalence (weighted), % (SE)§ 9.3 (3.3) 5.3 (2.0) 1.3 (0.5) 1.3 (0.9) 5.3 (1.4)
C trachomatis
No. of cases (unweighted)t 10 4 0 4 18
Prevalence (weighted), % (SE)§ 6.4 (2.2) 1.1 (0.7) 0 2.4 (1.3 3.0 (0.8)

*STD indicates sexually transmitted disease. Estimales are based on age-eligible respondents who provided urine specimens for N gonorrhoeae and C rachomatis testing (ligase
chain reaction assay). The estimates are weighted to account for differing probabilities of selection and poststratification adjustments to match US Census marginals. The esti
mates presented differ slightly from preliminary estimates for sexually experienced subjects presented at the International Society for Sexually Transmitted Diseases Research
meetings.?® In addition to the difference in population definition (all subjects vs subjects with sexual experience), subsequent comparison of laboratory records and the preliminary
analysis file revealed 1 instance in which a subject who tested positive for gonococeal infection was mistakenly coded as positive for both pathogens in the preliminary analysis
file.

tUnweighted case counts are not appropriate for making inferences about the prevalence of infection in populations since they do not take account of the differing probabilities of
selection of households and individuals.

tIncludes 2 cases that were positive for both infections.

§SEs were calculated from weighted data using statistical algorithms that take account of impact of complex sample design on variance estimates.

JAMA
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Table 2. Estimated Prevalence of Untreated Gonococcal and Chlamydial Infections by Race and Sex: 1997-1998 Baltimore STD and Behavior Survey*


Diagnostic Progression of C
Difficile
Culture—Takes days and iIs non-specific
Toxin assay —Stool filtrate in tissue culture

ELISA assay—Sensitivity ~80%

Current—PCR of toxinA/toxinB genes—
potential 6 hour turnaround



BUT—what happens when you
start using the new tests?
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Comparison of the Idaho Technology FilmArray System to
Real-Time PCR for Detection of Respiratory Pathogens
in Children

Virginia M. Plerce, "5 Michael Elkan,b4 Marilyn Leet,~? Karin L. McGowan = and Richard L. Hodinka®~

y Schoaol of Medicine, Philadelphis, Penreysvanis, LISA
The FilmArray Respiratory Panel (RP) multiplexed nocleic acid amplification test (Idaho Technology, Inc., Salt Lake City, UT)
was compared to laboratory-developed real-time PCR assays for the detection of various respiratory viruses and certain bacterial
pathogens. A total of 215 frozen archived pediatric respiratory specimens previously characterized as either negative or positive
for one or more pathogens by real-time PCR were examined using the FilmArray RP system. Overall agreement between the
FilmArray RP and corresponding real-time PCR assays for shared analytes was 98.6% (kappa = 0.92 [95% confidence interval
(CI), 0.89 to 0.94| ). The combined positive percent agreement was 89.4% (95% 1, 85.4 to 92.6); the negative percent agreement
was 99.6% (95% CI, 99.2 to 99.8). The mean real-time PCR threshold cyde (C}) value for specimens with discordant results was
36.46 * 4.54. Detection of coinfections and correct identification of influenza A virus subtypes were comparable to those of real-
time PCR when using the FilmArray RP. The greatest comparative difference in sensitivity was observed for adenovirus; only 11




Add Sample to Buffer Inject Sample Load Pouch in FilmArray

FIG 1 Illustration of the FilmArray RP pouch and the steps involved in processing a specimen for testing using the FilmArray system.




Detecting Undetectable/Hard to

detect organisms
Bartonella and other fastidious bacteria (eg
TB)
o [SAVAVITEURER
T. palliduma and LGV In lesions
Newly discovered organisms




The Expansion o of the Microbiological Spectrum
of Brain Abscesses with Use of MLﬂtlplt.. 165
Ribosomal DNA Sequencing

Mouhamad Al Masalma,' Fabrice Armougom,' W. Michael Scheld,’ Henri Dufour? Pierre-Hugues Roche,?

Michel Drancourt,’ and Didier Raoult’

'Péle des Maladies Infectieuses, Assistance Publique-Hopitaux de Marseille and URMITE, Centre National de la Recherche Scientifique, Unité
Mixte de Recherche B pour la Recherche et le Développement 138, Université de la Méditerranée, “Service de Neurochirurgie,
Hopital de la Timone, ice Publique-Hopitaux de Marseille, and “Service de Neurochirurgie, Hopital Sainte-Marguerite, Assistance
Publique-Hopitaux de Marseille, Marseille, France; and “Department of Internal Medicing, Division of Infectious Diseases

and International Health, University of Virginia Health System, Charlottesville, Virginia

(See the editorial commentary by DiGiulio and Relman on pages 1179-81)

20 patients with brain abscess

Cultures=22 strains; PCR=72 strains

2’7 species not previously seen In brain abscess
1 subject had 16 strains

JID 2009; 48:1169



Antimicrobial Resistance

Genomics can rapidly detect antimicrobial
resistance

You need to know what you are looking for
Can be used as rapid screens

High utility in tracking outbreaks,
Identifying clones



Quinolone Resistance—Determining Region
Mutations and por Type of Neisseria gonorrhoeae
[solates: Resistance Surveillance and Typing

by Molecular Methodologies

Julie A. Giles,' Jason Falconio, > Jeffrey D. Yuenger,' Jonathan M. Zenilman,' Michael Dan,® and Margaret C. Bash®

"Division of Allergies and Infectious Disease, Johns Hopkins University School of Medicine, Baltimore, and “Division of Bacterial, Parasitic
and Allergenic Products, Center for Biologics Evaluation and Research, United States Food and Drug Administration, Bethesda, Maryland;
“Infectious Disease Unit, Edith Wolfson Hospital, Tel Aviv, Israel
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Table 3.

orrhoeae strains isolated in Israel from January 2000 through October 2001.

Mutations in the guinolone resistance—determining regions (QRDRs) of Neisseria gon-

MIC of

ciprofloxacin,
pg/mlL

MNao. of
isolates

Fluoroquinolone
susceptibility

QRDR mutations, by gene and amino acid

In gyrA®

aa 91

aa 95

In parﬂ‘,h
aa B8

CipR® 39 2-16
2 1-8
1 g
0.125
.002-.016

Cipl®
CipS*© 37

TCC—TTC

TCC—TTC

TCC—TTC
wit

wi

GAC—AAC
GAC-GGC
wt
GAC—AAC

wt

GAC—AAC

GAC—AAC

GAC—AAC
wit

wi

NOTE.
rofloxacin; wt, wild type.
* All isclates were wt at loci coding aa 92-94 of gyrA
® All isolates were wt at loci coding aa 85 and 87-91 of parC.
MIC of ciprofloxacin, =1 pg/mL.
MIC of ciprofloxacin, =0.125 ug/mL.
MIC of ciprofloxacin, <0.125 pg/mL.

Cipl, intermediately resistant to ciprofloxacin; CipR, resistant to ciprofloxacin; CipS, susceptible to cip-




Syphilis =T pallidum cannot be
cultured —Genomics has
facilitated understanding the
epidemiology of resistance


Presenter
Presentation Notes
Good afternoon
Thank you very much for inviting us here today
The topic of my talk today is 
I would like to thank my colleagues who worked very hard on this study


The Presence of the 23S rRNA Gene Mutation in T. pallidum Samples Collected from Sites in the United
States and Ireland from 1912 through 2003.

Table 1. The Presence of the 235 rRN A Gene Mutation in T. pallidum

Samples Collected from Sites in the United States and Ireland from 1912
through 2003.

Date Sample Samples with Mutation/
Geographic Site Collected Total Amplifiable Samples

no. ftotal no. (%)

San Francisco 1999-2002 1/25 (4)
2003 11/30 (37

)
Seattle 2001-2003 3/23 (13)
Baltimore 1998-2000 2/19 (11)
Dublin 2002 15/17 (88)
Historical strains from 1912-1987 1/18 (6)

multiple locations

Lukehart SA et al. N Engl J Med 2004;351:154-158.

The NEW ENGLAND
JOURNAL of MEDICINE




Seattle, 1998-2008  Alberta, 2007-2009 Scotland, 2006—2007  Dublin, 2002  Lisbon, 1999—2001

144 (51%:) 144 {(70%:) 144 {TE%:) 14aig (70%)  14a (50°%)
14dig (25%)  14f (7%) Tde {12%) 10dfg, 14d4, 14e/d  14d (45%)
1504 (12%) 14 (5%) 14§ (5%%) (each 1095) 14 (5%)
13did (5%:)  16a (29%) 140 {3%5)
16a/e (2%) Remaining were all 14k (29%) .
14di (2%) strain type 14 14p (2%) China (north)
154l (19) 14/ 139%5), 15dd (189%),

15a0a (1%:) 13d (15%), 16dA {5%),
3df, 314, 6df, 2df, 1744 20dic (each 3%)
San Francisco, 2001-2007

14d/f (53%:) Shanghai, 2007-2008
14dig (21%:) 141 (83%), 14d (11%),
154 (21%:) 11d (3%), 14e (3%)
14dic (5%)
Sy China (east)

Phoenix, 19981989 ——

141 (553%:)

12a (13%)

121 {11%)

14d (B%:)

14a (4%) China (south)
4f, 41, 5f 1de, 140 (each 29:)

140/ (34%), 15d/0 (21%), 16d7 (13%),
13 (8%), 17d/ (B%), 14aM (3%),
- B 10/ (2%, 18a/f (2%), Sdf, Td#,
Baltimore, 119-?-;19;1 ['?1%?1!- adf, Shic, 12df, 1514, 16d/c, 18d1
L Yo = TR
15de (20%) 20afe, 25a/c (each 1)
12d/f (13%) ,
1Bals EL’-:%; Manning, 2006-2007
11d4 (7%) 14d/ (8096, 14af (10%)

14cl1 (4390, 13 (179,

16T (15%), 8di (5%), 14af [5%),
13ad (3%5), 15UF (3%), 7di, Bdf, 10h/c
12d/, 15af, 1544, 1501 (each 1%)

M. and 5. Carolina, 1989-2003 South Africa, 1996-2000 Pretoria, 1999-2000 Madagascar, 2003—2008
141 (52%:) 14d (27%), 14i (9%), 1da (796), 14a (54%) 14d/c (50%)
16t (22%:) 13d (7], 14b (6%), 16d (5%), 3e (31%) 10d/c (20%)
10f (99} 7d (4%), 19b (3%}, 18b (2%), 17e (8%) 14alc (15%)
121, 13f, 14g, 15f (each &%) 10b, 12d, 15a, 20b, 20d, 22b (each 1%:)  2i (B%) ddic, 10cic, 11dic (each 5%)
Figure 3

T. pallidum strain types identified throughout the world. The strain type information, years of collection, and the frequency of each strain type
from each location are based on information in references 126, 127, 128—131, 133135, 149, and 150.

J Clin Invest 2011:121:4584
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Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance
Catharina C. Boehme, M.D., Pamela Nabeta, M.D., Doris Hillemann, Ph.D., Mark P. Nicol, Ph.D.
Shubhada Shenai, Ph.D.,, Fiorella Krapp, M.D., Jenny Allen, B.Tech., Rasim Tahirli, M.D., Robert Blakemore, B.S
Roxana Rustomjee, M.D., Ph.D., Ana Milovic, M.S., Martin Jones, Ph.D., Sean M. O'Brien, Ph.D

David H. Persing, M.D., Ph.D., Sabine Ruesch-Gerdes, M.D., Eduardo Gotuzze, M.D., Camilla Redrigues, M.D
David Alland, M.D., and Mark D. Perkins, M.D

Sensiotivity and Specificity >98% for both
TB detection and Susceptibilty

Rapid Turnaround (2 hours)
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Sputum liquefaction
and inactivation with
2:1 sample reagent

o ¥ o 5 o | o

Sample Ultrasonic lysis DMA molecules Seminested
automatically of filter-captured mixed with dry real-time
filtered and organisms to PCR reagents amplification
washed release DINA and detection
\:'TB.I'HIF | in integrated

ﬂi‘“*_"‘.u | f."r reaction tube
. L 'Jl' R

(2) T €

Transfer of | Printable
2 ml material MTB/RIF test result

s R A GE R

into test cartridge g.r Iy _ P i

T -
[Fro—

Assay Name MTB-RIF

Test Result | [EIBENECHECECTINNNN
RIF Resistance NOT DETECTED

Cartridge inserted into |

MTB-RIF test platform
(end of hands-on work)

Time to result, 1 hour 45 minutes

Figure 2. Assay Procedure for the MTB/RIF Test.

Two velumes of sample treatment reagent are added to each volume of sputum. The mixture is shaken, incubated at room temperature
for 15 minutes, and shaken again. Next, a sample of 2 to 3 ml is transferred to the test cartridge, which is then loaded into the instru-
ment. All subsequent steps occur automatically. The user is provided with a printable test result, such as "MTB detected; RIF resistance
not detected.” PCR denotes polymerase chain reaction.
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High-Level Cefixime- and Ceftriaxone-Resistant Neisseria gonorrhoeae
in France: Novel penA Mosaic Allele in a Successful International
Clone Causes Treatment Failure

Magnus Unemo,* Danlel Golparian,® Robert Nicholas® Makoto Ohnishl,® Anne Gallay,” and Patrice Sednaoul®
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Morbidity and Mortality Weekly Report

Cephalosporin Susceptibility Among Neisserla gonorrhoeae lsolates —
United States, 2000-2010

Netiserta gonorrhoene is 3 major cause of pebvic inflammatory 2000-2010 were analyzed. Cefixime susceptibilities were
disease, ecopic pregnancy, and infertilicy, and it can facilicaze not determined during 2007-2008 because cefixime was
human immunodeficiency virus (HIV) transmission (1. unavailable in the United States during that perind. Decreased
Emerpence of ponoeneral resistance to penicillin and tetracycline antibiotic susceptibility for cefixime or ceftrizcone is defined
oocurred during the 1970s and became widespread during the by the Clinical and Laboratory Standards Instimre (CLSI)
early 1980s. More recently, resistance to fluoroquinolones as MICs =0.5 wp/mL: criteria for cefiime and ceftriaxone
developed. Resistance was documented firs in Asia, then resistance in V. gomorrheeae have not been defined (4)
emerped in the United States in Hawaii followed by o Because few isolates exhibited decreased susceptibility and




FIGURE 2. Percentage of gonorrhea isolates with cefixime MICs =0.25 pg/mL and ceftriaxone MICs =0.125 pg/mL, by sex of sex partner —
Gonococcal Isolate Surveillance Project, United States, 2000-2010
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Abbreviations: MICs = minimum inhibitory concentrations; M5M = men who have sex with men; MSW = men who have sex exclusively with women.
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Presentation Notes
Alignment of PBP 2 sequences from strains of Neisseria gonorrhoeae with different penA alleles. M32091, wild-type PBP 2; XXXIV, penA mosaic allele previously described (27, 33); CI, penA mosaic allele of F89; XXVI (27, 36) and XXX (27, 51), the only previously reported true penA mosaic alleles containing an A501 alteration (27); C, penA mosaic allele of H041, which is the first high-level ceftriaxone-resistant strain found in Japan (27); and XIII and XVIII, previously described nonmosaic penA alleles that contain A501V (most prevalent) and A501T alterations (27, 51). Identical amino acids are designated by a dot, and alterations from the wild-type sequence are shown with a single capital letter. The three active-site motifs are marked by dashed boxes, while the location of amino acid Ala501 (position 502 in the alignment due to the D345 insertion) is marked with a solid box.


L'inquietante emergence
de «superbacterles

Mots cl otigue, INDE, PAKISTAN, GRANDE-BRETAGNE

Par  Tristan Vey

Le Figaro, Paris
Aug 12, 2010

Reéactions (129)

De nombreux cas de patients infectés par une famille de bactéries trés
résistantes aux antibiotigues usuels ont été découverts en Grande-

Bretagne. La propagation rapide et massive de cette souche, isolée pour
la premiére fois en Inde en 2008, inquiéte la communauté médicale.




Facilitating Epidemiology



Subclinical Herpes Viral
Shedding —Old Model

e >90% of persons with genital HSV-2 shed virus
asymptomatically

e Present 1%-10% of asymptomatic days In persons
who have recurrent herpes due
to HSV-2

* Responsible for most transmission
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Genital Shedding of Herpes Simplex Virus
Among Symptomatic and Asymptomatic
Persons With HSV-2 Infection

Elizabeth Tronstein, MPH Context Since herpes simplex virus type 2 (HSV-2) antibody tests have become com-

Christine Johnston, MD, MPH mercially available, an increasing number of persons have learned that they have geni-
Meei-Li Huane. PhD tal herpes through serologic testing. The course of natural history of HSV-2 in asymp-

3 Selloe, MA tomatic, seropositive persons is uncertain.
otacy delke, VL . ] . . . . .
: Objective To evaluate the virologic and clinical course of HSV genital shedding among

Amalia Magaret, PhD individuals with symptomatic and asymptomatic HSV-2 infection.

Terrnn Warren, ANP Design, Setting, and Participants Cohort of 498 immunocompetent HSV-2-
Lawrence Corev. MD seropositive persons enrolled in prospective studies of genital HSV shedding at the Uni-
T w o oo oo versity of Washington Virology Research Clinic, Seattle, and Westover Heights Clinic,
Anna Wald, MD, MPH Portland, Oregon, between March 1992 and April 2008. Each participant obtained
daily self-collected swabs of genital secretions for at least 30 days.




Asymptomatic HSV-2 infection (n=88) Symptomatic HSV-2 infection (n=410)
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JAMA
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HSV-2 indicates herpes simplex virus type 2. Time intervals on the horizontal axes are equal to the value labeled on the tick and less than value of the next tick.


@ Genital HSV-2 shedding and Genital HSV-2 shedding
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Boxes represent interquartile range, dots represent means, whiskers represent the minimum and maximum, and horizontal lines represent the median. Numbers of swabs in each category are shown for each group. HSV-2 indicates herpes simplex virus type 2.


ORIGINAL ARTICLE

Triple-Reassortant Swine Influenza A (H1)
in Humans in the United States, 2005-2009

Vivek Shinde, M.D., M.P.H., Carolyn B. Bridges, M.D.,

Timothy M. Uyeki, M.D., M.P.H, M.P.P., Bo Shu, B.S., Amanda Balish, B.S.,
Xiyan Xu, M.D., Stephen Lindstrom, Ph.D., Larisa V. Gubareva, M.D., Ph.D.,
Varough Deyde, Ph.D., Rebecca ). Garten, Ph.D., Meghan Harris, M.P.H.,
Susan Gerber, M.D., Susan Va gas ky, D.V.M., Forrest Smith, M.D.,

Neal Pascoe, R.N., Karen Martin, M.P.H., Deborah Dufficy, D.V.M., M.P.H.,
Kathy Ritger, M.D., M.P.H., Craig Conover, M.D., Patricia Quinlisk, M.D., M.P.H.,
Alexander Klimov, Ph.D., Joseph S. Bresee, M.D., and Lyn Finelli, Dr.P.H.




Epidemiologic Curve of Confirmed Cases of Human Infection with Swine-Origin Influenza A (H1IN1) Virus
with Known Date of lliness Onset in the United States (March 28—-May 5, 2009).
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Figure 1. Epidemiologic Curve of Confirmed Cases of Human Infection with Swine-Origin Influenza A (H1N1) Virus with Known Date of Illness Onset in the United States (March 28–May 5, 2009). Data regarding the date of onset of illness were available for 394 patients. This epidemiologic curve does not reflect all cases of infection with S-OIV from March 28 through May 5, 2009, because of the lag in case reporting and laboratory confirmation.


Influenza Transmission to Humans
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Genetic Components of Triple-Reassortant Swine Influenza A (H1) Viruses Isolated from 11 Patients between
December 2005 and February 2009 in the United States.

Triple-Reassortant Triple-Reassortant
Swine HIN1 Swine HIN2
Influenza Virus Influenza Virus
(Patients 1-6 and 8-11) (Patient 7)

1 Classic swine, North American lineage
Avian, North American lineage
Human (seasonal) H3N2

s Human (seasonal) HIN1

Shinde V et al. N Engl J Med 2009;360:2616-2625.
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Figure 1. Genetic Components of Triple-Reassortant Swine Influenza A (H1) Viruses Isolated from 11 Patients between December 2005 and February 2009 in the United States.  HA denotes the hemagglutinin gene, M the matrix protein gene, NA the neuraminidase gene, NP the nucleocapsid protein gene, NS the nonstructural protein gene, PA the polymerase PA gene, PB1 the polymerase PB1 gene, and PB2 the polymerase PB2 gene.


HIV
Where Genomics Guides
Epidemiological Investigation
Understanding Transmission
Interventions
Therapy
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Female-to-male HIV transmission in HIV-discordant couples,
by circumcision status in Rakal, Uganda
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Risk of HIV transmission per coital act
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Cohen MS, et al. J Infect Dis. 2005 May
1;191(9):1391-3.




Interventions

e Detecting Acute HIV cases
e Circumcision
e Treatment to Prevent Transmission



ART, Serodiscordant Couples, and
HIV Transmission: Study Results

Effect of Early vs. Late Initiation
of ART on HIV Transmission

e ART Initiation substantially
protected HIV-negative sexual
partners from acquiring HIV
Infection

= Group 1: Early treatment
group—only 1 partner infected
by the HIV-infected participant,

with a 96% reduction in risk of
HIV infection

= Group 2: Late treatment
group—27 partners infected by
the HIV-positive participant

e The difference was highly
statistically significant
(P<0.0001)

Source: Cohen MS, et al. N Engl J Med. 2011;365:493-505.

No. HIV-negative infected

P<0.0001

27

1

Group 1 Group 2

(early ART) (late ART)
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SPEAKER’S NOTES: 
The study results show that antiretroviral therapy substantially protected HIV-negative sexual partners from acquiring HIV infection
A total of one HIV transmission occurred among the 886 couples in the early treatment group compared with 27 HIV transmissions among the 877 couples in the delayed treatment group, as shown in the graph on the slide
This difference was highly statistically significant (P<0.0001), reflecting a 96% reduction in risk of HIV infection in the early treatment group
Furthermore, in all cases the new infections were confirmed as being genetically linked to the HIV-positive partners, confirming the source of the new infection in previously uninfected partners
These results strongly suggest that treating HIV-positive persons sooner rather than later provides a preventive benefit for his or her uninfected partner and affords a potentially enormous public health benefit by slowing the spread of HIV infection

	HIV Prevention Trials Network, May, 2011; Anon. Lancet. 2011;377:1719.


Hepatitis C

Genomics Guide Detection and Therapy

Resistance I1s genomically defined (similar
to HIV)

Therapy strategies based on genomic testing
Host susceptibiity genomically defined




Nucleotide Changes, Result In Codon Changes
That Can Confer Resistance To A Drug

Example: Codon 155 of the HCV Protease

AGG;; |G—A  AAG;s;

\ )
A\ Y

Arginine (R) Lysine (K)

v v
R155 R155

Consensus “wild type” Resistant variant amino acid
amino acid




Lack Of Cross-Resistance Between Peg-IFN/RBV &/Or A Combination
Of Antiviral Agents May Provide An Opportunity For Elimination Of
Resistant Variants
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Patients With NS3 Inhibitor-Resistant Variants Can
Respond To Peg-IFN/RBV

. Patient with selected NS3 R155K variant
' achieved SVR with Peg-IFN/RBY

Initiation of

Peg-IFN/RBY regimen 53 inhibitor

—Peg-IFM-alfa
RBY

® R155K
<> Below sequencing
assay LoD

SVR
& <> <,
HCWY RIS LCD (10 1U/mL)

48 56 64 72

Unpublished data, example from TVE FROVEZ study
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The Human Microbiota

@ Our adult bodies harbor ~10 times more microbial
cells than human cells — a significant number of these
species have not been successfully grown in culture

@ The “human genome” is an amalgam of human genes
and the genes of our microbial partners

@ Our microbial partners carry out many metabolic
reactions that are not encoded in the human genome
and are necessary for health

@® A number of studies have suggested that various
disease states are associated with microbial
community disturbance

@ Without understanding the interactions between our
human and microbial genomes, it is impossible to
obtain a complete picture of our biology



Presenter
Presentation Notes
This project is larger than the human genome - more complicated.


The NIH Human Microbiome Project

Nasal & 6 @ Determining whether individuals share a

core human microbiome
Oral ———

b, @® Understanding whether changes in the
Skin - human microbiome can be correlated with
*F P 'i changes in human health
S il : @ Developing the new technological and
e bioinformatic tools needed to support these
Hrogenital. S goals
®

NIH Human Microbiome Project is only one of several international efforts
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Presentation Notes
Mentioned the differences in total number of phylotypes that have been discovered at each body-site.


Critical guestions
: o0

® How do we acquire and maintain our microbial communities?
How resilient is our microbiome in response to stress?
Can we use this information to devise ways to intentionally
manipulate our microbiome (probiotics, immunization) to

e promote health and/or to prevent or treat various diseases?

How do genotype, environmental exposures, and physiological
status affect microbiome composition?

KEY CONCEPT—MICROBIOLOGICAL COMMUNITY



16S rRNA Gene

Highly Conserved Regions (99% ldentity)
l Conserved Regions (93-95% ldentity)

Hypervariable Regions
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Highly conserved and hypervariable sequences within the 16S rRNA gene permits design of assays for both eubacterial detection and specific pathogen identification.



Use of High-Throughput DNA Pyrosequecing for Pathogen Discovery

DNA-covered
microbeads

Clinical specimen sequenced
by chemiluminescence

|

D

Mucleic acid
sequences obtained

Viral genome cloned

|

Virus propagated in tissue culture

|

ion confirmed through serologic
and molecular assays

Whitley R. N Engl J Med 2008;358:988-989

The NEW ENGLAND

5 JOURNAL o MEDICINE
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Use of High-Throughput DNA Pyrosequencing for Pathogen Discovery.


Bacterial VVaginosis

 Ecologic disturbance
of vaginal flora

e Notan STD

e Dx based on clinical
criteria or gram stain
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Vaginal Gram stain with fusobacillary forms



Microbial Shifts Occurring in BV

BV/|is characterized by 100-1000 fold increase |
bacteria. Lactobacilli concentrations decrease substantially




Community groups
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Chronic Wounds Impact

Wounds have direct medical cost impact ($25 Billion)
Wounds have substantial indirect cost benefit

— Self image

— Economic impact on family members

— Disability
There is little evidence basis for care that is provided
Most research iIs dressing directed

Little pathogenesis research is being done—
OPPORTUNITY!!



Infection In Chronic Wounds—
Current state of art

Definitions of infection in Chronic Wounds
Colonization versus Infection
Clinical— erythema, advancing border,
purulent drainage, “you know It when you see
It”

— Quantitative Culture— >100,000 CFU/Gm of
tissue
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Problems with Cultures

Cultures take 24-48 hours to process
Quantitative Cultures take longer
Cultures are prone to overgrowth
Are there molecular approaches?



JHU Wound Research Program objectives

Describe prevalence of bacterial species in chronic
wounds in a tertiary wound care clinic.

Assess microbial burden by: qualitative culture,
quantitative culture, and bacterial DNA (real-time
polymerase chain reaction (RT-PCR)

Compare microbial populations found at 2 different
locations within a single chronic wound (standardize
methodology).

Preliminary investigation of DNA footprints of
microbes in wound tissue



Prevalence of bacterial species by quant culture

Figure 2. Microbial Diversity in Chronic Wounds

O MRSA
50 - B Pseudomonas aeruginosa
* LI Streptococcus, Group B
45 AL [ Corynebacterium Species
B Staphylococcus aureus
o 40 1 [ Eschericia coli
g 35 | M Prevotella Species
@ [ Klebsiella pneumoniae
S 30 1 B Staphylococcus Sp., COAG NEG
LC) B Acinetobacter baumannii
= 25 1 [J Morganella morganii
= 20 | O Proteus mirabilis
8 B Bacteriodes Species
e 15 + B Enterobacter cloacae
o B Enterococcus Species
10 1 B Alcaligenes Species
5 E citrobacter freundii
| | | | | | [ Klebsiella Oxytoca
0~ [ Peptostreptococcus prevotii
[ streptococcus, Group A
Microbial Speci es O streptococcus, Group G
O Viridans Group Streptococcus

« MRSA (44.8%) , Pseudomonas aeruginosa (27.6%), Group B
Streptococcus (27.6%).
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Too much for 1 slide
At 1st visit, 
So much strep in not so old population is an indicator of chronic disease

19/22 (86.4%,  95%CI 65.1%-97.1%) samples positive for MRSA had ≥ 10^5 CFU/g organisms. 



Prevalence of bacterial species

e 97% of wounds cultured had at least one
organism, 60% three or more

e MRSA (44.8%) , Pseudomonas aeruginosa
(27.6%), Group B Streptococcus (27.6%).

e 19/22 samples positive for MRSA had > 1075
CFU/g organisms

e 11/14 of negative qualitative results were
positive on quantitative microbiology (78.6%,
95%CI 49.2%-95.3%).
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Presentation Notes
Check with johan  presence of mrsa in qualitative culture, regardless of amount, indicates above threshold quantity 8/10 times.



Preliminary 16S DNA clone libraries suggest that wounds
contain many more species of organisms than recovered by
culture

Bacteroides ureolyticus
wsap_4s———— Alcaligenes sp.
wsus_0 —— Janthinobacterium sp.

Wws34B_0e —————— — Stenotrophomonas sp.
wsap 19 ———————————— Pseudomonas fluorescens AE1

WS34B_48

106

Pseudomonas poae

WS34B_05

100 “’“3‘“-‘—3“|— Morganella morganii
WS34B_18

wsip2s— Geobacillus sp.
Yersenia aldovae KB8
WS34B_15 Porphyromonas uenonis

[[0Y]

WSE34B_02

WS34B_39

WS34B_37
Loof WS34B_17 Streptococcus agalactiae
WS34B_47
WS34B_12
wsisg_ 2——— Uncultured Clostridium clone

wsaB_d46 —  Actinobaculum massiliae
wsip_ 36 ——— Mobiluncus mulieris

1o WS*4B-32 l— Staphylococcus aureus USA300
WS34B_29

100




Independant Rarefaction Analysis of Unique Species
from All Wounds
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Molecular Microbiology: New Dimensions for Cutaneous

Biology and Wound Healing

Jo M. Martin', Jonathan M. Zenilman? and Gerald S. Lazarus®

OPEN a ACCESS Freely available online PI ”% one

Community Analysis of Chronic Wound Bacteria Using
16S rRNA Gene-Based Pyrosequencing: Impact of
Diabetes and Antibiotics on Chronic Wound Microbiota

Lance B. Price'*, Cindy M. Liu'?, Johan H. Melendez?, Yelena M. Frankel?, David Engelthaler’, Maliha
Aziz', Jolene Bowers', Rogan Rattray', Jacques Ravel®, Chris Kingsley', Paul S. Keim'?, Gerald S.
Lazarus>, Jonathan M. Zenilman®

RESEARCH LETTERS Yelena M. Frankel, MD, MPH

Johan H. Melendez, MS
Nae-Yuh Wang, PhD

Defining Wound Microbial Flora: Lance B. Price, PhD

Molecular Microbiology Opening Jonathan M. Zenilman, MD
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Conclusions from Metagenomics

Microbial Diversity was significantly lower in those
patients treated with antimicrobials

High proportion of anaerobes and non cultivables

Pyrosequencing validated RT/PCR and culture results
—when latter were positive; 1.e. was more sensitive

Genomics data suggest that anaerobes are critically
Important and this may represent synergistic infections

This is DNA only—Need to do RNA transcriptome
and Host




Conclusions

« Genomics has impacted
— Discovery of new pathogens
— Detection
— Understanding the epidemiology
— Guiding therapy and interventions
— Understanding resistance
— Understanding host susceptibility



Conclusions

* Genomic Methods are rapidly replacing
traditional microbiology

 “Cellphone Paradigm™ in appropriate
settings



Conclusions

* The Microbiome is an ecological concept
that Is leading to new understanding of
Infectious diseases based on “microbial
community” concepts
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