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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 unique 16S ribosome 

DNA elements 
• March to libraries 
• Link to detection system 
• Specificity can be a problem 



Polymerase Chain Reaction 



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 







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 in field settings, schools, jails etc 
• No transport issues 
• Turnaround 24 hours 
• Multiplex 
• BUT-cant detect resistance 





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

Turner, C. F. et al. JAMA 2002;287:726-733 

Copyright restrictions may apply. 
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Diagnostic Progression of C 
Difficile 

• Culture—Takes days and is 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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Detecting Undetectable/Hard to 
detect organisms  

• Bartonella and other fastidious bacteria (eg 
TB) 

• HPV viruses 
• T. palliduma and LGV in lesions 
• Newly discovered organisms 



20 patients with brain abscess 
Cultures=22 strains; PCR=72 strains 
27 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 







Syphilis –T pallidum cannot be 
cultured –Genomics has 

facilitated understanding the 
epidemiology of resistance 
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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. 

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



J Clin Invest 2011;121:4584 



Sensiotivity and Specificity >98% for both 
 TB detection and Susceptibilty 
 
Rapid Turnaround (2 hours) 









Alignment of PBP 2 sequences from strains of Neisseria gonorrhoeae with different penA 
alleles. 

Unemo M et al. Antimicrob. Agents Chemother. 
2012;56:1273-1280 
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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.



Le Figaro , Paris 
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Facilitating Epidemiology 
 



Subclinical  Herpes Viral 
Shedding –Old Model 

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

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

• Responsible for most transmission 

Wald A NEJM 1995. 



Subject 1:  HSV-2 seropositive 
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Cervix 
Vulva + + + + 

Perianal + 
Lesion(s) 

Subject 2:  HSV-2 seropositive 
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Cervix 
Vulva + + 

Perianal + + + + 
Lesion(s) 

Subject 3:  HSV-1 seropositive 
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Cervix + + + + + + 
Vulva + + + + + + 

Perianal + + 
Lesion(s) 

Subject 4:  HSV-2 seropositive 
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Cervix + + + + + 
Vulva 

Perianal 
Lesion(s) 

Viral Shedding Patterns in Women 

Wald A NEJM 1995. 





Figure 1. Distribution of Genital Shedding Rate Among Asymptomatic and Symptomatic 
Infection Groups 

Tronstein, E. et al. JAMA 2011;305:1441-1449 

Copyright restrictions may apply. 
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Figure 2. Herpes Simplex Virus Copy Number During Genital Shedding 

Tronstein, E. et al. JAMA 2011;305:1441-1449 

Copyright restrictions may apply. 
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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.





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). 

Novel Swine-Origin Influenza A (H1N1) Virus Investigation Team. N Engl J Med 
2009;360:2605-2615. 
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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.



Avian 
virus 

Human 
 virus 

Avian 
virus 

Reassortment  
in swine 

Reassortment  
in humans 

Avian 
virus 

Influenza Transmission to Humans 



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

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 



Quinn TC et al. N Engl J Med 2000;342:921-929. 



Female-to-male HIV transmission in HIV-discordant couples, 
by circumcision status in Rakai, Uganda 
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Cohen MS, et al. J Infect Dis. 2005 May 
1;191(9):1391-3.  



Interventions 

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



ART, Serodiscordant Couples, and  
HIV Transmission: Study Results 

• 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 

• The difference was highly 
statistically significant 
(P<0.0001) 
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Source:  Cohen MS, et al. N Engl J Med. 2011;365:493-505. 
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SPEAKER’S NOTES: The study results show that antiretroviral therapy substantially protected HIV-negative sexual partners from acquiring HIV infectionA 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 slideThis difference was highly statistically significant (P<0.0001), reflecting a 96% reduction in risk of HIV infection in the early treatment groupFurthermore, 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 partnersThese 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 is genomically defined (similar 

to HIV) 
• Therapy strategies based on genomic testing 
• Host susceptibiity genomically defined 













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 

$ 

Determining whether individuals share a 
core human microbiome 

Understanding whether changes in the 
human microbiome can be correlated with 
changes in human health 

Developing the new technological and 
bioinformatic tools needed to support these 
goals 

NIH Human Microbiome Project is only one of several international efforts  

Presenter
Presentation Notes
Mentioned the differences in total number of phylotypes that have been discovered at each body-site.



 
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 
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 
 

Critical questions 
 



5′ 

 

3′ 

  16S rRNA Gene 

Conserved Regions (93-95% Identity) 

Highly Conserved Regions (99% Identity) 

Hypervariable Regions 

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



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

Use of High-Throughput DNA Pyrosequecing for Pathogen Discovery 
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Use of High-Throughput DNA Pyrosequencing for Pathogen Discovery.



Bacterial Vaginosis 

• Ecologic disturbance 
of vaginal flora 
 

• Not an STD 
 

• Dx based on clinical 
criteria or gram stain 







Vaginal Gram stain with fusobacillary forms 



Microbial Shifts Occurring in BV 
     
   1011 

 G. vaginalis Lactobacillis 

 Anaerobes 

 Mycoplasmas 

 

    104 

 

BV is characterized by 100-1000 fold increase in pathogenic 
bacteria. Lactobacilli concentrations decrease substantially 





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 is 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 





Problems with Cultures 

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



• 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 
 

JHU Wound Research Program objectives 



Figure 2. Microbial Diversity in Chronic Wounds
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Prevalence of bacterial species by quant culture 

• MRSA (44.8%) , Pseudomonas aeruginosa (27.6%), Group B 
Streptococcus (27.6%). 
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Too much for 1 slideAt 1st visit, So much strep in not so old population is an indicator of chronic disease19/22 (86.4%,  95%CI 65.1%-97.1%) samples positive for MRSA had ≥ 10^5 CFU/g organisms. 



Prevalence of bacterial species 

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

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

• 19/22 samples positive for MRSA had ≥ 10^5 
CFU/g organisms. 

• 11/14 of negative qualitative results were 
positive on quantitative microbiology (78.6%, 
95%CI 49.2%-95.3%).  
 

Presenter
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

Janthinobacterium sp.
Alcaligenes sp.

Stenotrophomonas sp.
Pseudomonas fluorescens AE1

Pseudomonas poae

Morganella morganii

Geobacillus sp.

Yersenia aldovae KB8
Porphyromonas uenonis

Streptococcus agalactiae

Uncultured Clostridium clone

Mobiluncus mulieris
Actinobaculum massiliae

Staphylococcus aureus USA300

Bacteroides ureolyticus

Janthinobacterium sp.
Alcaligenes sp.

Stenotrophomonas sp.
Pseudomonas fluorescens AE1

Pseudomonas poae

Morganella morganii

Geobacillus sp.

Yersenia aldovae KB8
Porphyromonas uenonis

Streptococcus agalactiae

Uncultured Clostridium clone

Mobiluncus mulieris
Actinobaculum massiliae

Staphylococcus aureus USA300

•16S-based phylogenic tree from a single chronic wound. 
•Organisms labeled in red were not recovered by quantitative microbiology.  
 
 

 









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; i.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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