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Stuff I thought was “Hot” 

• Sepsis 

– Of Mice and Men 

• Drug safety 

– Fungal infections 

– Old drugs that kill 

• Emerging infections 

– Novel coronavirus 

– H7N9 

– CRE 

• New cures 

– The cure for CDI 

– A cure for HIV? 

• Designer Vaccines 

 



Sepsis: Of Mice and Men 

• Murine models have been 
extensively used to identify and 
test drug candidates for sepsis 
in subsequent human trials 

• Very few of these human trials 
have shown success 
– To date, there have been nearly 

150 clinical trials testing 
candidate agents intended to 
block the inflammatory response 
in critically ill patients and every 
one of these trials failed  



• The Inflammation and Host Response to Injury, Large Scale 
Collaborative Research Program 
– Multiple studies on the genomic responses to systemic 

inflammation in patients and human volunteers as well as 
murine models 

• Systematic comparison of the genomic response between 
human inflammatory diseases and murine models 
– Gene expression 
– Temporal gene response 
– Major signaling pathway activation and regulation 



Seok et al at www.pnas.org/cgi/doi/10.1073/pnas.1222878110  

Correlation of gene 
changes among 
human and mouse 
burn, trauma or 
endotoxemia. Human 
burn and trauma are 
highly correlated 
(R2=0.91), but mouse 
burn and trauma are 
poorly correlated 
(R2=0.13) 

http://www.pnas.org/cgi/doi/10.1073/pnas.1222878110


Seok et al at www.pnas.org/cgi/doi/10.1073/pnas.1222878110  

Comparison of time-course gene changes for human 
and mouse burns, trauma and endotoxemia. 

http://www.pnas.org/cgi/doi/10.1073/pnas.1222878110


Seok et al at www.pnas.org/cgi/doi/10.1073/pnas.1222878110  

Pathway comparisons between human and mouse burns, trauma or endotoxemia 

http://www.pnas.org/cgi/doi/10.1073/pnas.1222878110


Comparison of genomic responses to severe acute inflammation from 
different etiologies in human and murine models 

Seok et al at www.pnas.org/cgi/doi/10.1073/pnas.1222878110  

http://www.pnas.org/cgi/doi/10.1073/pnas.1222878110


What this tells us 

• Models are models and sometimes the model 
is wrong 
– Mouse models may be useful in some areas of 

medicine but not in inflammation 

• Sepsis research needs a new model 

• Why didn’t anyone figure this out before? 
– We need more model busting like this to be done 

with animal models of human disease 

– Likely billions of wasted dollars 





Source: RM Smith et al N Engl J Med 2012 DOI: 10.1056/NEJMoa1213978 



The Story 

• First case (Aspergillus meningitis) reported in 
Tennessee on Sept. 18, 2012 

• 37 deaths in 590 cases reported to date 
• All cases tied to preservative-free 

methylprednisolone vials produced by a single 
pharmacy, New England Compounding Center in 
Framingham, MA 

Source: RM Smith et al N Engl J Med 2012 DOI: 10.1056/NEJMoa1213978 



US Fungal Infections Outbreak 

• Total cases = 590 
– Preliminary report on 386 cases 

• Presentations 
– Meningitis (78%) 
– Spinal & paraspinal infections (17%) 
– Peripheral joint infections (5%) 

• Most common fungi isolated 
– Exserohilum rostratum n=100 
– Aspergillus fumigatus n=1 
– Cladosporium sp. and others N=10 

Source: RM Smith et al N Engl J Med 2012 DOI: 10.1056/NEJMoa1213978 



Source: RM Smith et al N Engl J Med 2012 DOI: 10.1056/NEJMoa1213978 



Patient Demographics 

Source: RM Smith et al N Engl J Med 2012 DOI: 10.1056/NEJMoa1213978 



Source: RM Smith et al N Engl J Med 2012 DOI: 10.1056/NEJMoa1213978 



Source: RM Smith et al N Engl J Med 2012 DOI: 10.1056/NEJMoa1213978 



Outcomes & Lab Data 

Source: RM Smith et al N Engl J Med 2012 DOI: 10.1056/NEJMoa1213978 



What this tells us 

• Healthcare-acquired infections present in 
surprising ways 

• Drug regulation is an important part of drug 
safety 

• Fungus and steroids are a bad mix 

• Thank god for the border! 

• There’s a lot of fungus amongst us 



Source: WA Ray et al N Engl J Med 2012;366:1881-90 

• A retrospective cohort study of mortality among patients in 
the Tennessee Medicaid program 
– 347,795 prescriptions for azithromycin, 1,391,180 matched 

control periods with no study antibiotic treatment 
– 1,348,672 prescriptions for amoxicillin, 264,626 prescriptions for 

ciprofloxacin, and 193,906 prescriptions for levofloxacin 



Source: WA Ray et al N Engl J Med 2012;366:1881-90 



Source: WA Ray et al N Engl J Med 2012;366:1881-90 



Source: WA Ray et al N Engl J Med 2012;366:1881-90 



Source: WA Ray et al N Engl J Med 2012;366:1881-90 



Study Conclusions 

• During 5 days of azithromycin therapy, there 
was a small absolute increase in 
cardiovascular deaths 
– Compared with amoxicillin, there were 47 

additional cardiovascular deaths per 1 million 
courses of azithromycin therapy 

– For patients in the highest decile of baseline risk 
of cardiovascular disease, there were 245 
additional cardiovascular deaths per 1 million 
courses 

Source: WA Ray et al N Engl J Med 2012;366:1881-90 



What this tells us 

• Old drugs can still be unsafe drugs 

• Population-based therapeutic studies are 
useful to detect safety signals 

• Antibiotic use can be a killer 



Emerging Infections 



Who is this? 



AM Zaki et al N Engl J Med 2012;367:1814-20 



Index Patient 

• 60 year old Saudi 
male 

• Seen in June 2012 
with 7-day history of 
fever & cough 

• Patient died 11 days 
after admission with 
respiratory and renal 
failure 

AM Zaki et al N Engl J Med 2012;367:1814-20 





Novel Coronavirus - HCoV 

• In September 2012, a novel coronavirus was isolated 
from the index patient 
– The clinical presentation was reminiscent of the outbreak 

caused by the SARS-coronavirus (SARS-CoV) 
– Sequence analysis of the new virus revealed that it was a 

member of the same genus as SARS-CoV 

• By March 26, 2013, 17 laboratory- confirmed cases had 
been reported with 11 deaths 
– The first 9 cases were in individuals resident in the Middle 

East 
– 3 recent cases were in family members resident in the UK 
– Most recent case is UAE resident treated in Germany 

Source: WHO at http://www.who.int/csr/don/2013_03_26/en/index.html  

http://www.who.int/csr/don/2013_03_26/en/index.html
http://www.who.int/csr/don/2013_03_26/en/index.html


AM Zaki et al N Engl J Med 2012;367:1814-20 





Effective replication of HCoV in 
bronchial  epithelial cells 



Updated WHO Surveillance Criteria for 
NCoV as of March 18, 2013 

1. A person with an ARI and indications of pulmonary parenchymal disease 
(e.g. pneumonia or ARDS), based on clinical or radiological evidence of 
consolidation, who requires admission to hospital  

 
AND any of the following: 
 

• The disease occurs as part of a cluster that occurs within a 10-day period , 
without regard to place of residence or history of travel, unless another 
aetiology has been identified. 

• The disease occurs in HCW who has been working in an environment where 
patients with severe acute respiratory infections are being cared for, 
particularly patients requiring intensive care, without regard to place of 
residence or history of travel, unless another aetiology has been identified. 

• Develops an unexpectedly severe clinical course despite appropriate 
treatment, without regard to place of residence or history of travel, even if 
another aetiology has been identified, if that alternate aetiology does not fully 
explain the presentation or clinical course of the patient. 



Updated WHO Surveillance Criteria 
NCoV 

2. A person with an acute respiratory illness of any 
degree of severity who, within 10 days before 
onset of illness, had close contact with a 
confirmed or probable case of novel coronavirus 
infection, while the case was ill 

3. For countries where the novel coronavirus has 
already been detected, the minimum standard 
for surveillance should be testing of patients 
with severe respiratory disease requiring 
mechanical ventilation  



It’s back… 





Influenza H7N9 

• On March 31, 2013 health authorities in China notified 
WHO of 3 lab-confirmed cases of avian influenza A 
(H7N9) virus infection causing severe respiratory illness 

• NML has access to the H7N9 whole genome sequence 
through the Global Initiative on Sharing Avian Influenza 
Data 

• Whole genome analysis 
– Does not contain HPAI sequence 
– Appears to confer optimal temperature growth for 

mammalian species 

• CDC progressing with early work on vaccine candidates 



H7N9 Epidemiology 

• Early in the disease, patients experience high fever and 
cough, which then progresses to pneumonia and 
severe acute respiratory distress 

• The pandemic risk, route of transmission, incubation 
period and reservoir are unknown at this 

• A wide range of zoonotic investigations are underway 
in China, including Poultry and Swine. 

• At this time human-to-human transmission has not 
been established, and China is monitoring contacts of 
cases closely for signs and symptoms of illness 

 



H7N9 as of April 5, 2013 
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H7N9 Map as of April 3, 2013 
Image 1: Geographic location and status of  confirmed  influenza  A(H7N9)  cases,  April  3,  2013,  People’s  Republic  of  China 
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Current status 



H7N9 Map as of April 8, 2013 



H7N9 as of April 5, 2013 

Location Sex Age Onset Hospitalization  Death Report date 

Shanghai M 87 13-02-19 13-02-24 13-03-04 13-03-31 

Shanghai M 27 13-02-27 13-03-03 13-03-10 13-03-31 

Chuzhou, Anhui Prov F 35 13-03-09 13-03-19 13-03-31 

Nanjing, Jiangsu Prov F 45 13-03-19 13-03-27 13-04-03 

Shuyang, Jiangsu Prov F 48 13-03-19 13-03-30 13-04-03 

Suzhou, Jiangsu Prov M 83 13-03-20 13-03-29   13-04-03 

Wuxi, Jiangsu Prov F 32 13-03-21 13-03-28 13-04-03 

Taicang, Zhejiang Prov M 38 13-03-07 13-03-18 13-03-27 13-04-04 

Hangzhou, Zhejiang Prov M 67 13-03-25 13-04-02 13-04-04 

Zhejiang Prov M 64 13-03-29 13-03-31 13-04-04 13-04-04 

Shanghai M 48 13-03-28 13-04-03 13-04-03 13-04-04 

Shanghai F 67 13-04-04 

Shanghai F 52 13-04-03 13-04-04 

Shanghai M 4 13-04-04 

Nanjing, Jiangsu Prov F 61 13-03-20 13-04-02 13-04-05 

Nanjing, Jiangsu Prov M 79 13-03-21 13-03-31 13-04-05 

Case count: 16 
Deaths: 6 



Draft Guidance for IPAC of Severe 
Respiratory Illness 



What this tells us 

• Another SARS is just around the corner 

• We need to study potential zoonotic sources 
more closely 

– More interaction with our veterinary colleagues 

• Surveillance and communication must be 
encouraged for early detection of new 
infectious diseases 



CRE: What we thought VRE would be 



CRE in 2012 

• Carbapenem-resistant Enterobacteriaceae (CRE) have 
become highly resistant to most or all antibiotics 

• In the US, the incidence of CRE has increased from 
about 1% to 4% during the past decade 
– CRE bloodstream infections are associated with mortality 

rates approaching 50%. 

• CRE has now spread throughout the United States 
– About 4% of acute-care hospitals and 18% of long-term 

acute-care hospitals reported at least one CRE to the NHSN 
in the first 6 months of 2012 

– Nearly all patients with CRE were currently or recently 
treated in a health- care setting 





CRE in US: 2001-2011 





CRE in Canada: 
CNISP Data 2010-11 
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Source: Mounchili A et al Carbapenem-Resistant Gram-Negative Enterobacteriaceae and Acinetobacter baumannii in Canadian Acute 
Care Hospitals(CNISP) 2010-2011 Submitted to  JAC 



CRE in Canada: CNISP Data 2010-11 

Source: Mounchili A et al Carbapenem-Resistant Gram-Negative Enterobacteriaceae and Acinetobacter baumannii in Canadian Acute 
Care Hospitals(CNISP) 2010-2011 Submitted to  JAC 



CRE: IPAC Implications 

• Preventing spread is important 

– Active case detection 

– Contact precautions for colonized or infected 
patients 

– Cohorting of patients and staff 

– Encouraging appropriate antibiotic use in all 
settings 

– Communication about infections when patients 
transfer 

 



What this tells us 

• CRE is going to be what we thought VRE was 
going to be 

• We need IPAC precautions now to slow the 
advance of CRE into the hospital environment 

• We need investment into new antimicrobials 
effective against CRE 



Cures? 



Fake Stool: The Next Step 



Study Design 

• Proof of principle study 
• Two patients with recalcitrant CDI 

– Failed at least 3 courses of metronidazole and/or oral 
vancomycin  

– Infected with hypervirulent C. difficile ribotype 078 

• Stool substitute 
– Pure culture of 33 bacterial isolates purified from intestinal 

bacterial cultures from a single healthy donor 
– Infused throughout the right and mid-colon via colonoscopy 

• Each patient reverted to their normal bowel pattern 
within 2 to 3 days and remained symptom-free at 6 
months 











What this tells us 

• Despite the complexity of the human fecal 
microbiome, effective artificial stool for 
treating CDI is possible 

• Artificial stool could make stool “transplant” 
more palatable 

• Artificial microbiome therapy may be possible 
for other diseases e.g. bacterial vaginosis, 
chronic sinusitis,  

 



The Beginning of the End? 

Sáez-Cirión et al PLOS Pathogens 2013; 9: 1-12 



PTC Study Population 

• 14 HIV-1-infected pts. with durable viral control 
following the interruption of effective ART that 
was initiated during 1° HIV infection (PHI) 
– 12/14 had symptomatic PHI 

• The median ART duration = 36.5 months 

• Viral control persisted for a median of 89 months 
following the discontinuation of ART 
– 8/14 had VL below the detection limit in all available 

samples after treatment interruption 

– 6/14 had occasional increases in VL 

Sáez-Cirión et al PLOS Pathogens 2013; 9: 1-12 



Sáez-Cirión et al PLOS Pathogens 2013; 9: 1-12 



Sáez-Cirión et al PLOS Pathogens 2013; 9: 1-12 



Sáez-Cirión et al PLOS Pathogens 2013; 9: 1-12 



Sáez-Cirión et al PLOS Pathogens 2013; 9: 1-12 



Sáez-Cirión et al PLOS Pathogens 2013; 9: 1-12 



Sáez-Cirión et al PLOS Pathogens 2013; 9: 1-12 



What this tells us 

• A functional cure for HIV infection is possible 

• An argument for early ART in PHI 

• Better understanding of the early and late 
dynamics of the HIV reservoir in the human 
host 



Designing Better Vaccines: 
The Future of Vaccine Development 



FMDV Vaccine 

• FMDV is a picornavirus that causes foot-and-mouth 
disease of animals 

• Safe and effective FMDV vaccines can be made from 
recombinant virus-like particles (VLP) that lack the viral 
genome 

• Synthesis of stable forms of such particles on a large 
scale has proved difficult due to 2 key problems 
– A protease required for the proper processing of the 

polyprotein precursor is toxic for host cells 

– Empty VLPs tend to be physically unstable in comparison 
to virus particles containing nucleic acid 



X-ray Crystallography of VLP Capsid 



Engineered FMDV Vaccine Efficacy 





What this tells us 

• Better vaccines through rational engineering 
are coming 

• This should improve vaccine effectiveness, 
safety and stability 

• Collaboration between multi-disciplinary 
teams with vaccinologists, structural 
biologists, etc. can lead to important steps 
forward 



Stuff I thought was “Hot” 

• Sepsis 

– Of Mice and Men 

• Drug safety 

– Fungal infections 

– Old drugs that kill 

• Emerging infections 

– Novel coronavirus 

– H7N9 

– CRE 

• New cures 

– The cure for CDI 

– A cure for HIV? 

• Designer Vaccines 

 



Resolutions for 2013 

Popular New Year’s 
resolutions 

• Get rich 

• Marry George 
Clooney 

• Go to the gym more 

• Study harder 

Resolutions that are 
more likely to succeed 

• Catch a unicorn 

• Make some alien 
friends 

• Kill a dragon 

• Touch the sun 


