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Remembering Steve Wing 1952-2016  
A passion for environmental justice 
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Outline 

• Ideas Steve imparted about objectivity in science  

– Insights he shared to replicate his “Community-driven 
epidemiology & environmental justice” class at JHSPH 

• Who are scientists’ clients?  

– Why not community? 

• What forces can lead to obscuring of the truth?  

• How to overcome obfuscation and barriers to knowledge 
generation in specific places & for specific populations? 

– Case for community-driven epidemiology 

– Example: Emerging pathogens at human-livestock interface 

• Walking the walk - A self-critical perspective on 
rationalization as an early career scientist 
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Objectivity in science 1/4 
Clients scientists serve 

Who are scientists’ typical clients? 

 

How do these clients shape the research 
questions that are prioritized?  

 

How do these clients perpetuate knowledge 
gaps on specific topics, in specific places, and 

among specific populations? 
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Should scientists work with communities or 
organizations that may take an advocacy position? 

 

Should scientists themselves be prepared to take an 
advocacy position–is further research needed? 

 

If yes, is critical to maintain transparency about 
alignments & conflicts of interest – both financial & 

non-financial 
5 
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Rented white coats slide 
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What scientific methodology are we using? 
 

What research questions do we choose to pursue? 
 

Where do we look? 
 

Inherent uncertainty of science – particularly for single study 
 

Casting sufficient doubt to maintain a status quo 
 
 
 
 
 

“Absence of evidence is not evidence of absence” 
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Objectivity in science 3/4 
Design & methodology 

http://i.imgur.com/OZsAa8G.jpg  
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Rationalization 
 

The 8th deadly sin? 
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http://www.azquotes.com/quote/1383789 
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Objectivity in science 4/4 

Necessary level of criticism (inward & outward) may break-
down given structure of incentives, rewards, & pressures 
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Building on Steve’s research of environmental and health 

implications of industrialization of livestock production in 

North Carolina 

 

Continuing the case for community-driven 
epidemiology 

Example of emerging pathogens at human-livestock interface 
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Community health effects of industrial 
hog operations (CHEIHO) Study 

12 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2446444/pdf/0981390.pdf  

https://ehp.niehs.nih.gov/11250/  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2774199/pdf/S610.pdf  

https://www.ncbi.nlm.nih.gov/pubmed/21228696  

http://dx.doi.org/10.1289/ehp.1205109  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2446444/pdf/0981390.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2446444/pdf/0981390.pdf
https://ehp.niehs.nih.gov/11250/
https://ehp.niehs.nih.gov/11250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2774199/pdf/S610.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2774199/pdf/S610.pdf
https://www.ncbi.nlm.nih.gov/pubmed/21228696
https://www.ncbi.nlm.nih.gov/pubmed/21228696
http://dx.doi.org/10.1289/ehp.1205109
http://dx.doi.org/10.1289/ehp.1205109


Industrialization of hog production in NC 

 

 

 

 

 

Adapted from Wing et al., 2000. Env. Hlth. Persp. 
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Continuing the case for community-driven 
epidemiology 

Example of emerging pathogens at human-livestock interface 

14 

van Loo et al., Emergence of methicillin-resistant Staphylococcus aureus of animal origin in humans. Emerging Infectious  
Diseases. 2007. 13(12)1834-1839. 

 



Antimicrobial resistant S. aureus in humans 
and livestock 

1. Persoons D, Van Hoorebeke S, Hermans K, Butaye P, de Kruif A, Haesebrouck F, et al. Methicillin-resistant Staphylococcus aureus in poultry. Emerg Infect 
Dis 2009;15(3):452-3. 
2. Silbergeld EK, Graham J, Price LB. Industrial food animal production, antimicrobial resistance, and human health. Annu Rev Public Health 2008;29:151-69. 
3.Price et al. Staphylococcus aureus CC398: host adaptation and emergence of methicillin resistance in livestock. mBio 3(1):e00305-11. 2012. 



Global dissemination of livestock-associated   
S. aureus (including CC398) 

https://www.ncbi.nlm.nih.gov/pubmed/20206987  

https://www.ncbi.nlm.nih.gov/pubmed/20206987
https://www.ncbi.nlm.nih.gov/pubmed/20206987


Human-kind is in danger of entering a post-antibiotic era…  



07-M149

Hogs and Pigs - Inventory:  2007

1 Dot = 20,000 Hogs and Pigs 

U.S. Department of Agriculture, National Agricultural Statistics Service

United States Total

67,786,318
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http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Ag_Atlas_Maps/Livestock_and_Animals/ 
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What is state of knowledge in the US?  



http://www.fda.gov/downloads/ForIndustry/UserFees/AnimalDrugUserFeeActADUFA/UCM440584.pdf  

70% Food animal uses 

30% Human uses 

http://www.fda.gov/downloads/ForIndustry/UserFees/AnimalDrugUserFeeActADUFA/UCM440584.pdf


Where would be the best places to investigate US 
emergence of livestock-associated S. aureus? 



Concentrated Animal Feeding Operation - CAFO 

21 http://www.nytimes.com/interactive/2016/10/09/magazine/big-food-photo-essay.html?_r=0  
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Potential for environmental & occupational 
exposure & infection 



Spraying of hog lagoon waste in the rain 
Source:  Neuse River Foundation  23 
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Slide courtesy of Jill Stewart, PhD 





Human MRSA infections are associated with living 
proximal to swine CAFO manure land application crop 

fields. 

But what are pathways of potential exposure for humans? 

Can we study exposure & infection among frontline  
populations living near and/or working at swine CAFOs? 



Where to start looking in such a complex microbial system…? 
Exposure via surface water supplies proximal to swine 

CAFO lagoon waste spray fields 



Characterization of S. aureus 

28 

MRSA Are mecA/mecC 
genes present, 

cefoxitin resistant? 

Is scn gene  
absent? 

Indicator of 
livestock 
adaption 

Is strain type CC398 
or CC9? 

Indicator of 
livestock 
adaption 

Is isolate resistant to ≥3 
classes of antibiotics? 

MDRSA 

Is isolate resistant to 
tetracycline? 

Indicator of 
livestock  
adaption 

Slide courtesy of Maya Nadimpalli, PhD 



CIP CEF ERY TET OXA AMP PEN MDRSA MRSA 

Lack of 

scn spa type CC 
                    t008 8 

                    t021 30 

                    t008 8 

                    t190 8 

                    t008 8 

                    t021 30 

                    t021 30 

                    t216 N/A 

                    t008 8 

                    t216 N/A 

                    t008 8 

                    t008 8 

                    t338 30 

                    t021 30 

                    t021 30 

                    t008 8 

                    t008 8 

                    t008 8 

                    t008 8 

                    t008 8 

                    t008 8 

                    t021 30 

                    t021 30 

                    t267 N/A 

Susceptible 

Intermediate 

Resistant 

MDRSA or MRSA-positive 

Lacks scn 

No resistance to gatifloxacin, gentamycin, levofloxacin, linezolid, rifampin, quinupristin, trimethroprim/sulfamexazole, or clindamycin 

β-lactams 

15 isolates resistant to at least one 
antimicrobial drug class 

Slide courtesy of Sarah Hatcher, PhD 

Are drug-resistant S. aureus in surface waters proximal to swine 
CAFOs?   

7 isolates with marker of livestock-
association 



How many workers are there on the front lines?  

• Estimates of US pop at risk:  
– In 2005, ~850,000 industrial food animal 

production workers1 

– ~54,000 with direct livestock contact2 

• Operations are geographically 
concentrated in US 

• Is gap in understanding of MRSA & MDRSA 
carriage in this pop in US 

1. USDA‐NASS. 2006a. Demographics: Farm labor. Washington, D.C.: USDA National Agricultural Statistics Service. Available at: 
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1063. Accessed 6 September 2012. 

2. Gray, G. et al., Pandemic influenza planning: Shouldn’t swine and poultry workers be included? Vaccine, 2007. 25(22): p. 4376-4381. 30 

http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1063


Challenge: Context and community dynamics of 
livestock production work in NC 

Eastern North Carolina: 
• Rural, diverse racial/ethnic pop’s, low-income 

 
• Populations have a high distrust of medical/health research 

 
• Little industry/employer cooperation with public health research 

 
• No union or other organizing/representation 

 
• Lack of healthcare 

 
• Workers are in an extremely vulnerable position 
 
Central challenge: 
How can we engage livestock workers to improve knowledge about questions 
transmission dynamics and persistence of zoonotic infectious diseases? 

31 



• Community-based participatory research (CBPR) 
– Overcoming barriers together to build the evidence base 

 
• Rural Empowerment Association for Community Help 

(REACH) in Duplin County, North Carolina 
www.duplinreach.org  

– “Hog capitol of the world” 
 
 
 

 
 

• In addition to environmental health education, REACH 
provides diverse social and community-building services 
for industrial hog operation workers and other community 
members in rural eastern North Carolina 32 

How to build evidence base?  
Partnership with community 

	

http://www.duplinreach.org


REACH partners at NC Legislature 



CAFO exposure group 

Antibiotic-free livestock 
operation exposure group 

Rinsky et al., PLOS ONE 2013. 



What conclusions can be drawn based on cross-
sectional study among NC livestock workers? 

• Similar proportion of carriage of S. aureus and MRSA in CAFO and AFLO groups – 
but S. aureus and MRSA appear to be different between groups 
 

• Greater proportion of MDRSA among CAFO vs. AFLO group participants 
– Despite traditional S. aureus risk factors being more prevalent in AFLO group 

 
• Livestock-associated S. aureus make up a large proportion of MRSA and MDRSA 

isolates found among the CAFO exposure group 
 

• Differences exist in the antibiotic resistance patterns observed for the industrial 
and antibiotic-free participants (tet, in particular) 

 

Who else is contributing to the evidence base in the U.S.? 
 
Who is funding their research (and what are their findings)? 

35 



36 

“MRSA-positive pigs and people were clustered in four conventional swine farms in Iowa and Illinois…” 
 

“The relatively low prevalence of MRSA we observed among conventional herds confirms that routine antimicrobial use in 
pigs is not a sufficient cause for emergence of LA-MRSA.” 

“The high prevalence of MRSA reported on an ABF herd in Canada suggests that exposure to antimicrobials is also not a 
necessary condition for the occurrence of LA-MRSA in pigs.” 

“A substantial obstacle to conducting this study was difficulty in recruiting farms.  

Funded under grants 08-178, 08-179, and 08-180 from the National Pork Board 

What result  is not reported? LA-MRSA was not detected on any ABF farms in the study 



What about temporality of S. aureus exposure? 
Among industrial hog operation (IHO) workers 

• Without access to the workplace, how can we 
advance causal inference about livestock-
associated S. aureus exposure dynamics? 

• Exploit temporality of transient occupational 
exposure windows 

• Use time since last industrial hog operation (IHO) 
work shift to: 
– Examine persistence of exposure measures when IHO 

workers have time off 

– Repeated-measures (panel study design) 
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14 day pilot study of 22 industrial hog 
operation workers  

Day 1 2 4 7 9 11 12 13 14 

Training session 
Baseline Questionnaire 

Community 
organizer  
check-in  

Twice-daily: Diary reporting of work activities, exposures, and symptoms 

3 10 8 6 5 

Nasal swabs 

Time away from industrial  
hog operation 

Community 
organizer  
check-in  

Community 
organizer  
check-in  

Community 
organizer  
check-in  

Week 1 Week 2 
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“This study, while small, is important because it shows 

the persistence of this bacteria for the first time in the 

U.S. setting” 

If IHO workers can take antibiotic-resistant S. aureus home, 
what are the exposure implications for their household 

members?  
 

Are children at unique risk of exposure? 



41 
http://dx.doi.org/10.1289/EHP35   

IHO = industrial hog operation      CR = community referent 

http://dx.doi.org/10.1289/EHP35


IHOs and children’s antibiotic-resistant 
(ABR) S. aureus exposure 

42 

IHO children Community referent children 

http://dx.doi.org/10.1289/EHP35   

http://dx.doi.org/10.1289/EHP35


Is nasal carriage related to adverse 
health outcomes among IHO workers 

and their household contacts? 
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Larger IHO worker cohort with 4 mo. of follow-up 

103 industrial hog operation workers  
80 household contacts (26 adults, 54 minors) 

1,459 nasal swabs collected 

Week 

183 nasal swabs collected at baseline 

M Nadimpalli et al. Livestock-associated, antibiotic-resistant Staphylococcus aureus nasal carriage and recent skin and  
soft tissue infection among industrial hog operation workers. PLOS ONE. 2016. 
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Symptoms of skin & soft tissue infection 

Participants reported: 
 

Symptoms of skin and soft tissue infection in prior 3 months 
 

Doctor-confirmed S. aureus infections in past three months 

Number who  
reported SSTI Participant type 

Worker (N=103) 6 (5.8%) 

Minor (N=54) 6 (11%) 

Doctor-confirmed  
infections 

1 (1%) 

1 (2%) 

Despite small numbers, this is the first time symptoms of SSTI 
have been reported in this NC study population. 

M Nadimpalli et al. Livestock-associated, antibiotic-resistant Staphylococcus aureus nasal carriage and recent skin and  
soft tissue infection among industrial hog operation workers. PLOS ONE. 2016. 



Association between baseline S. aureus nasal carriage and 
symptoms of skin and soft tissue infection (SSTI) among 

IHO workers 

M Nadimpalli et al. Livestock-associated, antibiotic-resistant Staphylococcus aureus nasal carriage and recent skin 
and soft tissue infection among industrial hog operation workers. In press, PLOS ONE. 
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IHO worker on-the-job mask usage  

Not wearing a protective face mask is associated with 
IHO worker MDRSA carriage 

P - trend < 0.001 

IHO worker MDRSA exposure might be modifiable 



• Is there sufficient evidence to warrant policy 
change? 
– At individual worker level: PPE/mask usage 

– At facility level: Ban of non-therapeutic 
antimicrobial use in livestock production 

– Herd stocking density & sanitation conditions 

• Or is further research needed? 
– What are the remaining knowledge gaps? 

– Who will fill them? 

48 

Current state of US evidence base  
Antimicrobial use in livestock and human health 



Current state of US evidence base  
Antimicrobial use in livestock and human health 

• Understand triggers of physiologic symptoms and S. aureus 
infection following CAFO work exposure 

– Complex mixture of pathogens, AMR resistance genes, bioaerosols, 
chemicals 

• Build tools to assess subclinical immunologic shifts to advance 
understanding of individuals’ susceptibility: 

- What pushes non-carriers  carriers? 

- What pushes carriers  physiologic symptoms? 

- What pushes carriers  frank infection? 

• Who clears S. aureus after exposure and why?  

- Pathogen characteristics (whole-genome sequencing) 

- Disturbance of microbiota 

- Host immunity 



Finally… 
A self-critical perspective on rationalization  

as an early career scientist 

How to continue to walk the walk… 

50 



Some goals of an early career  
academic scientist 

• Publish 
• Get research funding 
• Teach courses 
• Contribute to professional practice 
• Perform academic service 
• Build a national reputation in field 
• All in order to…? 
• Get promoted and remain in academic field 

51 

How to do all this within a given institution’s  
promotion timeline structure? 



Every path is different… 

52 

But perhaps… 

…being able to diversify one’s research portfolio is a good idea? 

…being able to read the funding priority landscape is a good idea? 

…learning about funders’ proposal evaluation metrics is a good idea? 



Livestock production, antimicrobial use & 
resistance, & human health 

Antimicrobial resistant E. coli before and after CA Senate Bill 27 (ARES):  
A natural experiment (1R01AI130066-01A1) 
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Mouse model of 
skin and soft  
tissue infection: 
Subcutaneous 

inoculation with  
3 × 107 CFUs 
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For me… 

…it’s still a work in progress to keep walking 
Steve’s walk 

 

…and the seeds he planted are still growing 

55 

2nd year of Steve’s class replicated at JHSPH 
 
 

Environmental justice: Concepts, methods, and practice 



Research partnership with South 
Baltimore’s Curtis Bay Community 

Systems framework to estimate and reduce the societal costs  
of solid waste disposal in Baltimore  

Slide courtesy of students Irena Gorski & Cordelia Hao 



Research partnership with 
Baltimore City neighbors of crude oil 

by rail transport lines  
Assessing potential exposure & health outcomes 

Slide courtesy of course student Rachel Viqueira 
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Thank you. 
Questions? 
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