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1. To understand the role of AAP and CDC 

guidelines in determining blood lead testing 

practices

2. To quantify the effectiveness of these 

guidelines in 39 states with respect to 

detection of lead-exposed children

3. To understand how our approach to blood 

lead testing often fails to achieve its intended 

goals

Objectives



Background



 CDC and AAP have advocated targeted (non-
universal) testing as long as clinicians could 
determine exposure risk for each patient…

• Via a questionnaire administered in the office

• Based on the age and quality of the patient’s local 
housing stock

• Based on an evaluation of their community provided 
by state or local Public Health agencies

 In the absence of information, universal testing 
has been indicated

Child blood lead testing guidelines (1998, 

2005, 2016)



In the absence of information, universal testing 

has been indicated

 Minimum standards for these kinds of data 

have never been articulated

 Absent a minimum standard, it is difficult to say 

that the information provided are insufficient

 Therefore, no one faces a de facto requirement 

to engage in universal testing due to lack of 

data

Child blood lead testing guidelines (1998, 

2005, 2016)



 States are neither required nor resourced to conduct 
studies of exposure prevalence among representative 
populations

 Instead, they aggregate test results from clinics to inform 
policy, but

• No minimum number of tests required to infer risk in a 
community (if no one does any testing, there will be no 
positive tests and we can claim no problem)

• No requirement for meaningful geography specified 
(county-level reporting is ok)

• No requirement that data be shared 

Example:  Public Health agencies’ 

capacity to evaluate risk

• You may need to file a Freedom of Information Act request

• This is still no guarantee of success, even if they data exist



 Clinicians may choose between universal and 
targeted testing based not on what they know 
about their communities, but on what they think 
they know

• “Lead is a Northeast/Midwest problem—we don’t have 
that here”

• “The state Public Health agency isn’t contradicting me, 
so you can’t say I’m wrong”

 For this reason, we cannot take for granted the 
success of the policy for any given state; therefore, 
we evaluate:

Implication:  Why we evaluate the policy

How effective have clinicians been at detecting 

lead exposure among their young patients?



 Tension between testing and primary prevention:

• “The focus of…policy should shift from case identification to 
primary prevention” (2005 guidelines)

• “…the goal must be to find all children with excess exposure 
and interrupt that exposure….” (2005 guidelines)

 The public is focused on the second goal

• California state legislature has considered mandating testing 
so that all cases can be identified 

• They were opposed by the AAP with the explicit argument 
that the existing guidelines are sufficient to identify all 
exposed children

• Almost universally, questions about EBLL prevalence are 
addressed using clinical testing results

Is this important?



 Evaluate CDC/AAP guidelines as policy:  

Have they resulted in lead-exposed children being 

identified?  

How many EBLL kids did we catch?  

How many did we miss? 

 Our study covers the years 1999-2010

Today’s objective



Methods



1. How many cases of EBLL are detected each year?

• This requires reporting that uses standardized case 

definitions

2. How many cases of EBLL should be detected each 

year?

• State-specific estimates of prevalence using a statistical 

model

3. How do these numbers compare?

• We can calculate a ratio of observed cases to expected 
cases

Three numbers we need to know



 States can voluntarily report EBLL case counts to CDC

• Employ standardized definition of “EBLL case”

• Only consistent for BLL ≥ 10.0 mcg/dL during 1999-2010

 This is the only nationally-consistent resource we have for 
BLL testing results

 During 1999-2010, 39 states (including DC) reported 

• 18 states only participated intermittently:  for these states, we 
only consider the years for which they had complete reporting

• 12 states did not participate during 1999-2010

1.  How many cases of EBLL were

detected each year?



 This is the hard part!

 Data Source:  National Health and Nutrition Examination Survey 
(NHANES)

• Nationally representative sample

• Not amenable to sub-setting by state

 We sought to use NHANES to generate a model predicting 
EBLL based on

• Race/ethnicity

• Household poverty

• Residence in pre-1978 housing

• Geographic region (Northeast, Midwest, South, West)

• Year

2. How many cases of EBLL should be 

detected each year?



 Key information missing

• Age of housing not reported by over 1/3 of NHANES 
participants

• Missing-ness is not random:  depends on home 
ownership, age of housing itself, etc.

 How to account for this?

• Methods exist to deal with Missing-Not-At-Random 
(MNAR) data

• Not easy to use with complex datasets like 
NHANES

Why is this difficult?



Methodological solution



 Among children aged 12 months to 5 years

 Using different definitions of EBLL

• ≥10.0 mcg/dL

• ≥ 5.0 mcg/dL

• ≥ 2.5 mcg/dL

 With our models, we can estimate EBLL prevalence

• Using American Community Survey data as inputs

• For any time point and geography covered by 
NHANES 1999-2010 

In this way, we modeled EBLL prevalence



How did our method compare to 

traditional NHANES estimates?

NHANES point estimates

Our method trend estimates



A. Numbers come from different data collection processes

• Our estimates are based on a cross-sectional study (NHANES)

• Participants are tested once during the year

• Gold standard for determining prevalence and covariates of a disease in a 

population

• CDC reports are like a rolling enrollment study 

• Children can be tested more or less than once per year 

B. Our model produces “average expected numbers” of EBLL cases

• Actual number EBLL cases in a state may be more or less than the 

expected number for any given year (that is, the actual numbers are 

log-normally distributed around estimates from model)

• Over the long term for the entire nation, the actual and expected 

numbers should be similar

3. How do these numbers compare?                      

...the big caveats



Results



Comparing reported EBLL cases to our 

estimates

Overall ratio = 0.64 
(states that reported to CDC) 

Ratio of cases reported to cases predicted, 1999-2010 

(BLL ≥ 10.0 mcg/dL, reporting years only)



 Overall, about 64% of the expected number 

of cases were reported to the CDC

Results by state

Percentage of 

expected cases that 

were reported

Number 

of states
States

> 60% 16
CT, IA, IL, MA, MD, ME, MI, MO, NH, NJ, NY, 

OH, PA, RI, VT, WI

20 – 50% 12
CA, DC, DE, IN, KS, LA, MN, MS, NC, TX, VA, 

WV

< 20% 11 AZ, CO, FL, GA, KY, NM, NV, OK, OR, TN, WA

Did not report to CDC 

during 1999-2010
12 AK, AR, HI, ID, MT, ND, NE, SC, SD, UT, WY, AL



23 states identified fewer than half of their 

lead-poisoned children*



Total estimated cases of EBLL, 1999-2010 

by region



 EBLL is not just a Midwest/Northeast problem

• The greatest number of lead-exposed children is 

actually in the South

• The lowest ascertainment rate is in the West

 Most of the states that reported to CDC missed 

more children with EBLL than they caught

• If the events in Flint, Michigan happened in any of 

these states, would we know?

• Could they be happening now?

Summary



 We compared reported cases to the numbers 
predicted by a statistical model

• Estimates from rigorous, cross-sectional EBLL 
prevalence studies would carry more scientific weight 
than ours

 Some children with EBLL

• Were not reported to the CDC, but were detected and 
received services

• Were reported to the CDC, but did not receive services

 We don’t know much about testing patterns in states 
that don’t report data to CDC 

More caveats



Interpretation:

How Did This Happen?



 Targeted Testing largely assumes clinicians 

will be directed by state and local public 

health agencies

 Therefore, the logic of the guidelines rests on 

the ability for public health agencies to 

inform clinicians about EBLL risk in the 

communities they serve

How did this happen?



 They are almost never resourced sufficiently 

to conduct independent scientific studies of 

representative populations

 Therefore, they 

1. Aggregate test results by clinicians, 

2. Hope that the clinicians are doing enough 

testing on which to build a complete picture

How do public health agencies determine 

communities’ risks? 



The foundation of lead surveillance?

I hope the Public Health Department 

tells me if I should do some testing!

I hope the pediatricians tell us if 

anyone needs testing!



1. Lucky states:  Providers do lots of testing; 

public health agencies have lots of data that 

they share with providers

2. Unlucky states:  The system breaks down:

• Providers don’t test, so agencies have no data, 

or…

• Providers may test but agencies are unwilling or 

unable to share their data

Two possible outcomes



Do states fall into two distinct groups?

Ratio of cases reported to cases predicted, 1999-2010 

(BLL ≥ 10.0 mcg/dL, reporting years only)



 If we accept the following purpose for AAP 

practice guidelines:

• To “identify all children with excess lead 

exposure, and prevent further exposure to 

them.”  (2005 guidelines)

 Then—in most of the states evaluated—

the practice guidelines failed during 1999-

2010

Conclusions



1. Publically repudiate the practice of basing prevalence estimates 
for lead exposure on clinical test results unless scientific 
standards are met

• For most communities in most states, this means admitting that we 
do not know the risk of lead exposure

2. Allow targeted testing based on data-driven algorithms, but
specify minimum standards for data

• Adequately-powered studies based on representative samples are 
the gold standard

• Reliance on clinical testing results is permissible when standards for 
sample size, geographic resolution, and open communication 
with clinicians are met

3. Whenever and wherever the above standards are not met, 
universal testing should be clearly and emphatically promoted

Recommendations for new guidelines



www.pehsu.net/nationalclassroom.html

Webinars

Series of scientific 

webinars that provide a 

forum for discourse on 

scientific issues.

Live and On-Demand

Case Conferences 

Journal Clubs

Grand Rounds

CE Available

Online Courses

Interactive and Self-Paced

Evidence-based online 

courses on a variety of 

children's environmental 

health topics.

CE Available

Resource Catalog

Fact sheets, journal 
publications, reports, and 

other resources for parents, 
community members, 

patients and healthcare 
professionals

Topics included: 
Air Quality, Pesticides, 

Natural Disasters, BPA, Mold, 
Lead, Mercury



Update on Lead Exposure in Flint, 
Michigan and East Chicago, Indiana

Susan Buchanan, MD, MPH
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• List the causes of elevated blood lead levels in 

Flint, Michigan and East Chicago, Indiana

• Explain the lead prevention programs that have 

developed in response to the Flint lead crisis

• Identify the roles of ATSDR and PEHSU in the Flint 

and East Chicago responses

Objectives



Geometric Mean Blood Lead Levels in Children 

Ages 1 to 5 years (National Health & Nutrition Surveys)
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Low-Level Environmental Lead Exposure and Children’s 

Intellectual Function: An International Pooled Analysis



National Toxicology Program 

At mean blood lead levels < 5ug/dl

Sufficient evidence for: 

• Attention-related problems

• Greater incidence of problem 

behaviors

• Decreased cognitive 

performance

National Toxicology Program Monograph on Health Effects of Low-Level Lead 2012



Flint, Michigan



https://ethicsalarms.com/2016/01/19/ethics-questions-and-answers-regarding-the-flint-

michigan-water-crisis/



Flint Timeline

April 2014

Water switch 
from Detroit to 
Flint River

Sept 2014

E. Coli levels 
high, boil 
water alert

Oct 2014

High THMs 
noted, 
increase in 
Legionella 
cases noted

Oct 2014

GM 
announces 
will no longer 
use water due 
to concerns of 
corrosion from 
chloride

Dec 2014

MDEQ notifies 
Flint re: high 
levels of 
TTHMs



Flint Timeline, Continued

Jan 2015

State offers 
bottled water in 
state offices

April –
June 2015

EPA discovers 
no corrosion 
control used 
and homes with 
elevated lead 
levels

Aug 2015

Marc Edwards 
(Virginia Tech) 
releases first 
data re: 
elevated lead 
levels in homes 
– 30% over 
15ppb

Sept 2015

Dr. Mona 
Hanna-Attisha
presents data 
from children’s 
BLLs

Oct 2015

Flint water is 
switched back 
to Detroit water 
supply



Lead levels in tap water

flintwaterstudy.org/wp-

content/uploads/2016/03/

Flint-task-force-

report_2438442_ver1.0.p

df&hl=en_US

• Lead and Copper Rule 1991: Action 

Level 15ppb

• “Systems are required to perform 

public education when there are lead 

action level exceedances at more than 

10% of the taps sampled, treat source 

water if it contributes significantly to 

lead levels at the tap, and replace lead 

service lines if the lead levels continue 

to exceed the action level after optimal 

corrosion control and/ or source water 

treatment has been installed”

• Flint levels: 40% of the first draw 

samples > over 5 parts per billion (ppb). 

Several samples exceeded 100 ppb, 

and one sample collected after 45 

seconds of flushing exceeded 1,000 

ppb.



Drinking Water and BLL

No known reports of 

community mean BLL over 

“level of concern” due to 

contaminated drinking water 

(Pb in plumbing)

“Tap water once contributed 

to as much as 10-20% of total 

Pb exposure in the US.”

National Toxicology Program Monograph on Health 

Effects of Low-Level Lead 2012

How much does lead in drinking water 

contribute to blood lead?



Hanna-Attisha M et al. Elevated Blood Lead Levels in Children Associated 

With the Flint Drinking Water Crisis: A Spatial Analysis of Risk and Public Health 

Response. Am J Public Health 2016, Vol. 106, No. 2, pp. 283-290

Blood Leads of Flint Children



 Workers are removed when blood lead 

is 50-60ug/dl

 Return to work when blood lead 

decreases to 40ug/dl

OSHA Lead Standard



Health Effects to Flint Population*

http://mic.com/articles/133019/22-powerful-photos-show-the-

devastating-reality-of-flint-s-water-crisis#.b6yPmkrkJ

*attributed by residents 

to water contamination

• Rash

• Hair loss

• Tooth loss



Public Health Messaging



Michael Moore 

“They are ruined for life and 

someone needs to tell you the 

truth about that. They will, 

forever, suffer from various  

neurological impediments, their 

IQs will be lowered by at least 

20 points.”

Challenges: public health messaging



Update 2017 -- Flint, Michigan

 Blood lead levels

 Current drinking water supply

 New programs/services

 Residents’ perspectives



Current blood lead levels in Flint

http://www.michigan.gov/flintwater/



Blood lead levels in Flint, Michigan

http://www.michigan.gov/flintwater/



 Increased monitoring for coliforms, flushing protocols

 Increased chlorine levels because of stasis

 Lead levels improved. 
• Early 2016: 90th %-ile = 29ppb

• Current 90th %-ile = 6-8ppb

• Still some homes > 15ppb (particulate)

 No further discoloration (from iron leaching off water mains)

 Disinfection byproducts (from Flint River water and over-
chlorination) now below regulatory limits

 Bottled water still being distributed 

Current drinking water in Flint



Flint Area Community Health and Environment Partnership 

(FACHEP)

 Investigating outbreak of Legionella

 11% of homes (+) for legionella

• “Similar outside of Flint and not unexpected”

• Concern that filters can harbor bacteria

Legionnaire’s Disease



 Lead service line replacement - $100 million from EPA, goal 

6,000/yr; 800 so far

 MSU-Hurley Children's Hospital Pediatric Public Health 

Initiative (PPHI)

• Farmer’s market gift certificate booklets for 

schoolchildren

• Flint lead registry

New programs and services 



 EPA grant to Genesee Co. Health Dept

• “Water 101” for residents

 DOL grant

• CORE program - Distribution of water filters by trained 

local residents

• Filters for homes with lead service lines or unknown 

status of lines

New programs and services



 No trust in government

 No trust in the drinking water system

 Don’t trust the water filters (rated to only 150ppb)

 Bottled water distribution continues. Phase out expected to 

create extreme anxiety.

Residents’ perspectives 



Messaging challenges– per Mark Durno, EPA

• Transparency vs. collecting 

more data before making 

public

• Announcing to community vs. 

working with individuals

• Insufficient outreach to med 

professionals

Cardinal Rules of Risk Communication

1. Accept and involve the public as a partner. 

2. Plan carefully and evaluate the outcome of 

the communication efforts.

3. Listen to the public’s concerns. 

4. Be honest, frank and open. 

5. Work with other credible sources.

6. Meet the needs of the media. 

7. Speak clearly and with compassion. 



East Chicago, Indiana





Soil Lead Levels East Chicago

EPA standard: 400ppm in bare 

soil in play areas and 1200 

ppm for non-play areas



East Chicago - Response

1. Testing – soil, blood 

screening, indoor dust

2. Outdoors – mulch, 

excavation

3. Clean up/remediation –

indoors

4. Demolition, Re-location

5. Service line 

replacement



Lead Surveillance in East Chicago

Total tested: >2,000

Percent children <6yo with BLL ≥ 

5ug/dL = 8-12%

Besides one child with BLL = 

33ug/dL, none > 10ug/dL. No 

levels > 5ug/dL since January 

2017



Response – East Chicago



Messaging



Point of care testing:  
What to do about lead poisoning 
in the age of error?

Jennifer A. Lowry, MD, FAAP, FAACT, FACMT

Chief, Section of Toxicology and Environmental Health, Children’s Mercy, Kansas City

Chair, Council on Environmental Health, American Academy of Pediatrics
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At the end of this presentation, participants will 

be able to:

• Recall the events that lead to the FDA/CDC 

announcement regarding use of Lead Care II 

for venous testing

• Explain why recommendations by CDC were 

made

• Discuss the individual needs of patients who 

received venous testing using point of care 

testing.

Objectives



Scope of the Problem



Timeline of Events

August 2014

• Magellan 
Diagnostics' reports 
initially recognized 
possible problems 
with the 
performance of their 
LeadCare Ultra.

November 24, 2014

• Sent letter to customers 
instructing facilities to 
implement a 24 hour 
incubation step with the 
blood sample to mitigate 
and fully resolve what they 
noted was a low risk of 
underestimation of BLL.

November 4, 2016

• Notified customers of similar 
problems when processing 
venous blood samples via 
LeadCare II testing systems and 
recommended a 4 hour 
incubation period for blood 
collection tubes received by 
laboratories from other facilities.

November 11, 2016

•Notified customers by bulletin the 
rubber caps of Becton Dickinson’s (BD) 
K2-EDTA Vacutainer blood collection 
tubes may introduce a substance into 
blood sample when used with 
LeadCare II systems. Instructed 
facilities to implement a minimum 4 
hour incubation step with blood sample 
to mitigate rubber cap exposure.

April 28, 2017,

•Notified customers they 
should no longer use BD 
blood collection tubes with 
lavender or tan-colored 
tops with their LeadCare
Ultra and Plus systems, 
and should discontinue the 
24 hour incubation step.



 Review of data supporting the issues 

contained in customer notifications did not 

confirm a root cause (including the tubes) for 

the inaccurate results. 

 Found a lack of reliable data:

• identifying the root cause of the problem, 

• the frequency and extent of inaccurate test, 

results, and

• adequate effectiveness to support the mitigating 

steps taken by Magellan.

FDA Response



 No evidence Magellan’s LeadCare Testing 
Systems have the same problem when 
processing capillary blood samples.

 Unable to identify root cause for inaccurate 
results, based on data provided by Magellan.

 Conducting studies with the CDC to identify 
cause and better characterize the extent of 
problem.

 No reason to believe other lead tests, such as 
those using mass spectrometry, are affected by 
this issue.

FDA Response



CDC Response



AAP Response



AAP Response:  Who and why?



 On November 11, 2016, Magellan notified 

customers by bulletin that the rubber caps of 

the Becton Dickinson’s (BD) K2-EDTA 

Vacutainer blood collection tubes may 

introduce a substance into the blood sample 

when used with their LeadCare II systems. 

The bulletin instructed facilities to implement a 

minimum 4 hour incubation step with the 

blood sample to mitigate rubber cap 

exposure.

Theories of Cause



 FDA and CDC have ongoing investigations 

to discover the root cause.

 FDA also concerned about reporting of 

capillary blood lead tests and have ongoing 

investigation.  No details on that at this time.

 AAP reevaluating Lead Policy and 

considering early revision.

 PEHSU Lead Management Factsheet 

update soon

Next steps



Questions?
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