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Challenges to Determining if Zika Virus Causes Birth 
Defects (early 2016)
• Large proportion of persons infected with Zika 

infection asymptomatic 

• Laboratory testing initially not widely available      

(most early cases not laboratory-confirmed) and       

IgM testing challenging (cross-reactivity with other 

flaviviruses, length of IgM persistence unknown, 

etc.)

• Consistent and standardized case definitions of 

microcephaly not being used and baseline rate of 

microcephaly not well defined

• Mosquito-borne viruses not previously recognized as 

teratogenic in humans 

• Rumors circulating about other possible causes     

(e.g., insecticides, genetically modified mosquitoes, 

vaccines)



Shepard’s Criteria for Teratogenicity

Shepard T, Teratology 50:97-98, 1994





Rare Exposure-Rare Defect 

1 – Proven exposure to agent at critical time

3 – Careful delineation of the clinical cases – a 

specific defect or syndrome, if present, is helpful

4 – Rare environmental exposure associated with 

rare defect – probably 3 or more cases

Examples from Shepard (1994) – congenital rubella, diethylstilbestrol, rheumatic

disease (and congenital heart block), cyclophosphamide, and retinoic acid



Mycophenolate Mofetil

Anderka et al., Am J Med Genet A 149A:1241-8, 2009





Epidemiologic Evidence 

1 – Proven exposure to agent at critical time

2 – Consistent findings by 2 or more epidemiologic 

studies of high quality

3 – Careful delineation of the clinical cases – a 

specific defect or syndrome, if present, is helpful



How do Shepard’s Criteria Define “Epidemiologic 
Studies of High Quality”?

• Control of confounding factors

• Sufficient numbers

• Exclusion of positive and negative bias factors

• Prospective studies, if possible

• Relative risk of 6 or more



Robert et al., MMWR Morb Mortal Wkly Rep 31(42):565-6, 1982

Valproic Acid



Use of Epidemiologic Studies in                         
Assessment of Teratogenicity

• “Well-powered epidemiology studies of teratogenic birth 

defects usually require many hundreds or thousands of 

babies to be born with birth defects before causality can be 

established.”



Factoring in Magnitude of Risk

• Smoking and birth defects 

https://www.cdc.gov/tobacco/data_statistics/sgr/50th-anniversary/index.htm

https://www.cdc.gov/tobacco/data_statistics/sgr/50th-anniversary/index.htm




What about Shepard’s Criteria that are 
Listed as “Helpful but not Essential”?
• Teratogenicity in experimental animals important 

but not essential

• The association should make biologic sense

• Proof in an experimental system that the agent 

acts in an unaltered state. Important information 

for prevention



“Proof”

• Do we need proof or are we aiming for sufficient data 
for clinical and public health action?

• In paper by Shepard (1994), ‘. . . “proof” (or better 
stated strong association)’

• In paper by Friedman (2017), “The only way we can 
ever know with certainty that an exposure is 
teratogenic in humans is to recognize that it has caused 
birth defects in children. Our challenge is to do this as 
quickly and efficiently as possible, when the fewest 
babies have been harmed.”



There is need for a multiauthored scholarly 

discussion of the weight of evidence that leads 

us to the assignment of human teratogenicity. 

Perhaps this could be undertaken by the 

Teratology Society’s Public Affairs Committee. 

If this is done we should acknowledge our 

historic dependence on Koch’s postulates and 

writing of Bradford Hill (‘65).

T.H. Shepard, 1994



What about Other Criteria?









Brent Criteria (1)
• Epidemiology studies consistently demonstrate an 

increase in the frequency of congenital malformations, 

and especially a recognizable syndrome in the exposed 

population.

• Secular trend analysis reveals that the frequency of 

congenital malformations is associated with changes in 

population exposure

• An animal model has been developed that is similar to 

the reports in the human can be produced with 

pharmacokinetically equivalent exposures



Brent Criteria (2)

• In the appropriate animal model, the frequency and 

severity of the teratogenesis and/or embryopathology

increases with a dose or exposure that is within the 

range of human exposures

• The teratogenic effect is consistent with the basic 

principles of embryology and teratology and does not 

contradict biologic principles or biologic common sense



Bradford Hill Criteria

Bradford Hill, Austin, Proceedings of the Royal Society of Medicine. 58 (5): 295–300, 

1965



Quotes from Bradford Hill’s Paper

• Here then are nine different viewpoints from all of which we should 

study association before we cry causation.

• What I do not believe – and this has been suggested – is that we can 

usefully lay down some hard-and-fast rules of evidence that must be 

obeyed before we accept cause and effect.

• None of my nine viewpoints can bring indisputable evidence for or 

against the cause-and-effect hypothesis and none can be required as 

a sine qua non.

• What they can do, with greater or less strength, is to help us to 

make up our minds on the fundamental question – is there any other 

way of explaining the set of facts before us, is there any other 

answer equally or more likely than cause and effect?



Bradford Hill “Criteria” (AKA Viewpoints)
• Strength of association – higher size of risk makes causality more likely

• Consistency – results are replicated in other studies

• Specificity – single putative cause produces a specific effect

• Temporality – exposure always precedes the outcome

• Biologic gradient – an increasing level of exposure increases the risk

• Plausibility – association agrees with currently accepted understanding

• Coherence – association should be compatible with existing theory and 
knowledge

• Experiment – condition can be produced by an appropriate experimental 
regimen

• Analogy – findings of analogous associations between similar factors and 
similar disease



Congenital Zika Syndrome – Cranial Morphology
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Microcephaly and Zika Virus





Fetal Brain Disruption Sequence

▪ Findings in some cases were consistent with fetal brain disruption 
sequence

▪ First described in 1984 but noted in earlier literature

▪ Fetal brain disruption sequence includes severe microcephaly, 
overlapping sutures, prominent occipital bone, scalp rugae, and 
marked neurological impairment

Moore, et al. J Pediatr 1990;116:383-386.



Does Zika Virus Cause Adverse Pregnancy and Birth Outcomes?

Criterion Criterion 

Met?

1. Proven exposure to agent at critical time(s) during prenatal 

development

Yes

2. Consistent findings by ≥2 high-quality epidemiologic studies Partially

3. Careful delineation of clinical cases Yes

4. Rare environmental exposure associated with rare defect Yes

5. Teratogenicity in experimental animals important but not 

essential

No

6. Association should make biologic sense Yes

7. Proof in an experimental system that the agent acts in an 

unaltered state

NA

Criteria for Proof of Human Teratogenicity
Items 1-3 OR 1, 3, 4 are essential criteria,

5-7 are helpful, but not essential







Zika Is a Cause of Microcephaly 
(Released by NEJM on April 13, 2016)











• Epidemiologic data, including case-control study with overall 

odds ratio of 55.5 (95% CI, 8.6–infinity) (de Araujo et al., 

2016)

• Registry data from US and territories (Honein et al., 2017; 

Reynolds et al., 2017; Shapiro-Mendoza et al., 2017)

• Animal models, including mice (Cugola et al., 2016; Li et al., 

2016; Miner et al., 2016), chick (Goodfellow et al., 2016), 

macaque (Adams Waldorf et al., 2016) models

Additional Data after Publication of the NEJM Paper



Does Zika Virus Cause Adverse Pregnancy and Birth Outcomes?

Criterion Criterion 

Met?

1. Proven exposure to agent at critical time(s) during prenatal 

development

Yes

2. Consistent findings by ≥2 high-quality epidemiologic studies Partially Yes

3. Careful delineation of clinical cases Yes

4. Rare environmental exposure associated with rare defect Yes

5. Teratogenicity in experimental animals important but not 

essential

No Yes

6. Association should make biologic sense Yes

7. Proof in an experimental system that the agent acts in an 

unaltered state

NA

Criteria for Proof of Human Teratogenicity
Items 1-3 OR 1, 3, 4 are essential criteria,

5-7 are helpful, but not essential
- UPDATE)



Conclusions
• Shepard’s criteria have stood the test of time and remain 

useful but might benefit from updating 

✓Are the criteria about epidemiologic studies too hard to 
meet?

✓Should an animal model be required?

✓Should biologic plausibility be required?

• Criteria should serve as a framework – not strict criteria

• Goal of criteria should be to guide decision-making for 
clinical and public health actions - waiting for proof might 
mean that many babies are unnecessarily exposed



QUESTIONS
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Polling Question #1

• Did CDC’s confirmation of Zika virus as a cause of birth defects 

come too early, on time, or too late?

a. Too early

b. On time 

c. Too late

d. Not sure



Polling Question #2

• Should the Society for Birth Defects Research and Prevention 

review Shepard’s criteria and update if needed?

a. Yes

b. No

c. Not sure





“. . .we are concerned about the 

introduction of new arbovirus in the 

continent, in particular Chikungunya and 

Zika viruses, and would like to provide 

tools to the countries to study and identify 

potential congenital arboviral infections, 

including their possible teratogenicity.”



History of Zika Virus and Microcephaly

• 1947 Zika virus identified in monkey in Uganda (Zika forest)

• 2007  Large outbreak of Zika virus illness in the State of Yap, 
Federated States of Micronesia

• 2013-2014 Large outbreak of Zika in French Polynesia

• Early 2015 Zika virus first identified in the Americas in Brazil

• Sept 2015 Increased number of infants born with microcephaly 
noted in Brazil

• Early 2016 Increase in microcephaly retrospectively noted in 
French Polynesia following the 2013-2014 outbreak

• Jan 2016 CDC issues interim travel guidance for pregnant persons 
for areas with ongoing Zika virus transmission, CDC 
activates its Emergency Operations Center





Either 1-3 OR 1,3, and 4 are essential criteria –

these consider the ways that teratogens had 

previously been recognized

Both require the following:

1 – Proven exposure to agent at critical time

3 – Careful delineation of the clinical cases – a 

specific defect or syndrome, if present, is 

helpful

1, 3, and 4 – Incorporates rare exposure-rare 

defect by requiring #4:

4 – Rare environmental exposure associated 

with rare defect – probably 3 or more cases

1-3 – Incorporates epidemiologic evidence by 

requiring #2:

2 – Consistent findings by 2 or more 

epidemiologic studies of high quality



Isotretinoin





On the basis of more than 7,000 

articles, the Advisory Committee 

concluded that cigarette smoking is:

• A cause of lung cancer and laryngeal 

cancer in men

• A probable cause of lung cancer in 

women

• The most important cause of chronic 

bronchitis

January 11, 1964 --

Luther L. Terry, 

M.D., Surgeon 

General, released 

the first report of 

the Surgeon 

General’s Advisory 

Committee on 

Smoking and Health





Destruction of 
existing CNS 

tissue

and

Disruption of 
future 

developmenta
l processes

Loss of brain 

volume  

Neurologic 

dysfunction

Prenatal Zika Virus Infection – Congenital Zika Syndrome

• Severe microcephaly

• Misshapen skull with 

overlapping sutures

• Redundant scalp

• Hearing, vision, 

swallowing problems

• Global developmental   

impairment

• Limb contractures

• Hypertonia, hypotonia, 

epilepsy, extreme 

irritability

Recognizable 

pattern =

congenital Zika 

syndrome

Moore et al., JAMA Pediatr 2017;171(3):288-295.


