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Infection Control



Objectives 

• The challenge of anticipating risk

• Proving causality 

• Preventing Transmission 

• Lines of research inquiry 



“As we know, there are known knowns; there are things we know we know. 
We also know there are known unknowns; that is to say we know there are 
some things we do not know. But there are also unknown unknowns – the 
ones we don't know we don't know…it is the latter category that tend 
to be the difficult ones”



Zika Virus Outbreak  



“Known Unknown or Unknown Unknown?”



Yap Island Outbreak – 2007 



Outbreak in French Polynesia – 2013

• About 10,000 cases were registered

• 70 were severe cases, including neurological (GBS, 
meningoencephalitis) or autoimmune (thrombocytopenic 
purpura, leukopenia) complications

• 42 registered cases of GBS

• The vectors were Aedes aegypti and Aedes polynesiensis

• Two cases positive ZIKAV RT-PCR performed on serum 
collected within four days post-delivery  



Other reports of Adverse Outcomes of Pregnancy after  
Mosquito-borne Flaviviral Infections

• Spontaneous abortion after JEV infection

• Neonatal dengue has followed congenital dengue infection

• SLEV, JEV, WNV infection of pregnant mice has caused 
abortion and stillbirth, as well as neonatal hydrocephalus

• Abortion, stillbirth, neonatal death reported in offspring of 
pregnant sheep infected with WNV

Chye JK et al Clin Infect Dis. 1997;25:1374 –1377 8; Kerdpanich A et al  Southeast Asian J Trop Med Public Health. 2001; 
32:488 – 493 9; Poli L et al. Bull Soc Pathol Exot. 1991;84:513–521 10; Andersen AA et al. Infect Immun. 1975;12:1173–
1183 11;  Mathur A et al 1981;34: 26 –29 13; Barnard BJ et al Onderstepoort J Vet Res. 1986;53:235–238



Birth Outcomes Following West Nile Virus Infection of 

Pregnant Women in the United States: 2003-2004

• 2003-2004 women in the US with WNV infection during 
pregnancy were reported to CDC

• Data on pregnancy outcomes were collected

• 77 women infected with WNV, 71/77 delivered live infants; 4 
miscarriages, 2 elective abortions

• 54/55 negative for anti-WNV IgM from cord serum

O'Leary DR et al.  Pediatrics 2006;117:e537-45



Birth Outcomes Following West Nile Virus Infection of Pregnant Women in the United States: 2003-2004



Birth Outcomes Following West Nile Virus Infection of Pregnant 
Women in the United States: 2003-2004



Criteria for Causality

• Strength

• Consistency

• Specificity

• Temporality

• Biological gradient

• Plausibility

• Coherence

• Experiment

• Analogy



Zika Virus Associated with Microcephaly

J. Mlakar et al., Zika virus associated with microcephaly. N. Engl. J. Med. 2016; 

10.1056/NEJMoa1600651 









“The Case against Zika virus”

• Case reports are never free of confounders

• By definition, they represent selection bias

• “.. looking for ZIKV in microcephalic infants is like looking for 
dropped car keys in the light of a streetlamp”

• To observe the full picture, one must examine neurologically 
normal infants born to mothers infected with ZIKV during 
pregnancy

Bouvier N. Science Trans Med 2016



Slam Dunk (?) Epidemiological Study for Causality

• Cohort study – follow up of 
pregnant women infected/not 
infected with Zika with 
microcephaly as outcome

• Case control study –
comparing exposure to Zika
virus in infants with 
microcephaly to infants with 
no microcephaly 



Association between Zika virus and microcephaly in French Polynesia, 2013–15: a retrospective study

Baseline 
prevalence of 
microcephaly 
per 10 000 
neonates

Number of 
microcephaly 
cases per 10 000 
women infected 
in the period of 
risk

Risk ratio (95% 
CI)

p value AICc for model 
fit

Trimester 1 2 (0–8) 95 (34–191) 53·4 (6·5–1061·2) 0·0007 0

Trimesters 1 
and 2

2 (0–8) 50 (17–101) 26·4 (3·0–352·0) 0·0015 1·37

Trimesters 1, 
2, and 3

2 (0–9) 42 (13–86) 20·8 (2·1–424·1) 0·0032 2·73

Cauchemez et al, Lancet 2016 in press



WHO Situation Report March 17, 2016

“The mounting evidence from observational, cohort and case-
control studies indicates that Zika virus is highly likely to be a 
cause of microcephaly, GBS and other neurologic disorders. 
Among the tasks ahead are to further quantify the risk of 
neurologic disorders following Zika virus infection, and to 
investigate the biological mechanisms that lead to neurologic 
disorders.”



Figure 1 

Cell Stem Cell DOI: (10.1016/j.stem.2016.02.016) 

Tang H et al, Cell Stem cellDOI: 10.1016/j.stem.2016.02.016



Ann Clin Microbiol Antimicrob. 2016;15:13.



Aedes aegypti Breeding Sites





Zika as a Hospital Infection Control Problem





Fig 1. Mosquito populations (A), viral infection (B), dissemination (C) at days 4 and 7 after challenge of 
Aedes aegypti and Aedes albopictus from Continental America (Brazil and United States) with ZIKV provided 

at a titer of 107 TCID50/mL.

Chouin-Carneiro T, Vega-Rua A, Vazeille M, Yebakima A, Girod R, et al. (2016) Differential Susceptibilities of Aedes aegypti and Aedes albopictus 
from the Americas to Zika Virus. PLoS Negl Trop Dis 10(3): e0004543. doi:10.1371/journal.pntd.0004543
http://journals.plos.org/plosntds/article?id=info:doi/10.1371/journal.pntd.0004543

http://journals.plos.org/plosntds/article?id=info:doi/10.1371/journal.pntd.0004543


Identification and flow of clusters and households in study of community mobilization in 

Nicaragua and Mexico for dengue prevention

Neil Andersson et al. BMJ 2015;351:bmj.h3267



Areas covered by study of evidence based community mobilization for dengue prevention in 

Nicaragua and Mexico 

Neil Andersson et al. BMJ 2015;351:bmj.h3267



Cluster RCT of Interventions to Prevent Dengue 



Detection of Zika Virus in Blood and Saliva: duration

Gourinat et al, EID 2015



Detection of Zika Virus in Blood and Saliva: duration

Musso et al, J Clin Virol 2015; 68:53-55



Probable Non–Vector-borne Transmission of Zika Virus, Colorado

• Clinical and serologic evidence 
indicate that 2 U.S scientists 
contracted Zika virus infections 
while working in Senegal in 
2008

• One of the scientists 
transmitted Zika to his wife after 
his return home

• Direct contact is implicated as 
the transmission route, most 
likely as a sexually transmitted 
infection

Foy BD et al, EID 2011; 17: 880-882



Transmission of Zika Virus Through Sexual Contact with Travelers to Areas 
of Ongoing Transmission — Continental United States, 2016

• During February 6–22, 2016, two confirmed and four probable 
cases of Zika virus sexual transmission were reported to CDC 
by health officials from multiple states

• Median patient age was 22.5 years (range 19–55 yrs), and 
several women were pregnant

• In all cases where type of sexual contact was documented, the 
contact included condomless vaginal intercourse and occurred 
when the male partner was symptomatic or shortly after 
symptoms resolved

MMWR March , 2016; 65:215-216 



Zika Virus and Semen

• Case report of a 32 year old man who returned to France from Brazil and 
French Guyana diagnosed with Zika by PCR

• Semen sample collected 2 weeks after the diagnosis detected RNA viral 
loads of 8.6 log10 copies/ml, compared to 3.1 in urine and 2.8 in blood 

• Case report from French Polynesia outbreak, 2 weeks after initial 
symptoms, Zika detected by PCR in semen

• Semen positive at 27 and 62 days after symptom onset (CT 29 and 33), 
infectious virus not cultured

Mansuy JM et al, Lancet Infect Dis 2016
Musso D et al, EID 2015; 21: 552
Atkinson B et al, EID 2016



MMWR Report- March 25, 2016 







Anticipating the international spread of Zika virus from Brazil

Bogach I et al. Lancet 2016



Sri Lanka
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Mexico

Honduras

Colombia

Nicaragua (León)

Nicaragua (Managua)
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Pilot Studies 

• Cohort of 200 persons in Bucaramanga, Colombia

• Goal is to assess Zika viral shedding in infected persons –
blood, saliva, urine, semen and using quantitative PCR will be 
establish longitudinal curves of viral shedding and potentially of 
predictors of longer duration and peak viral load 

• Similar study in Leon, Nicaragua 

• A third study will be to establish a biobank of placentas in 
Colombia



What is the Role of Antibody Dependent Enhancement?  



Summary

• Pregnany complications of Zika virus were an “unknown 
unknown”

• Emerging evidence demonstrating evidence for causality but 
not complete

• Major knowledge gaps and these lead to challenges in 
preventing transmission


