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Supplementary Table 1. Clinical features of the major congenital infections

CMV

HSV

Rubella

T. gondii

ZIKV

Overall

12-7% symptomatic at
birth 1

40-58% long term
sequelae !

10-15% of initially
asymptomatic develop
neurological sequelae 2
12% of initially
asymptomatic develop
SNHL ?

Only 5% of cases of
neonatal HSV are
attributable to in utero
transmission 3

90% have defects if
infection occurs in the
first 10 weeks of
pregnancy 4

24% of live born infected
infants symptomatic at
birth 5

Congenital infection
estimated as 29% in a
preliminary analysis of a
cohort in Brazil

Microcephaly

35% of symptomatic
children with congenital
CMV identified through
screening 7

16% of cases of in utero
transmission 8

27-42% of congenital
rubella syndrome 911

5-10% of symptomatic
cases 1213

Currently uncertain risk.
Modelling based on data
from French Polynesia
estimated a risk of 1%
(95% CI 0-3, 1-9%)
infected the first
trimester developed
microcephaly.t4
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3:4% of live births from a
prospective cohort in
Brazil.6

Low risk in the second
and third trimesters.15

Central nervous
system findings

71% of symptomatic
children identified
through screening CT
abnormal and 48% had
calcification 7
Lissencephaly and
polygyria also reprted.16

Calcification in up to
30% of cases of in utero
transmission. Other
structural abnormalities
including porencephaly,
ventriculomegaly also
described.8

Evidence from case
series: subcortical
anterior temporal cysts??,
periventricular and basal
ganglia calcification'®
and white matter
hyperintensities in the
periventricular and
subcortical regions?®

13% intracranial
abnormality
(calcification, ventricular
dilatation), higher rates
the earlier infection
occurs in pregnancy °

Case studies of 23
infants with
microcephaly show that
all had calcifications in
the cortical-subcortical
junction and a range of
other malformations
including cortical gyral
abnormalities
(pachygyria,
polymicrogyria and
lissencephaly), brain
stem abnormalitites,
ventriculomegaly, and
myelination changes.?%-2?
Hypertonicity,
hyperreflexia.?®

Skin and
musculoskeletal

Petechiae 55%, purpura
3% of symptomatic
children identified
through screening’

95% of cases of in utero
transmission have skin
lesions, 17% have limb
and bone abnormalities 8

Purpura 17% 1!

Up to 25% have a rash.
Skin findings may
include petechiae,
ecchymoses, purpura,
and blue-red "blueberry
muffin" lesions?*

Arthrogyposis 232526

No skin lesions
reported?s but excessive
scalp skin noted?’

Eyes

Visual impairment 22-
58% of symptomatic 2
Chorioretinitis in 9% of
symptomatic children
identified through
screening ’

39% of cases of in utero
transmission have
ophthalmologic
abnormalities 8

78% ocular involvement
(pigmentary retinopathy,
cataracts,
microphthalmia)®

86% visual loss 10

25% cataracts, 5%
retinopathy 1

18% ocular involvement
(retinochoroiditis,
microphthalmia) °

Can develop as a late
manifestation throughout
childhood and
adolescence.

A study of 29 infants with
microcephaly showed
ocular abnormalities
were present in 35%:
focal pigment mottling of
the retina and
chorioretinal atrophy,
optic nerve
abnormalities, iris




coloboma and lens
subluxation.2®

Haematology

Thrombocytopenia 38%
of symptomatic children
identified through
screening ’

No data available

Thrombocytopenia is
reported to occur

Thrombocytopenia up to
40% 12

Not known

Neurodisability

Cognitive defects 35% of
symptomatic 2
Neurological sequelae
(inc SNHL in 35-45%
symptomatic 2°

6-5% of asymptomatic
develop cognitive/
neurological impairment?
25% 1Q <70, 16% motor
deficit in symptomatic
children identified
through screening *
Normal development at
1 year predicts normal

neurological outcome
30,31

Minimal data. High rate
of developmental delay
when reported in
surviving children 8

62% psychomotor
retardation
13-41% mental
retardation®11

Difficult to estimate as
early fetal infection often
results in termination
where available. Modern
case series involving
treated children
demonstrate very good
neurodevelopmental
outcomes with low risk of
serious neurological
sequelae 32

Higher rates of severe
neurological outcome
have been reported in
other series 33

Suspected seizures and
swallowing difficulty3*
Develomental delays4

Hearing loss SNHL 35% of Rare reports of SNHL3® Hearing loss is common | Very rare in modern SNHL. One study
symptomatic, 36% of in congenital rubella case series showed 4 out of 69
symptomatic through syndrome and is the Up to 10% in historic (5-8%) infants with ZIKV
screening 27 most common single series 12 related microcephaly
SNHL in 7-10% defect. Estimates range had hearing loss.36
asymptomatic 2 from 60-95% 911
In developed countries
21% SNHL at birth, 24%
at 4 years.

Cardiac Not commonly reported Not commonly reported Estimates vary from 45- | Extensive heart Cardiac  dysautonomia

66%, Main cardiac
defects are patent
ductus arteriosus and
pulmonary stenosis %11

calcification may occur

has been reported3”




Liver Jaundice in 40%, 28% of cases of in utero | Hepatosplenomegaly Can lead to Hepatomegaly not
hepatosplenomegally in | transmission have liver 19% 1! hepatomegaly and reported®®
17%, Transaminitis 55% | impairment 8 cholestatic jaundice and
of symptomatic children occasionally liver
identified through calcifications
screening ’

Death 4% of symptomatic ? 45% of cases of in utero | 3-4% if infected in the Rare in modern case Unknown but fetal
0-5% of all infections transmission 8 first trimester 4 series — mainly deaths have been
identified through therapeutic termination reported.38:39
screening ! (<2%) 533

SNHL: Sensorineural hearing loss

References

1. Dollard SC, Grosse SD, Ross DS. New estimates of the prevalence of neurological and sensory sequelae and mortality associated with congenital
cytomegalovirus infection. Reviews in medical virology 2007; 17(5): 355-63.

2. Manicklal S, Emery VC, Lazzarotto T, Boppana SB, Gupta RK. The “silent” global burden of congenital cytomegalovirus. Clinical microbiology
reviews 2013; 26(1): 86-102.

3. Pinninti SG, Kimberlin DW. Neonatal herpes simplex virus infections. Pediatr Clin North Am 2013; 60(2): 351-65.

4. Best JM. Rubella. Semin Fetal Neonatal Med 2007; 12(3): 182-92.

5. Syrocot study group, Thiebaut R, Leproust S, Chene G, Gilbert R. Effectiveness of prenatal treatment for congenital toxoplasmosis: a meta-analysis
of individual patients' data. Lancet 2007; 369(9556): 115-22.

6. Brasil P, Pereira JP, Jr., Raja Gabaglia C, et al. Zika Virus Infection in Pregnant Women in Rio de Janeiro - Preliminary Report. N Engl J Med 2016.
7. Dreher AM, Arora N, F owler KB, et al. Spectrum of disease and outcome in children with symptomatic congenital cytomegalovirus infection. The
Journal of pediatrics 2014; 164(4): 855-9.

8. Marquez L, Levy ML, Munoz FM, Palazzi DL. A report of three cases and review of intrauterine herpes simplex virus infection. Pediatr Infect Dis J
2011; 30(2): 153-7.

9. Givens KT, Lee DA, Jones T, Ilstrup DM. Congenital rubella syndrome: ophthalmic manifestations and associated systemic disorders. BrJ
Ophthalmol 1993; 77(6): 358-63.

10. Munroe S. A survey of late emerging manifestations of congenital rubella in Canada: Canadian deafblind and rubella association, 1999.

11. Reef SE, Plotkin S, Cordero JF, et al. Preparing for Elimination of Congenital Rubella Syndrome (CRS): Summary of a Workshop on CRS
Elimination in the United States. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America 2000; 31(1): 85-95.
12. McLeod R, Kieffer F, Sautter M, Hosten T, Pelloux H. Why prevent, diagnose and treat congenital toxoplasmosis? Mem Inst Oswaldo Cruz 2009;

104(2): 320-44.

13. Capobiango JD, Bregano RM, Navarro IT, et al. Congenital toxoplasmosis in a reference center of Parana, Southern Brazil. Braz J Infect Dis 2014;

18(4): 364-71.




14. Cauchemez S, Besnard M, Bompard P, et al. Association between Zika virus and microcephaly in French Polynesia, 2013—15: a retrospective study.
The Lancet 2016; 387(10033): 2125-32.

15. Johansson MA, Mier-y-Teran-Romero L, Reethuis J, Gilboa SM, Hills SL. Zika and the Risk of Microcephaly. N Engl J Med 2016; 375(1): 1-4.

16. Barkovich AJ, Lindan CE. Congenital cytomegalovirus infection of the brain: imaging analysis and embryologic considerations. AJNR Am J
Neuroradiol 1994; 15(4): 703-15.

17. Severino M, Zerem A, Biancheri R, Cristina E, Rossi A. Spontaneously regressing leukoencephalopathy with bilateral temporal cysts in congenital
rubella infection. Pediatr Infect Dis J 2014; 33(4): 422-4.

18. Numazaki K, Fujikawa T. Intracranial calcification with congenital rubella syndrome in a mother with serologic immunity. J Child Neurol 2003;
18(4): 296-7.

19. Lane B, Sullivan EV, Lim KO, et al. White matter MR hyperintensities in adult patients with congenital rubella. American Journal of Neuroradiology
1996; 17(1): 99-103.

20. de Fatima Vasco Aragao M, van der Linden V, Brainer-Lima AM, et al. Clinical features and neuroimaging (CT and MRI) findings in presumed Zika
virus related congenital infection and microcephaly: retrospective case series study. BMJ 2016; 353:11901.

21. Hazin AN, Poretti A, Turchi Martelli CM, et al. Computed Tomographic Findings in Microcephaly Associated with Zika Virus. N Engl J Med 2016;
374(22): 2193-5.

22. Cavalheiro S, Lopez A, Serra S, et al. Microcephaly and Zika virus: neonatal neuroradiological aspects. Childs Nerv Syst 2016; 32(6): 1057-60.

23. Miranda-Filho Dde B, Martelli CM, Ximenes RA, et al. Initial Description of the Presumed Congenital Zika Syndrome. Am J Public Health 2016;
106(4): 598-600.

24, Fine JD, Arndt KA. The TORCH syndrome: a clinical review. J Am Acad Dermatol 1985; 12(4): 697-706.

25. Martines RB, Bhatnagar J, de Oliveira Ramos AM, et al. Pathology of congenital Zika syndrome in Brazil: a case series. Lancet 2016.

26. van der Linden V, Filho EL, Lins OG, et al. Congenital Zika syndrome with arthrogryposis: retrospective case series study. BMJ 2016; 354: 13899.
27. Chan JF, Choi GK, Yip CC, Cheng VC, Yuen KY. Zika fever and congenital Zika syndrome: An unexpected emerging arboviral disease. J Infect
2016; 72(5): 507-24.

28. de Paula Freitas B, de Oliveira Dias JR, Prazeres J, et al. Ocular Findings in Infants With Microcephaly Associated With Presumed Zika Virus
Congenital Infection in Salvador, Brazil. JAMA Ophthalmol 2016.

29. Britt W. Controversies in the natural history of congenital human cytomegalovirus infection: the paradox of infection and disease in offspring of
women with immunity prior to pregnancy. Med Microbiol Immunol 2015; 204(3): 263-71.

30. Griffiths P, Lumley S. Cytomegalovirus. Curr Opin Infect Dis 2014; 27(6): 554-9.

31. Ivarsson SA, Lernmark B, Svanberg L. Ten-year clinical, developmental, and intellectual follow-up of children with congenital cytomegalovirus
infection without neurologic symptoms at one year of age. Pediatrics 1997; 99(6): 800-3.

32. Berrebi A, Assouline C, Bessieres MH, et al. Long-term outcome of children with congenital toxoplasmosis. American journal of obstetrics and
gynecology 2010; 203(6): 552 el-6.

33. Cortina-Borja M, Tan HK, Wallon M, et al. Prenatal treatment for serious neurological sequelae of congenital toxoplasmosis: an observational
prospective cohort study. PLoS Med 2010; 7(10).



34. World Health Organization. Screening, assessment and management of neonates and infants with complications associated with Zika virus exposure
in utero. Rapid Advice Guideline, 2016.

35. Westerberg BD, Atashband S, Kozak FK. A systematic review of the incidence of sensorineural hearing loss in neonates exposed to Herpes simplex
virus (HSV). Int J Pediatr Otorhinolaryngol 2008; 72(7): 931-7.

36. Leal MC, Muniz LF, Ferreira TS, et al. Hearing Loss in Infants with Microcephaly and Evidence of Congenital Zika Virus Infection - Brazil,
November 2015-May 2016. MMWR Morb Mortal Wkly Rep 2016; 65(34): 917-9.

37. Besnard M, Eyrolle-Guignot D, Guillemette-Artur P, et al. Congenital cerebral malformations and dysfunction in fetuses and newborns following the
2013 to 2014 Zika virus epidemic in French Polynesia. Euro Surveill 2016; 21(13).

38. van der Eijk AA, van Genderen PJ, Verdijk RM, et al. Miscarriage Associated with Zika Virus Infection. N Engl J Med 2016; 375(10): 1002-4.

39. Martines RB, Bhatnagar J, Keating MK, et al. Notes from the Field: Evidence of Zika Virus Infection in Brain and Placental Tissues from Two
Congenitally Infected Newborns and Two Fetal Losses--Brazil, 2015. MMWR Morb Mortal Wkly Rep 2016; 65(6): 159-60.



