
The	
  relevance	
  of	
  Ignaz	
  
Semmelweis	
  



•  Between	
  2006	
  and	
  2011	
  New	
  York	
  City	
  Health	
  
department	
  was	
  noCfied	
  of	
  11	
  cases	
  of	
  genital	
  
herpes	
  infecCon	
  in	
  new-­‐born	
  boys.	
  

•  5	
  of	
  the	
  boys	
  went	
  on	
  to	
  develop	
  CNS	
  herpes	
  
encephaliCs	
  

•  All	
  5	
  severely	
  neurologically	
  impaired	
  at	
  
follow-­‐up	
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Direct Orogenital Suction Performed as Part of Ritual Jewish Circumcision  
is a Risk Factor for Neonatal Herpes Simplex Virus Type 1 Infection, New York City, 2000-2011 
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� During a ritual Jewish circumcision practice known as metzitzah 
b‘peh, the ritual circumciser (mohel) places his mouth directly on the 
newly circumcised penis to suck blood away from the circumcision 
wound with his mouth (direct orogenital suction, DOS). 

� There have been several published reports of herpes simplex 
virus type 1 (HSV-1) infection in male infants following DOS.1,2,3  

� There are numerous reports of infants with tuberculosis of the 
penis following DOS (late 19th, through mid 20th century).4,5 

� In November 2004, the New York City (NYC) Department of 
Health and Mental Hygiene (DOHMH) was notified of twin male 
infants who developed disseminated HSV-1 infection following DOS; 
one died (Table 1, cases 3 and 4).  

� An infectious disease physician who heard of the cases recalled 
another case of HSV-1 following DOS from the previous year (Table 
1, case 2). Upon investigation, the NYC DOHMH learned that the 
same mohel had performed all three circumcisions. 

� In April 2006, neonatal herpes was made reportable in NYC.   

� NYC DOHMH has received multiple complaints from parents 
who did not know in advance circumcision would include DOS. 

 

Investigation of reports 

� Direct orogenital suction could not be confirmed for all the 
cases (after 2006, most parents would not answer specific 
questions concerning circumcision). 

� The assumptions used to estimate number of infants 
undergoing circumcision with DOS may not be valid; size of 
exposed population may be larger or smaller than estimated.  

– Cases not limited to ultra-Orthodox community, so exposed 
population may be underestimated. 

– If exposed population is smaller than estimated, the risk for 
neonatal herpes associated with DOS may be greater than 
was calculated 

 

Our findings are consistent with a causal relationship between 
ritual Jewish circumcision with DOS and neonatal herpes.  

� Cluster of 3 cases linked to a single mohel 
– Transmission from mothers and health care workers was largely excluded 

– Mother of case 2 was HSV-1 seronegative 

– Twin cases 3 and 4 born by cesarean section 

– Neonatal herpes is rare; improbable a single mohel associated with 3 cases 

� Distribution of lesions, viral type, timing of infection consistent  
– Cases had herpes lesions on the genitals, consistent with inoculation at the 

genitals; extragenital lesions appeared on related dermatomes 

– Viral type (HSV-1) causing infection is commonly found in the mouth of 
adults and causes genital infection; oral sex is a risk factor for genital HSV-1 

– Timing of the lesions is consistent with acquisition at circumcision 

� Geographic distribution and sibling pair also suggest association 
– All 4  DOS cases with HSV-1 after April   2006 from a single zip code; no 

female cases during same time period in larger, or adjoining neighborhoods.  

– Sibling cases 3 years apart circumcised by same mohel; no other sibling cases  

� Elevated measure of association: relative risk estimated at 3.4 
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Results 
 TABLE 1. Reported cases of neonatal herpes simplex virus infection type 1 (HSV-1) or untyped 

HSV infection among male infants following ritual Jewish circumcision with confirmed or 
probable direct orogenital suction – New York City, 2000-2011  

 

 FIGURE. Number of days between Jewish ritual circumcision and appearance of herpes lesions, 
among male infants with neonatal herpes following Jewish ritual circumcision with confirmed or 
probable orogenital suction – New York City,  2000-2011 

 MAP.  HSV-1 and untyped neonatal HSV infection among male and female 
infants, by zip code of residence, April 2006-December 2012, New York City 

 

Additional findings 

� Case 2 – mother was HSV antibody negative. Cases 3 and 4 - born by cesarean section with rupture 
of membranes at time of delivery; mother was HSV-1 antibody positive at 4 weeks after infants’ 
illness onset.   

� Investigation of staff at delivery hospitals for cases 2, 3 and 4 revealed no HSV illness. Infection 
control policies and practices were adequate to prevent nosocomial HSV transmission.  Among 
cases with extra-genital lesions, lesions appeared on dermatomes related to genitals. 

� HSV-1 antibody status could be determined for only one mohel (obtained by court order from 
Mohel A, who was linked to 3 cases).  Serial HSV swabbing of the oral cavity could not be performed 
for any mohel. 

Findings from population-based surveillance  for neonatal herpes 

� During April 2006 -December 2011, there were 84 laboratory-confirmed cases of neonatal herpes 
reported.; 45 males (HSV-1: 22 cases; HSV-2: 15 cases; untyped HSV: 8 cases), and 39 females (HSV-1: 
15 cases; HSV-2: 18 cases; untyped HSV: 6 cases).  Only one pair of sibling cases:  cases 8 and 10. 

 
 

Case 
no. 

 
 
 

Patient 

 
 
 

Year 

 
 

Admitting 
Hospital 

 
Genital/
perineal 
lesions 

 
 

HSV 
type 

 
 
 

Died? 

 
 

Clinical 
syndrome 

Direct 
orogenital 

suction 
status* 

 
 
 

Mohel 

1 2000 Hospital  A Yes Untyped No SEM Probable Unknown 

2 2003 Hospital  B Yes HSV-1 No SEM Confirmed Mohel A¶ 

3 Twin A 2004 Hospital  C Yes HSV-1 Yes Disseminated Confirmed Mohel A 

4 Twin B 2004 Hospital  C Yes HSV-1 No Disseminated Confirmed Mohel A 

5 2005 None, 
treated as 
outpatient 

Yes HSV-1 No SEM Confirmed Mohel B 

6 2005 Hospital  C Yes HSV-1 No CNS Probable Unknown 

7 2006 Hospital  D Yes Untyped No SEM Confirmed Mohel C 

8 Sibling Aǂ 2008 Hospital  C Yes HSV-1 No CNS Probable Mohel X 

9 2008 Hospital  C 
 

Yes HSV-1 No SEM Confirmed Unknown 

10 Sibling Bǂ 2011 Hospital  C Yes HSV-1 No SEM Probable Mohel X 

11 2011 Hospital  C Yes HSV-1 Yes Disseminated Probable Unknown 

Abbreviations: SEM = skin, eye, mouth; CNS = central nervous system. 
*Confirmed cases = parents reported that direct orogenital suction occurred; probable cases = parents would not directly answer 
questions about whether direct orogenital suction occurred, but usually stated that all male infants in their community would be 
expected to have had direct orogenital suction. In one case, parents not available; physician reported that it was reasonable to expect 
direct orogenital suction would have occurred. 
ǂBrothers born 3 years apart and circumcised by the same mohel, whom the parents declined to identify. 
¶Mohel A was HSV-1 antibody positive. Polymerase chain reaction testing for HSV was performed on swabs from the mouth on one 
occasion were negative. 

C
as

es
 

Age (days) 

� NYC DOHMH investigated reports of neonatal herpes following 
DOS made to the Department before 2006, including a 2000 case 
identified through retrospective review of infants with admissions to 
NYC hospitals with ICD codes for herpes (ICD 0.54 series).  

� Investigations of cases of neonatal herpes following DOS 
included: interviews with parents and other caretakers, review of 
infant outpatient and inpatient medical records, maternal prenatal 
and labor and delivery records,  and infection control policy and 
procedures at delivery hospitals.  In each case, attempts were made to 
identify the mohel who performed the circumcision. 

 

� Since April 2006, NYC Health Code requires laboratories to report 
positive HSV tests from infants <60 days, and health care providers to 
report infants <60 days of age diagnosed with HSV infection. 

� All laboratory- or provider-reported cases are investigated;  for 
cases of laboratory-confirmed HSV-1 or untyped HSV infection in male 
infants, investigation includes efforts to determine whether ritual 
circumcision was performed and involved DOS. 

� DOS case definitions 
Confirmed: parents confirmed DOS was performed 

Probable: evidence suggests herpes introduced at genitals by DOS 

 

� Incidence of HSV-1 or untyped HSV infection among male infants 
without confirmed or probable DOS compared to incidence among 
those with DOS (See footnotes under Table 2 for data sources, assumptions). 

 

 

Routine surveillance for neonatal herpes in NYC 

 

Estimate of relative risk 

1 case
2 cases

4 cases

Male HSV-1 and untyped HSV cases per zip code

1 case

2 cases

Female HSV-1 and untyped cases per zip code

All 4 male cases  were HSV-1; 
all had confirmed / probable 
DOS. No female cases in this 
zip code or surrounding 
neighborhoods. 

 TABLE 2.  Number of reported cases of laboratory-confirmed 
neonatal herpes simplex virus type 1 (HSV-1) or untyped HSV 
infection among male infants aged <60 days, by exposure status – 
New York City, April 2006-December 2011. 

 

Data sources: *NYC DOHMH neonatal herpes surveillance data 
ǂ(1)New York State Education Department, Information and Reporting Services. Basic 
Educational Data System. Albany, NY: New York State Education Department; 2012. Available 
At http://www.p12.nysed.gov/irs/beds. 
(2) Population of male infants who potentially had direct orogenital suction derived from: Schick M. A census of Jewish day  
schools in the United States, 2008-2009. New York, NY: The Avi Chai Foundation; 2009. Available at  
http://avichai.org/wp-content/uploads/2010/06/Census-of-JDS-in-the-US-2008-09-Final.pdf 
(3) Proportion of Jewish Day Schools male population potentially exposed to direct orogenital suction ; personal communication,  
David Zweibel, Agudath Israel of America, March 4, 2005 



What	
  else	
  do	
  you	
  want	
  to	
  know?	
  



•  All	
  HSV-­‐1	
  infecCons	
  
•  6	
  out	
  of	
  11	
  delivered	
  by	
  Caesarian	
  secCon	
  
•  In	
  the	
  5	
  delivered	
  vaginally,	
  4	
  of	
  the	
  mothers	
  
were	
  negaCve	
  for	
  HSV-­‐1	
  or	
  HSV-­‐2	
  

•  Lesions	
  appeared	
  between	
  day	
  15	
  and	
  day	
  29	
  
of	
  life	
  



•  Why	
  is	
  this	
  occurring	
  only	
  in	
  boys?	
  
•  Why	
  are	
  they	
  all	
  HSV-­‐1?	
  
•  Why	
  are	
  they	
  occurring	
  in	
  HSV	
  negaCve	
  
mothers?	
  

•  Why	
  are	
  they	
  presenCng	
  with	
  genital	
  herpes?	
  
•  Why	
  are	
  the	
  cases	
  apparently	
  clustering?	
  



•  What	
  is	
  the	
  mechanism?	
  



Metzitzah	
  	
  

•  According	
  to	
  Biblical	
  Law,	
  a	
  male	
  infant	
  should	
  
be	
  circumcised	
  at	
  the	
  age	
  of	
  8	
  days	
  (Genesis	
  
17:10-­‐14;	
  LeviCcus	
  12:3)	
  

•  The	
  Babylonian	
  Talmud	
  states	
  that	
  for	
  the	
  
sake	
  of	
  the	
  infant	
  the	
  mohel	
  is	
  obliged	
  to	
  
perform	
  the	
  metzitzah	
  “so	
  as	
  not	
  to	
  bring	
  on	
  
risk”.	
  

•  Metzitzah	
  =	
  direct	
  orogenital	
  sucCon	
  (DOS)	
  



Has	
  this	
  been	
  described	
  before?	
  

Neonatal Genital Herpes Simplex Virus Type 1 Infection After Jewish
Ritual Circumcision: Modern Medicine and Religious Tradition

Benjamin Gesundheit, MD*; Galia Grisaru-Soen, MD‡; David Greenberg, MD§; Osnat Levtzion-Korach, MD!;
David Malkin, MD¶; Martin Petric, PhD#; Gideon Koren, MD**; Moshe D. Tendler, PhD‡‡;

Bruria Ben-Zeev, MD‡; Amir Vardi, MD‡; Ron Dagan, MD§; and Dan Engelhard, MD!

ABSTRACT. Objective. Genital neonatal herpes sim-
plex virus type 1 (HSV-1) infection was observed in a
series of neonates after traditional Jewish ritual circum-
cision. The objective of this study was to describe neo-
nate genital HSV-1 infection after ritual circumcision and
investigate the association between genital HSV-1 after
circumcision and the practice of the traditional circumci-
sion.

Methods. Eight neonates with genital HSV-1 infec-
tion after ritual circumcision were identified.

Results. The average interval from circumcision to
clinical manifestations was 7.25 ! 2.5 days. In all cases,
the traditional circumciser (the mohel) had performed the
ancient custom of orally suctioning the blood after cut-
ting the foreskin (oral metzitzah), which is currently
practiced by only a minority of mohels. Six infants re-
ceived intravenous acyclovir therapy. Four infants had
recurrent episodes of genital HSV infection, and 1 devel-
oped HSV encephalitis with neurologic sequelae. All
four mohels tested for HSV antibodies were seropositive.

Conclusion. Ritual Jewish circumcision that includes
metzitzah with direct oral–genital contact carries a seri-
ous risk for transmission of HSV from mohels to neo-
nates, which can be complicated by protracted or severe
infection. Oral metzitzah after ritual circumcision may be
hazardous to the neonate. Pediatrics 2004;114:e259–e263.
URL: http://www.pediatrics.org/cgi/content/full/114/
2/e259; ritual circumcision, herpes simplex infection, infec-
tion of the newborn, Jewish tradition.

ABBREVIATIONS. HSV, herpes simplex virus.

Biblical sources dictate routine ritual circumci-
sion at 8 days of age for Jewish boys. This
procedure is widely accepted, and 60% to 90%

of newborn boys of the Jewish population in the
United States undergo this procedure,1,2 which also
has an important cultural and historical role. The
medically beneficial versus harmful consequences
have long been debated.3 Circumcision has been re-
ported to reduce the incidence of urinary tract in-
fections in infants,4 young boys under the age of 2
years,5 and preschool boys.6 Pathologic phimosis
and paraphimosis is precluded by the absence of a
foreskin, and balanitis and posthitis (inflammation of
the prepuce) primarily affect uncircumcised male
individuals. Virtually all sexually transmitted diseas-
es,7 including human immunodeficiency virus infec-
tion,6,8 are reported to be more common in uncir-
cumcised men.

Both immediate and long-term complications of
ritual circumcision are rare, probably because of the
specific and meticulous precautions required by Jew-
ish law. Only an experienced and qualified circum-
ciser, the mohel, is allowed to perform circumcision.
Historically, Jewish ritual circumcision consists of 3
parts: 1) the excision of the outer part of the prepuce
(milah), 2) slitting of the foreskin’s inner lining to
facilitate the total uncovering of the glans (peri’ah),
and 3) the sucking of the blood from the wound.
Formerly, the mohel took some wine in his mouth and
applied his lips to the part involved in the operation
and exerted suction, after which he expelled the mix-
ture of wine and blood into a receptacle provided for
this purpose; this procedure was repeated several
times until bleeding stopped (metzitzah). The first 2
parts are the act of circumcision, whereas the re-
moval of the blood was done for medical reasons of
wound care. However, the ancient procedure of
metzitzah also carries a risk of infection, and currently
most mohels use an appropriate suction device, such
as a mucus extractor.

The incidence of neonatal herpes simplex virus
(HSV) infections ranges from 1 to 6 per 20 000 live
births. Most neonatal HSV infections result from ex-
posure to infectious maternal genital secretions at
delivery. Postnatal transmission usually results from
nongenital infection of a caregiver, including parent
or nursery personnel with oral lesions.9 Nosocomial
transmission in nurseries has been documented.9 We
present 8 infants who developed neonatal HSV-1
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•  Do	
  you	
  know	
  of	
  any	
  other	
  diseases	
  spread	
  by	
  
this	
  mechanism?	
  

•  Tuberculosis	
  
•  Ignaz	
  Semmelweis	
  observed	
  this	
  and	
  advised	
  
against	
  the	
  pracCce	
  of	
  metzitzah	
  



Ignaz	
  Semmelweis	
  

•  Who	
  was	
  he?	
  
•  Hungarian	
  physician,	
  b	
  
July	
  1818,	
  d.	
  Aug	
  1865	
  

•  Described	
  as	
  “the	
  
saviour	
  of	
  mothers”.	
  
Famous	
  as	
  an	
  early	
  
pioneer	
  of	
  anCsepCc	
  
procedures.	
  	
  





The	
  “Semmelweis	
  Reflex”	
  

•  Reflex	
  rejecCon	
  of	
  new	
  knowledge	
  because	
  it	
  
contradicts	
  entrenched	
  norms,	
  beliefs	
  or	
  
paradigms.	
  



Neonatal	
  HSV	
  infecCon	
  

•  HSV	
  infecCon	
  in	
  neonatal	
  period	
  
•  5%	
  acquired	
  in	
  utero	
  
•  85%	
  acquired	
  during	
  delivery	
  
•  10%	
  acquired	
  post-­‐natally	
  via	
  direct	
  
transmission	
  from	
  adults	
  



In	
  utero	
  HSV	
  infecCon	
  

•  Microcephaly	
  
•  Cataracts	
  
•  Intracranial	
  calcificaCon	
  
•  IUGR	
  
•  Vesicular	
  rash	
  

A skin biopsy of a vesicle demonstrated a necrotic
epidermis with intraepidermal acantholysis, multi-
nucleated keratinocytes, intranuclear inclusions, and
positive immunoperoxidase staining consistent
with herpetic cytopathic changes (Fig 3). Direct
immunofluorescence evaluation of perilesional
skin was negative for immunoglobulins G, A, and
M, C3, C4, and fibrinogen.

The infant was treated with 14 days of high-dose
intravenous acyclovir (60 mg/kg/day) and was dis-
charged home at 3 weeks of age. At 5 weeks of age, a
lumbar puncture was repeated and CSF submitted
for HSV tested positive on PCR. She was rehospital-
ized and administered an additional 21 days of
high-dose intravenous acyclovir. Oral acyclovir
(80 mg/kg/day) was continued for suppression of
reactivation disease.

Magnetic resonance imaging scans obtained at
1 month of age revealed hypoplasia of the left cere-
bellar hemisphere and Wallerian degeneration attrib-
uted to an in utero vascular event. Ophthalmologic
examination and a hearing screen were normal. She
subsequently had at least two recurrences of cutane-
ous vesicles (the mother was noncompliant with the
suppression regimen). She developed neurologic
sequelae including vertical andhorizontal nystagmus,
left spastic hemiparesis, and generalized develop-
mental delay.

CASE 2
An infant was born with extensive skin lesions at

28 weeks’ gestational age to an 18-year-old mother
by spontaneous vaginal delivery. The mother had no

history of genital HSV and prenatal serologic screen-
ing for HSV was not performed. The mother had no
genital lesions at delivery, and viral cultures were not
collected either pre- or postnatally.

At delivery, the baby was in significant respiratory
distress, and required intubation. He was started
empirically on intravenous acyclovir, ampicillin,
gentamicin, and oxacillin. The CBC showed a WBC
of 20,000/mm3 with 18% neutrophils, 19% bands,
and 45% lymphocytes. Blood culture was negative,
and LFTs were normal. He was transferred to the
neonatal intensive care unit (NICU), and the pediat-
ric dermatology service was consulted.

The physical examination revealed large, pink,
polycyclic patches with erosions on the head and
neck, trunk, inguinal and perianal regions, and
proximal extremities (Fig 4). There were no nail or
hair abnormalities. The palms and soles were spared.
The Nikolsky sign was negative.

A skin biopsy revealed ballooned and multinucle-
ated giant keratinocytes within a necrotic epidermis,
consistentwithHSV infection. Specimens obtained for

Fig 1. Pink patches with erosions.

Fig 2. Pink patches, erosions, and grouped vesicles on an
erythematous base.

Fig 3. Necrotic epidermis with intraepidermal acantholy-
sis, multinucleated keratinocytes, and intranuclear inclu-
sions. (Hematoxylineeosin stain; original magnification:
340.)
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Neonatal	
  HSV	
  infecCon	
  

•  3	
  categories	
  
– Skin,	
  eye	
  and	
  mouth	
  disease	
  (43%)	
  
– Disseminated	
  disease	
  (23%)	
  
– EncephaliCs	
  (34%)	
  



Neonatal	
  HSV	
  encephaliCs	
  

•  Usual	
  presents	
  with	
  non-­‐specific	
  features	
  
during	
  second	
  or	
  third	
  week	
  of	
  life	
  e.g.	
  poor	
  
oral	
  intake,	
  behavioural	
  change,	
  fever	
  

•  Progresses	
  to:	
  
– Focal	
  or	
  generalised	
  seizures	
  
– Apnoea	
  
– Lethargy	
  
– coma	
  



Neonatal	
  HSV	
  encepahaliCs	
  

•  In	
  1/3	
  of	
  cases	
  –	
  HSV	
  confined	
  solely	
  to	
  CNS	
  
•  Mechanism	
  of	
  virus	
  entering	
  CNS	
  via	
  
haematogenous	
  spread	
  from	
  acute	
  infecCon	
  	
  



Diagnosis	
  

•  Clinical	
  history	
  and	
  presentaCon	
  
•  IsolaCon	
  of	
  virus	
  from	
  skin	
  or	
  mucous	
  membrane	
  
lesions	
  

•  CSF	
  
–  Raised	
  protein	
  
–  LymphocyCc	
  pleocytosis	
  
– DetecCon	
  of	
  HSV	
  DNA	
  by	
  PCR	
  

•  EEG	
  
–  Slow	
  background	
  with	
  paroxysmal	
  discharges	
  that	
  
may	
  be	
  periodic	
  

	
  



Neuroimaging	
  

territories (Fig. 1A and B). In 7 patients, we confirmed
consecutive changes of lesions extending from the cortex
into the subcortical white matter (Fig. 2A and B). Such
changes were found in 1 patient (#1) at 648 h, 3 patients
(#3, 4, 7) 67 d, 1 patient (#2) at 628 d, and 2 patients
(#11 and 13) during 3–28 d. The cortical lesions + sub-
cortical white matter lesions were also distributed asym-
metrically in most patients. Exceptional findings were
observed in 2 patients and consisted of symmetrical, dif-
fuse cortical and white matter lesions. The lesions were
distributed in the regions of the posterior middle cere-
bral arteries on 2 scans (#8), and in the parasagittal area
on 2 scans (#10). The signal intensities and the margins
of the superficial cerebral lesions at 67 d became fainter
and blurred during 8–28 d. Finally, the incidences of
cortical or cortical + subcortical lesions were signifi-
cantly correlated with the time point of DWI scans
(p < 0.01).

Table 2 presents the distributions of DWI lesions at
67 d. Eleven patients (#1–8, 10, 12, and 13) showed
bilateral superficial cerebral lesions. Two patients (#9
and 11) showed unilateral superficial cerebral lesions.
Six patients (#2, 5, 6, 9, 11, and 13) showed cortical
lesions at 67 d. Seven patients (#1, 3, 4, 7, 8, 10, and
12) showed cortical lesions + subcortical white matter
lesions. The distributions of superficial cerebral lesions
(unilateral or bilateral) did not correlate with outcomes
of gross motor function or DQ/IQ scores.

3.3.2. Deep cerebral lesions
Deep cerebral lesions were found on 8 scans (89%) of

6 patients (#1–4, 6, and 7) at 648 h, in 8 scans (73%) of

6 patients (#3, 4, 7, 8, 10, and 12) during 3–7 d, and on 5
scans (45%) of 5 patients (#1, 2, 7, 10, and 12) during
8–28 d. All deep cerebral lesions coincided with the
superficial cerebral lesions. Within 48 h of onset, the
deep cerebral lesions distributed over 0–4 locations.
The lesions were distributed unilaterally on 3 scans
(33%) of 3 patients (#2–4) and bilaterally on 5 scans
(56%) in 3 patients (#1, 6, and 7). During 3–7 d of onset,
the deep cerebral lesions were distributed over 0–4 loca-
tions during 3–7 d. The lesions were distributed unilater-
ally on 2 scans (18%) of 2 patients (#3 and 4) and
bilaterally on 6 scans (55%) of 4 patients (#7, 8, 10,
and 12). The deep cerebral lesions in the internal cap-
sules were found on 7 scans at 648 h, 8 scans during
3–7 d, and 5 scans during 8–28 d. Lesions in the thala-
mus were found on 6 scans at 648 h, 5 scans during
3–7 d, and in 5 scans during 8–28 d. Lesions in the puta-
men were found on 1 scan 648 h, 1 scan during 3–7 d,
and were not found during 8–28 d.

Seven (#1, 2, 6–8, 10, and 12) patients showed bilat-
eral deep cerebral lesions (Table 2). Two (#3 and 4)
patients showed unilateral deep cerebral lesions. Four
patients (#5, 9, 11, and 13) showed no deep cerebral
lesions. All the patients with severely delayed outcomes
of gross motor function and DQ/IQ scores displayed the
bilateral deep cerebral lesions. The distributions of deep
cerebral lesions (none, unilateral, bilateral) at 67 d were
significantly correlated with poor outcomes of gross
motor function (p < 0.01) and DQ/IQ scores (p < 0.01;
Supplementary Figure). In this study, we found no
patients with DWI lesions in either the brainstem or
cerebellum.

Fig. 2. Diffusion-weighted imaging (A and B) and T1-weighted imaging (C) in patient #1. (A) Cortical lesion in the right front temporal lobe, 17 h
after onset; (B) extending to the subcortical white matter in the same area at 40 h after onset; (C) the lesion evolved into areas of encephalomalacia by
day 14. The distribution of high-signal lesions on (A) and (B) corresponded to the low diffusion area in apparent diffusion coefficient maps (ADC)
((D) and (E), respectively).
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Treatment	
  

•  SupporCve	
  care	
  
•  Acyclovir	
  20	
  mg/kg	
  Q8h	
  for	
  21	
  days	
  



Outcome	
  

•  10%	
  mortality	
  
•  40%	
  of	
  surviving	
  infants	
  will	
  have	
  severe	
  
neurological	
  sequelae	
  despite	
  acyclovir	
  
therapy	
  

•  Fewer	
  than	
  40%	
  will	
  recover	
  to	
  baseline	
  
•  Permanent	
  pseudobulbar	
  palsy	
  with	
  muCsm	
  
and	
  feeding	
  difficulCes	
  has	
  been	
  described.	
  


