Herpes Simplex Virus disease in infants younger than 90 days:
A British Paediatric Surveillance Unit Study
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Abstract
Objective: Estimate the incidence of herpes simplex virus (HSV) infections in infants under 90 days in the UK and Ireland and describe clinical presentation and outcomes. 
Design: Prospective population-based national surveillance study of infants < 90 days with HSV infection, using British Paediatric Surveillance Unit (BPSU) methodology (August 2019 – February 2022). 
Results: 117 infants with confirmed HSV infection were identified (6.0 cases/100 000 live-births [95%CI 4.9, 7.2]). One third (34.5%) of infants were premature (< 37 weeks) and the majority (81.4%) were born to women without a known/disclosed history of genital herpes. Neonatal HSV was classified as disseminated (32.5%), Central Nervous System (CNS) (35%) or skin/eye/mouth (SEM) (32.5%) disease. Median age at symptom onset was 8 days (IQR 5-13) in all infants (D8 SEM, D14 CNS, D6 disseminated). 56.7% of infants commenced aciclovir >24 hours after symptom onset. Infants with disseminated infections presented with non-specific signs of sepsis: 65.8% were afebrile and 73.7% had no SEM lesions. Median CRP at presentation was 4 mg/L (IQR 1-14).  Overall mortality was 23.9% but 65.8% in infants with disseminated disease. Of the 41 infants with follow-up data at 24 months, 29.3% had neurodevelopmental impairment (11.8% SEM, 45% CNS, 25% disseminated).  
Conclusions: Infants with neonatal HSV can present without fever, SEM lesions or elevated infection markers; treatment delay is subsequently common. Outcomes remain poor with high case-fatality rates and long-term morbidity. Clinicians should have a low threshold for empirically testing for and treating herpes in unwell neonates.




WHAT IS ALREADY KNOWN ON THIS TOPIC
Neonatal herpes simplex virus infections are rare but can be extremely serious, leading to significant morbidity and mortality. 
WHAT THIS STUDY ADDS
The clinician reported incidence of neonatal herpes infections in the UK and Ireland has increased from 1.65 cases per 100,000 live births between 1986-1991 to at least 6.0 cases per 100,000 live births in 2019-2022.  National laboratory data suggests the true incidence may be even higher at 13.7 cases per 100,000 live births between 2019-2022. 
Mortality in neonates with herpes remains high despite treatment with aciclovir and is associated with prematurity, disseminated disease and virus type (HSV2).
 Over a quarter of surviving infants with neonatal herpes are diagnosed with neurodevelopmental impairment by 2 years of age. 
HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY
Health care professionals should have a low threshold for testing for HSV in neonates and be aware that infants are often afebrile, without raised infection markers at initial presentation and born to women without a known history of genital herpes.  Infants with Central Nervous System and disseminated disease commonly present without herpes skin, eye and mouth lesions. 
Clinicians should consider following up infants with neonatal herpes for a minimum of two years after birth to monitor for neurodevelopmental sequelae.  





Introduction
Neonatal herpes is a rare but devastating condition which can lead to significant morbidity and death [1, 2]. Over the last 20 years, countries across Europe have reported a rise in neonatal herpes infections [3-5]. The incidence of neonatal herpes infections increased from 1.65/100,000 live births in the first British Paediatric Surveillance Unit study (BPSU)(1986-1991) to 3.58/100,000 in the second (2004-2006)[6, 7]. In 2014, a study in Nottingham, UK, used local cases to estimate a regional incidence of 17.5/100,000, however the current national incidence of neonatal herpes in the UK remains to be determined [8].
Neonatal herpes infections can be limited to the skin, eyes and mouth (SEM), spread to the central nervous system (CNS) or be disseminated, affecting multiple organs. Infants with SEM disease have lower case-fatality rates (0-6.7%) than CNS (0-23%), or disseminated disease (27.2-70%) [3, 9-13]. Early treatment with aciclovir improves survival [14]. However, non-specific CNS and disseminated disease presentations can make early diagnosis difficult, subsequently, over half of infants with neonatal herpes lack timely investigations or treatment [15, 16]. 
The major source of herpes simplex virus (HSV) infection in neonates is maternal genital herpes; 85% of transmission occurs perinatally, 5% in utero across the placenta, and 10% in the postnatal period [17]. Infants at greatest risk of adverse outcomes are those born to women with primary herpes  in the last trimester [18, 19]. Prophylactic antenatal treatment with aciclovir can reduce genital herpes viral shedding; however herpes identification and treatment during pregnancy can be challenging [20].
The optimal management of infants with herpes infection is early recognition and treatment with aciclovir. However, as virological diagnoses take time, there is a need for better understanding of the clinical presentation of these infants and criteria for the use of empiric aciclovir in unwell, high-risk infants. A recent UK-wide review identified that only 8.4% of local paediatric guidelines mention herpes in the context of neonatal sepsis [21] .  
Neonatal herpes is, therefore, difficult to identify, difficult to prevent and often not considered in the differential diagnosis, with serious consequences. It is essential that the incidence, presentation and outcomes of neonatal herpes infections in the UK are evaluated, to raise awareness and guide development of national protocols on neonatal sepsis and herpes in pregnancy. This study therefore aimed to estimate the incidence of neonatal herpes infections in the UK and Ireland, and describe presentation, mortality and morbidity outcomes in infants with neonatal herpes. 

Methods
Study Design
A national prospective population-based surveillance study of HSV infections in infants under 90 days in the UK and Ireland was conducted by the BPSU between August 2019–February 2022. 

Data Collection
All consultants and neonatologists in the UK and Ireland were contacted monthly by email by the BPSU and asked to notify cases of HSV in infants<90 days (22). A questionnaire requesting further clinical information was requested from reporting clinicians.  The initial questionnaire included infant and maternal characteristics, transmission data, symptoms, investigations and outcomes. A follow-up questionnaire was sent to all clinicians responsible for included cases at 12 and 24 months and included items on neurodevelopment, visual impairment, epilepsy and recurrences. 
Case definition
Case definitions are described in Supplemental Table 1. Cases were classified as SEM, CNS or disseminated disease by the reporting clinician and classifications were confirmed independently by two research clinicians (JD/KF or GY/KF) Discrepancies were recoded by consensus opinion using criteria in Supplementary Table 1.

Secondary data sources
Diagnostic laboratories in England routinely report all positive pathogens electronically to the United Kingdom Health and Security Agency (UKHSA). Data from the UKHSA were used to describe trends in herpes-positive laboratory samples in infants under 90 days of age in England 2012-2022. Laboratory samples identified by UKHSA have no clinical information.  
Data Analysis
The incidence of neonatal herpes was calculated using annual live-birth rates from the Office of National Statistics (England and Wales), National Records of Scotland, Northern Ireland Statistics and Research Agency and the Republic of Ireland Central Statistics Office. BPSU incidence rates were calculated as the number of BPSU reported cases over the number of live births in England, Wales, Scotland and Ireland over the study period.  UKHSA England incidence rates were calculated as the yearly number of infants aged <90 days with herpes positive laboratory samples over the number of live-births in England annually 2012-2022. 
Statistics
Statistical analysis was conducted using SPSS v28.0. Descriptive statistics were used to summarise characteristics. Categorical variables are presented as numbers and percentages. Normally distributed continuous variables are presented with the mean and standard deviation (SD), with median and interquartile range (IQR) used for skewed continuous variables. Univariate analyses were conducted using Chi2 and Fishers exact test for categorical variables and t-tests or Mann-Whitney-U for continuous variables. Multivariate logistic regression models were used to evaluate the effect of disease factors on infant mortality.   

Results  
During the 31-month surveillance period, 241 case reports of HSV disease in infants aged<90 days were received by the BPSU. Duplicate cases (n=61), reporting/laboratory errors (n=18) and cases without clinical information (n= 45) were excluded. 117 confirmed cases of HSV disease in infants were ultimately included (Figure 1). Cases were from England (n=93, 79.5%), Wales (n =8, 6.8%), Scotland (n=9, 7.7%) Northern Ireland (n=4, 3.4%) and Republic of Ireland (ROI) (n= 3, 2.6%).  45 cases had 1-year and 41 cases had 2-year follow-up information (Figure 1). 

HSV incidence
Based on 2019-2021 UK and Ireland birth rates, the incidence of neonatal herpes reported to the BPSU was 6.0 per 100,000 live births [95%CI 4.9, 7.2]. Electronic reporting data from UKHSA on laboratory-confirmed HSV infections in infants aged <90 days in England found an annual incidence of 7.6 to 19.9 cases per 100,000 live births during 2012-2022, with 246 cases reported to the UKHSA during 2019-2021, providing an average incidence of 13.7/100,00 births [95% CI: 12.8, 14.9] over the BPSU surveillance period (Figure 2).  
Infant and maternal characteristics  
Of the 117 infants reported to the BPSU, a third were categorized as SEM infection (n=38, 32.5%), CNS infection (41/117, 35.0%) and disseminated disease (38/117, 32.5%). One third (34.5%) of infants were premature (case definitions in Supplementary Table 1). Over half of infants (64/115, 55.7%) were born unassisted, (36/115, 31.3%) by Caesarean and 13.0% (15/115) instrumental. Rupture of membranes was reported in 82.9% of deliveries, 7/8 infants born by caesarean section with intact membranes had disseminated or CNS disease. Mean maternal age at delivery was 27 years (Table 1). Mother was identified as the source in 40 (34.2%) of cases, of whom 12/40 (30%) had a history of HSV. Grandparents or religious figure were the recorded source in 4 (3.4%) patients, HSV source was unknown in 73(62%) cases (Table 1).
Clinical presentation
Median age at symptom onset in all infants was 8 days (IQR 5-13); 8 days (IQR 4-11) in SEM, 14 days (IQR 7-19) in CNS and 6 days (IQR 5-8) in disseminated disease. 95.7% of infants had symptom onset < 1 month of age, 77.4% < 2 weeks. Almost all infants with SEM infections presented with skin, eye and mouth lesions (n=35/38, 92.1%),  three infants (3/38, n=7.9%) presented symptomatic of infection (e.g. respiratory distress) with HSV on surface swabs but without visible lesions or evidence of CNS/disseminated infection. Under half of CNS infections presented with seizures (n= 18/41, 43.9%). Disseminated disease presented as sepsis (n=30/38, 78.9%), jaundice/hepatitis (n=20/38, 52.6%) or respiratory distress (n=19/38, 50.0%) (Supplemental Table 2).
 At presentation, only 15/41 (36.6%) and 10/38 (26.3%) of infants with CNS or disseminated infections respectively had SEM lesions. Two-thirds of infants with CNS or disseminated disease were afebrile. Both fever and SEM lesions were absent in 15/41 (36.6%) of infants with CNS and 17/38 (44.7%) of infants with disseminated infection (Figure 3).
Investigations
The median CRP at presentation for SEM, CNS and disseminated infections was 2.8 (IQR 1-5.9), 2.0 (IQR 1.0 -6.8) and 14.5 mg/L (IQR 3.9-42.9), respectively, peaking at 4.1(IQR 1.2 -8.0), 4.5(IQR 2.0-21.3) and 30.2(IQR 5-70.0) mg/L.
The median ALT at presentation for disseminated infections was 166 units/L (21-979) and peaked at  859 units/L (154-1266). 70% of infants with disseminated disease had abnormal clotting, however only 61/117 infants had clotting tested. 53% of infants with CNS disease and 57% of infants with disseminated disease had abnormal neuroimaging (Table 2).  Neuroimaging abnormalities included focal and widespread oedema, cortical injury, ischaemia and haemorrhage. Areas affected included frontal, temporal and parietal lobes, cerebellum, basal ganglia, medulla, thalamus and pons. 
Disease and virus type
HSV1 and 2 were equally responsible for infections (51.3% HSV1, 48.7% HSV2). HSV-1 was more common in SEM disease (SEM 29/38, 76.3%) and HSV-2 in invasive disease (CNS 24/38, 63.2%, disseminated 22/37, 59.5%) (Chi2 14.4) (p <0.001). All 9 infants of Black ethnicity (9/9, 100%) presented with CNS or disseminated disease compared to 63% (63/100) infants of white or Asian ethnicity (Chi2 5.4)(p = 0.025). 8/9 (88.8%) of black infants had HSV2. 
Antiviral Therapy 	
Three mothers received aciclovir for acute HSV, one took prophylactic aciclovir prior to delivery. Information on antiviral therapy was available for 115 infants, 112 received treatment with aciclovir, 3 died of disseminated HSV prior to treatment. Most infants (87.2%) received 60mg/kg/d aciclovir. Median age at aciclovir initiation was 10 days (IQR 7-16). Over half (56.7%) of infants had aciclovir commenced > 24 hours after symptom onset. 49.6% had aciclovir commenced > 24 hours after initiation of IV antibiotics. Mean time between symptom onset and aciclovir initiation was 1.3 days longer [CI 2.7, -1.1] (p =0.035) in infants with disseminated than SEM disease. Median aciclovir duration was 14 days (IQR 14-19.5) in SEM disease, 21 days (IQR 21-21) in CNS disease and 10 days in disseminated disease (IQR 1-21) (21 days in the 13 surviving infants with disseminated disease) (Table 1). 
Mortality
28 (23.9%) infants died. No SEM infants died, 7.3% (3/117) of CNS infants and 65.8% (25/38) of infants with disseminated infection died. More infants with HSV-2 died than infants with HSV 1 (34.5% (19/55), 13.5% (8/58)) (Chi2 6.9, p 0.01). A greater proportion of extremely preterm and moderate preterm infants died than late preterm and term infants (50% (6/12) vs 21% (21/101) (p = 0.035) (Supplemental Table 3). A logistic regression model was performed to ascertain the effects of gestational age, gender, clinical disease status and HSV type on mortality. The logistic regression model was statistically significant (X2 55.2 (4), p<0.0001), explained 59.3% of the variation in survival and correctly predicted 87.3% of deaths. Disseminated disease OR 43.8 [10.5, 182.8] (p<0.001) was clinically significant in the multivariate model but gestation, gender and HSV type were not (Supplemental Table 4).
Morbidity
60/89 (67.5%) surviving infants had 1 or 2 year follow up data supplied. All recieved initial treatment with IV aciclovir. 45 infants had 1-year follow-up data supplied (19 SEM, 21 CNS, 5 DIS).  No infants with SEM disease had sequelae at 1 year. 7/21 CNS infants (33%) had neurodevelopmental impairment, 3/21 (14%) had visual impairment. 1/5 disseminated infants (20%) had neurodevelopmental impairment and 1/5 (20%) had hearing impairment. 
41 infants had 2-year follow-up information (17 SEM, 20 CNS, 4 DIS). 25/41 (61%) had received six months of prophylactic oral aciclovir (7/17 SEM, 13/20 CNS, 4/4 DIS). 22/41 (53.7%) had neonatal brain imaging, which was abnormal in 12/22 (54.5%). 12/41 (29.3%) of infants had neurodevelopmental impairment at 2 years (11.8% (2/17) SEM, 45% (9/20) CNS, 25% (1/4) DIS). Of the infants with CNS disease 4/20 (20%) had epilepsy, 3/20 (15%) had visual impairment, 1/20 (5%) had hearing impairment. No infants with SEM or disseminated disease were reported as having visual, hearing impairment or epilepsy at 2 years. (Supplemental Table 5)




Discussion
We report the largest population-based surveillance study of HSV in infants under 90 days of age in the UK and ROI. The incidence of HSV in this age group has increased from 1.65/100,000 in 1986-1991 to 3.58/100,000 in 2004-2006 to at least 6.0/100,000 live births during 2019-2021[7].  Laboratory data from the UKHSA suggests the incidence of neonatal herpes in England may be even higher, at 13.7 cases /100,000 births during 2019-2021. Countries across Europe have also reported a rise in incidence of neonatal herpes over the last decades, with an increase in Denmark from 4.56 to 9 cases per 100,000 births and from 2.0 to 4.8 per 100,000 live births in The Netherlands [3, 4, 22, 23].  

The reasons behind the observed increase in neonatal herpes incidence are likely multifactorial. Firstly, polymerase chain reaction (PCR) testing has become more widespread in clinical use over the last two decades, with improved sensitivity and specificity for HSV detection than previous methods of viral culture and immunofluorescence [24]. Secondly, electronic health records allow enhanced access to clinical and laboratory data, improving the ability of clinicians to identify and report cases of neonatal herpes [25]. Thirdly, the epidemiology of HSV-1 infection has changed over time in Europe, with a reduction in oral acquisition during childhood and an increase in genital acquisition during adulthood [26]. Greater numbers of infants are, therefore, potentially being born to women with primary genital HSV-1 infection, and are subsequently at risk of neonatal herpes acquisition in the peripartum period either via the genital tract or transplacentally following maternal viraemia. Infants born to women without previous exposure to HSV-1 lack passive maternal immunity and are at increased risk of postnatal acquisition from contact with oral HSV-1 lesions, as seen in the transmission from grandparents/religious figure.

Case-fatality rate from neonatal herpes was high at 23.9%. Although this figure is consistent with previous studies in Denmark (2010-19) (25%) and The Netherlands (2012-15) (23%), it exceeds recent estimates from Germany (2017-18) (5.4%) and Israel (2015-22) (6%)[3, 4, 27, 28].  The studies in Germany and Israel included a high proportion of infants with SEM (53-82.8%) and HSV-1 disease (69.2-98%) whereas over half  the infants included in our surveillance had HSV-2, two thirds had CNS or disseminated infection and a third were premature, all of which are associated with worse outcomes in infants with neonatal herpes [27, 28]. Most infants with CNS and disseminated herpes disease in this cohort were born to women without a known history of genital herpes, were afebrile, and lacked SEM lesions or elevated infection markers. Diagnostic and treatment delay were consequently common, half the infants had a delay in aciclovir initiation of over 24 hours from symptom onset and/or initiation of IV antibiotics. Infants with disseminated disease had greater delay between symptom onset and aciclovir initiation than those with SEM disease, highlighting how non-specific symptoms contribute to treatment delay, whereas SEM lesions can be advantageous as a  diagnostic clue. A significantly higher proportion of black infants presented with CNS or disseminated disease than white or Asian infants, this may be because the majority had HSV 2 disease or because clinicians are not adequately identifying SEM lesions on black skin [29]. 

In this study, 29% of infants with follow-up data at 2 years had neurodevelopmental impairment and 12.8% had a diagnosis of epilepsy, echoing previous estimates of neurological sequalae of  31- 45%[9, 30]. However 2 year follow-up data was not available for all infants. As this study relies on clinician report and there are no UK recommendations for follow-up for children with neonatal HSV, these figures may be an overestimate, as premature infants or children with neurodevelopmental sequelae, may be more likely to be reviewed in clinic.

Given the high case-fatality rates and morbidity amongst survivors in this surveillance study and diagnostic difficulties, prevention of maternal-infant transmission is essential, however, only four mothers received any treatment with aciclovir. A recent survey in the UK identified that only 48% of women with genital herpes discuss their diagnosis with a healthcare worker during pregnancy [31]. It is possible that lack of herpes enquiry by healthcare workers and disclosure during pregnancy are contributing to low rates of aciclovir prophylaxis [31].  Pregnant women, their partners and healthcare professionals should be encouraged to have open conversations about herpes transmission. Given the transmission from grandparents and religious figure identified in this study, public health messaging should clarify the importance of hand and mouth hygiene around newborn infants, illustrated by the Lullaby Trust campaign ‘Think Hands and No Kisses’.

Study limitations include potential under-reporting  of BPSU incidence due to incomplete BPSU case notifications from clinicians, or over-reporting of UKHSA  incidence due to inadequate clinical information, as evident in the disparity between UKHSA and BPSU incidence figures.  There is potential for observation and recall bias in our cohort as clinicians are more likely to remember and follow up unwell infants. To mitigate this, the BPSU sends monthly requests for cases, however the infants in this cohort could represent a limited population with more severe disease. 

Despite the limitations, our study shows a doubling of incidence of neonatal herpes in the UK over the last 15 years with no improvement in mortality and morbidity. These results should raise awareness of neonatal herpes in the UK. Clinicians should be aware that infants with neonatal herpes are often born to women without a known history of genital herpes and that they can present without a fever, SEM lesions or elevated infection markers, just with respiratory distress and/or jaundice, most commonly in the first few weeks of life. The data from this study have been used by a UK-wide neonatal-HSV expert group to inform the United Kingdom Paediatric Antimicrobial Stewardship guidelines on neonatal sepsis. Aciclovir should be commenced in infants < 1 month with suspected sepsis and any of the following: vesicular rash, seizures, suspected meningitis/encephalitis, ALT or AST more than twice the upper limit of normal, coagulopathy, CSF pleocytosis, recent maternal herpes simplex disease or postnatal HSV contact. Aciclovir should be commenced in infants aged 3-14 days with sepsis and no other obvious cause, not improving, or with unexplained maternal febrile illness[32].  We also direct clinicians to the updated RCOG/BASHH guidelines for the management of herpes in pregnancy and the neonate which recommend that all women with a history of genital herpes be started on prophylactic aciclovir from 32 weeks pregnancy or earlier if there is risk of premature delivery [33]. Finally, as infants with neonatal herpes are at risk of neurodevelopmental sequelae we advise that clinicians follow-up all infants with neonatal herpes for at least 2 years.
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Table 1. Characteristics of reported  infants <90 days of age with herpes simplex infection
	Variable
	Category
	All

	SEM

	CNS

	Disseminated


	N (%)
	
	117
	38 (32.5)
	41 (35.0)
	38 (32.5)

	Sex (%)
N = 116
	Male
	62 (53.0)
	21 (55.3)
	20 (48.8)
	21 (55.3)

	Ethnicity (%)
N = 117

	White
	92 (78.6)
	33 (86.8)
	30 (73.2)
	29 (76.3)

	
	Asian
	9 (7.7)
	4 (10.5)
	3 (7.3)
	2 (5.3)

	
	Black
	9 (7.7)
	0
	5 (12.2)
	4 (10.5)

	
	Other
	1 (0.9)
	0
	0
	1 (2.6)

	
	Unknown
	6 (5.1)
	1 (2.7)
	3 (7.3)
	2 (5.3)

	Gestational age (weeks) (%)
 N = 113

	<28
	7 (6.2)
	0
	2 (5.1)
	5 (13.5)

	
	28- <32
	5 (4.4)
	0
	3 (7.7)
	2 (5.4)

	
	32 -36
	27 (23.9)
	9 (24.3)
	6 (15.4)
	12 (32.4)

	
	>37
	74 (65.5)
	28(75.7)
	28 (71.8)
	18 (48.7)

	Birth Weight (g)
N = 96
	Mean (SD)
	2839 (982)
	3246 (602)
	2906 (984)
	2448 (1093)

	Mode of Delivery
N = 115
N (%)
	Vaginal (unassisted)
	64 (55.7)
	23 (60.5)
	23 (59.0)
	18 (47.4)

	
	Instrumental
	15 (13.0)
	6 (15.8)
	5 (12.8)
	4 (10.5)

	
	Caesarean
	36 (31.3)
	9 (23.7)
	11 (28.2)
	16 (42.1)

	Maternal age at delivery N = 64
	Median (IQR)
	26 (21-32)
	27 (21-32)
	28 (22-32)
	25 (20-32)

	Source of infection
N =  117
N (%)
	Mother
	40 (34.2)
	17 (44.7)
	10 (24.4)
	13 (34.2)

	
	Grandparent/
Religious figure
	4 (3.4)
	2 (5.3)
	1 (2.4)
	1 (2.6)

	
	Unknown
	73 (62.4)
	19 (50)
	30 (73.2)
	24 (63.2)

	Type of maternal HSV infection
N = 40
N (%)
	Primary
	12 (30)
	3 (17.6)
	3 (30)
	6 (46.1)

	
	Recurrent
	11 (27.5)
	7 (41.2)
	2 (20)
	2 (15.4)

	
	Unknown
	17 (42.5)
	7 (41.2)
	5 (50)
	5 (38.5)

	Age at neonatal symptom onset (days)
N = 115
	Median (IQR)
	8 (5-13)
	8 (4-11)
	14 (7-19)
	6 (5-8)

	Days between onset of symptoms and start of aciclovir
N = 104
	Median (IQR)
	1 (0-3) 
	0 (0-3)
	1 (0-2)
	1 (0-4)

	Aciclovir commenced > 24 hours after symptom onset
N = 104
	N (%)
	59 (56.7)
	15 (45.5)
	23
(62.2)
	21
(61.8)

	Aciclovir duration
	Median (IQR)
	19 (14-21)
	14 (14-19.5)
	21 (21-21)
	10 (1-21)

	HSV Type
N = 113
	Type 1
	58 (51.3)
	29 (76.3)
	14 (36.8)
	15 (40.5)

	
	Type 2
	55 (48.7)
	9 (23.7)
	24 (63.2)
	22 (59.5)


Abbreviations : SEM – skin eye mouth, CNS – central nervous system, HSV – herpes simplex virus,  SD – standard deviation, IQR – interquartile range  



Table 2. Investigations in reported infants <90 days of age with herpes simplex infection
	Variable
	Category
	All

	SEM


	CNS

	Disseminated


	CRP
	Median (IQR)
	4 
(1-14)
	2.8 
(1.0-5.9)
	2 
(1.0-6.8)
	14.5 
(3.9-42.9)

	Peak CRP
	Median (IQR)
	5
(2-31.4)
	4.1 
(1.2-8.0)
	4.5 
(2.0-21.3)
	30.2 
(5.0-70)

	ALT
	Median (IQR)
	25 
(15-51)
	22 
(16.5-28)
	19 
(13-27)
	166 
(21-979)

	Peak ALT
	Median (IQR)
	31
(22-340)
	28
 (22-31)
	27 
(20-27)
	859
 (154-1266)

	Bilirubin
	Median (IQR)
	74.5 
(25.5-150.5)
	93.5
 (25-177)
	39 
(16-105)
	88
(62-158)

	Total WCC
	Median (IQR)
	10.8 
(7.9-15.2)
	11.6 
(9.0-15)
	9.9 
(7.9-14.3)
	10.9
(7.0-18.1)

	Neutrophils
	Median (IQR)
	4.6 
(2.3-8.1)
	4.4 
(2.5-8.1)
	4.1 
(2.1-7.3)
	5.4
(2.8-9.6)

	Lymphocytes
	Median (IQR)
	4.2 
(2.5-5.7)
	4.5
 (3.5-5.7)
	4.5 
(3.0-5.7)
	2.9 
(1.8-6.0)

	Abnormal clotting
	N (%)
	23/61 
(37.7)
	0/11 (0)
	2/20 (10)
	21/30 (70)

	CSF WCC
	Median 
(IQR)
	11 
(3.0-37.5)
	6 
(3-12)
	25
 (8.7-128.5)
	4 
(1-43)

	CSF Glucose
	Median (IQR)
	2.6 
(2.3-2.9)
	2.7 
(2.4-2.9)
	2.4 
(2.1-2.6)
	2.9 
(2.5-3.5)

	Abnormal Neuroimaging
	n/N (%)
	29/61
(47.5)
	0/8 
	17/32 (53)
	12/21 (57)


 Abbreviations : SEM – skin eye mouth, CNS – central nervous system, CRP – c-reactive protein, ALT – alanine transferase, WCC – white cell count, CSF – cerebrospinal fluid, IQR – interquartile range
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