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ABSTRACT
The epidemiology of herpes simplex virus (HSV) infections varies among populations depending on their demographic characteristics and exposure. This study describes the prevalence of HSV 1/2 IgG and IgM antibodies
among individuals over a period of 5 years. A retrospective study was conducted to collect data on cases tested for
HSV-1 and HSV-2 IgG and IgM antibodies for different medical conditions over five years between January 2014
and December 2018. 620 samples were tested for HSV 1/2 IgG and IgM during the study period. The total HSV
seropositivity in the study population was 68% (422/620). The total seropositivity excluding children below 6 months
of age was 65.3% (313/479). HSV-IgG seropositivity was significantly higher in married individuals (p<0.001, 95%
CI 1.61–3.69). The HSV IgG seropositivity was significantly higher in children under the age of 6 months (N=109,
77.30%) than in children between 7 and 24 months old (27.6%) (Chi-square for linear trend, p<0.001), and it then
tends to increase with age more than 24 months (Chi-square for linear trend, p=0.011). Eleven children showed
laboratory evidence of recent HSV infection (6.2%) as indicated by HSV IgM antibodies and had diverse clinical
conditions. HSV infection is highly prevalent in the Eastern Province of Saudi Arabia. Infection is most probably
acquired during early childhood, and the tendency increases with age. However, a significant number of mothers are
at risk of infection and transferring the infection to their fetuses.
KEYWORDS: herpes simplex virus; seroprevalence, HSV-1, HSV-2, Saudi Arabia.

INTRODUCTION
Herpes Simplex virus (HSV) is a large enveloped DNA virus
of icosahedral symmetry which belongs to the family Herpesviridae.
Primary infection is usually either asymptomatic or presented as
skin or mucosal lesions [1, 2]. After that, the virus persists latently
for life in the ganglia near the site of the primary infection.
There are two types of HSV. HSV-1 usually causes oral
sores, often referred to as fever blisters or cold sores and establishes persistent infection in the trigeminal ganglia, while HSV-2 typically causes sores in the genital region or rectum and establishes
persistent infection in the sacral ganglia. Transmission of HSV-1
primarily occurs during childhood or adolescence through nonsexual contact. HSV-2 transmission usually occurs through sexual contact in adults, while infants get infected through their infected mothers [3]. Most neonatal HSV infections are acquired
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during delivery, while the minority are caused by postnatal viral
acquisition [4].
HSV infections are widespread among humans worldwide,
and because herpes is a lifelong infection, its estimated prevalence increases with age [5, 6]. It is estimated that 67% of people
below 50 years old have HSV-1 infection worldwide, and 13%
of people between 15–49 years have HSV-2 infection [7]. The
prevalence of HSV-1 and HSV-2 infection in the United States
was reported as 47.8% and 11.9%, respectively [8]. While across
Europe there is an appreciable difference in the seroepidemiology of HSV-1 and HSV-2, women appeared to have higher
HSV-2 seropositivity than men [9]. In Africa, the incidence
of HSV-2 is 20–80% in females, and 10–50% in males, while
HSV-1 incidence is equivalent in women and men by about 50%
[6]. In the Middle East and North Africa, the seroprevalence
of HSV-1 showed that 65% of children and 90% of adults had
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been exposed to this infection, most often during childhood [10].
In Saudi Arabia, one of the earliest studies done in 1986 showed
that 92% of pregnant women are HSV-1 IgG positive and 6.3%
are HSV-2 IgG positive [11]. This was followed by another study
on 770 individuals showing HSV-1 and HSV-2 seroprevalence
of 89.5% and 3%, respectively [12]. A later study in 2015 also
showed that HSV-1 infection is widespread in Saudi Arabia and
most probably acquired before adulthood, while HSV-2 prevalence is very low and acquired in adulthood and increased with
age [13].
Many people with HSV-1 and HSV-2 infections do not
know they are infected because most infections are subclinical
[14]. Therefore, recognizing the viral seroepidemiology within
populations and employing appropriate public health procedures
would be significant to control HSV infection. Additionally, the
disease burden of this infection has drawn the attention of the
World Health Organization (WHO) and global partners to focus
on understanding the epidemiology of the virus and developing
an HSV vaccine [15].
HSV infection results in the production of lifelong antibodies. Immunological laboratory tests detect previous asymptomatic HSV-1 or HSV-2 infections or identify current infections in
symptomatic patients [16, 17]. HSV-1 and HSV-2 have high genetic similarities, which leads to an antigen resemblance between
both serotypes [18]. As a result, antibodies produced due to infection with one serotype extensively cross-react with the other
serotype.
Determining the specific IgG antibodies against HSV-2 and
HSV-1 is a reliable estimation of their population-based seroprevalence [19]. The prevalence of HSV antibodies has been
reported in countries across the globe and has been found to
vary by place and population [20]. The aim of this study was
to provide an update on HSV antibody prevalence among the

population of the Eastern Province in Saudi Arabia and to characterize the infection's age distribution, gender, marital status and
nationality over 5 years.

MATERIAL AND METHODS
Study settings
A retrospective study was conducted at King Fahd Hospital
of the University in Al Khobar city, Eastern Province of Saudi
Arabia. This tertiary hospital accommodates more than 600 beds
and serves more than 5 million populations in the Eastern Province.
The study comprises cases tested for HSV antibodies for different medical conditions and checkups over five years between
January 2014 and December 2018. Data were obtained from the
archived medical records at the hospital. A total of 620 samples
(over 5 years) were tested for HSV 1/2 IgG and IgM antibodies.
The total number of samples excluding patients less than 6 months
of age was 479, and the total number of samples excluding patients less than 2 years of age was 178.

HSV antibody testing
HSV-1 and HSV-2 IgG and IgM antibodies were previously
measured at the immunology laboratory of the hospital using
LIAISON HSV 1/2 IgG and LIAISON HSV 1/2 IgM kits, respectively (Diasorin, Via Crescentino, Saluggia, Italy). Both kits
employ the chemiluminescence immunoassay (CLIA) technique
and are used on the Liason machine (Diasorin, Via Crescentino,
Saluggia, Italy). A result of less than 9 standard units was considered negative, while a result of more than 11 standard units was
considered positive. A result of 9–11 standard units was consid-

Table 1. Demographic data of all patients tested for HSV-IgG over 5 years.
Negative

Positive

Total

N=198

%

N=422

%

Females

103

30.56

234

69.44

337

Male

95

33.69

187

66.31

282

Single

158

37.09

268

62.91

426

Married

36

19.57

148

80.43

184

Saudi

159

31.24

350

68.76

509

Non-Saudi

39

35.14

72

64.86

111

P-value

Gender*
0.408

Marital status**
0.000

Nationality
0.426

Age groups (year) $
0–10

80

35.71

144

64.29

224

>10–20

22

38.60

35

61.40

57

>20–30

41

33.33

82

66.67

123

>30–40

26

27.66

68

72.34

94

>40–50

10

21.74

36

78.26

46

>50–60

10

30.30

23

69.70

33

>60

7

19.44

29

80.56

36

0.011

* – 1 sample is missing; ** – 10 samples are missing; $ – 7 samples are missing. P-value for Chi-square for linear trend.
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Figure 1. Percentage of individuals in the study population positive for HSV IgG antibodies with age.

ered a gray zone and would require to be repeated on another
sample. According to the kit's booklet, the sensitivity and specificity of the assays are more than 95%.
The presence of IgG alone indicates previous exposure to
the virus or maternal antibodies in infants. The presence of IgM
alone indicates a current exposure to the virus, while the presence
of both antibodies indicates recent exposure to the virus.

Statistical analysis
The data were tabulated in Excel spreadsheets, calculating
the frequencies. The statistical associations were investigated using the OpenEPI website (Emory University, Atlanta, Georgia,
United States). The Chi-square test was used to calculate the association of HSV antibody detection with gender, marital status,
nationality, and child status. At the same time, the chi-square for
linear trend was used to calculate the association with age groups.
Post-hoc analysis was used to calculate the association with disease groups. A p-value of less than 0.05 was considered significant. Because of the wide variety of disease conditions among
the study population, the disease conditions were grouped into
system disorders or condition disorders.

RESULTS
The total HSV seropositivity in the study population was
68% (422/620). The total seropositivity excluding children below

6 months of age was 65.3% (313/479). The demographic data
for all individuals tested for HSV IgG antibodies is illustrated in
Table 1. HSV-IgG seropositivity was significantly higher in married patients (p<0.001, 95% CI 1.61–3.69) and tends to increase
with age (Chi-square for linear trend, p=0.011) (Table 1 and
Figure 1). There was no significant difference in HSV IgG levels
between males and females (p=0.408, 95% CI 0.61–1.22) and
between Saudis and expatriates (p=0.426, 95% CI 0.55–1.30)
(Table 1).
When the demographic data and the disease conditions
were analyzed for children under 2 years tested for HSV IgG
antibodies (N=178), we found that the overall seropositivity of
HSV among all children was 65.7% (117/178) (Table 2). The
HSV IgG seropositivity was significantly higher in children
under 6 months (N=109, 77.30%), and the level of HSV antibodies declined after that (Chi-square for linear trend, p<0.001)
(Table 2 and Figure 1). The prevalence of HSV IgG antibodies
was 27.6% (8/29) among children between 7 and 24 months old.
There was no significant association between certain diseases and
HSV IgG antibodies. However, children with skin disorders were
less likely to have HSV IgG antibodies (p=0.003) (Table 2).
As shown in Table 3, most HSV-IgG-positive children under
2 years were suffering from growth and developmental disorders,
infectious diseases, neurological disorders, and gastrointestinal
and hepatobiliary disorders. Other clinical conditions included
congenital diseases, bleeding disorders and others (Table 3).
Of the 178 children under the age of 2 years, 11 showed
laboratory evidence of recent HSV infection (6.2%) as indicated

Table 2. Demographic data of patients under 2 years of age tested for HSV IgG antibody.
Negative

Positive

Total

N=61

%

N=117

%

N=178

Females

26

30.23

60

69.77

86

Male

35

38.46

56

61.54

91

≤6

32

22.70

109

77.30

141

7–12

14

87.50

2

12.50

16

13–18

5

55.56

4

44.44

9

19–24

10

83.33

2

16.67

12

P-value

Gender*
0.255

Age groups (months)$

1274

<0.000
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Table 2. Continued.
Negative

Positive

Total

N=61

%

N=117

%

N=178

0

0.00

1

100.00

1

P-value

Diseases
Autoimmune disorders

1

Bleeding disorder

1

16.67

5

83.33

6

0.658

Neurological disorders

2

12.50

14

87.50

16

0.087

Growth and
developmental disorders

14

26.42

39

73.58

53

0.204

Congenital disorders

1

11.11

8

88.89

9

0.144

Infectious disorders

26

43.33

34

56.67

60

0.074

Gastrointestinal and
hepatobiliary disease

6

28.57

14

66.67

21

0.691

Skin disorders

8

80.00

2

20.00

10

0.003

Genetic disorder

2

100.00

0

0.00

2

0.232

Discharged

57

35.85

102

64.15

159

0.200

Died

4

21.05

15

78.95

19

Child Status

* – 1 sample is missing.

by HSV IgM antibodies (Table 4). Eight of the HSV-IgM-positive children were also positive for HSV IgG antibodies (72.7%)
(Table 4). The description of age, gender, nationality, and clinical
disease presentations of the 11 IgM-positive patients is detailed
in Table 4.

DISCUSSION
This study describes the prevalence of HSV 1/2 IgG and
IgM antibodies among 620 individuals over 5 years. The main
finding of our study showed a seroprevalence of HSV antibodies in 68% of the tested population, while it was 65.3% among
individuals above 6 months old. These results indicate a lower
HSV antibody seroprevalence than previously reported by other studies from Saudi Arabia [13, 21–23]. However, it could be
attributed to the involvement of children in the analysis in our

study, unlike other studies, which focused on healthy adults or
pregnant women. In the Middle East and North Africa (MENA)
region, the seroprevalence was 65.2% in children and 91.5% in
adults [10].
We did not find a significant difference in HSV IgG seroprevalence between males and females or between Saudis and
expatriates. On the other hand, the HSV-IgG seropositivity was
significantly higher in married individuals, which agrees with
Memish et al. and others [13, 24, 25].
As shown in Figure 1, there was a clear tendency of increased
HSV antibodies seroprevalence with age. The highest prevalence
during childhood was among children under 6 months of age
(77.3%). These antibodies are most likely the maternal antibodies
transmitted to the fetus during pregnancy. There was a decline in
the level of HSV antibodies, indicating the gradual loss of maternal antibodies to about 16% by the age of 2 years. It is not
possible to differentiate between HSV maternal antibodies and

Table 3. All IgG-positive cases under 2 years classified according to age in months and disease groups as a reason for testing.
Disease grouping

≤6

7–12

13–18

Autoimmune diseases

0

0

0

1

1

Bleeding disorder

5

0

0

0

5

Neurological disorders

12

1

1

0

14

Growth & developmental
disorders

39

0

0

0

39

Congenital disorders

8

0

0

0

8

Infectious disorders

30

1

3

0

34

Gastrointestinal and
Hepatobiliary disease

14

0

0

0

14

Skin disorders

1

0

0

1

2

2

0

0

0

2

109

2

4

2

117

Genetic disorder
Total
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Table 4. Description of cases under 2 years old and positive for HSV-IgM.
IgG

Sex

Nationality

Age months

Disease group

Disease condition

Neg.

F

Saudi

22

Dermatological
condition

Post-inflammatory hypopigmentation after herpes simplex

Pos.

M

Saudi

1.5

Fever

Neonatal fever to r/o sepsis

Neg.

M

American

21

Fever

Prolonged fever for investigation

Pos.

M

Saudi

2

Hyperbilirubinemia

Premature, umbilical hernia and direct hyperbilirubinemia

Neg.

M

Saudi

21

Infection

Herpetic eye disease

Pos.

F

Saudi

15

Infection

Stomatitis

Pos.

F

Saudi

At birth

IUGR

Premature with IUGR (mother-positive IgG)

Pos.

F

Saudi

At birth

IUGR

Premature with IUGR

Pos.

F

Saudi

3

Jaundice

Cholestatic jaundice

Pos.

F

Saudi

5.5

Pneumonia

Bronchopneumonia

Pos.

F

Saudi

19

Dermatological
condition

Dermatological condition not specified

IUGR – Intrauterine growth restriction.

antibodies due to infection between 7 months and 2 years. However, a large proportion of children under 2 years are at risk of
acquiring HSV infection. The level of HSV antibodies increased
gradually with age to reach a maximum in the highest age group
reflecting a cumulative exposure risk. Our results are in line with
previous estimates that 90% of all individuals possess antibodies to HSV type 1 by adolescence and adulthood age (20–30 &
30–40 years), reflecting the cumulative risk of exposure [20, 26].
Of the 178 children under 2 years, eleven (6.2%) showed
the presence of serum IgM, and 8 (72.7%) showed simultaneous
presence of serum IgG. The presence of serum IgM in children
and neonates is an important indicator for diagnosing recent
and intrauterine infections. A recent infection during childhood
is more likely associated with poor hygienic and socioeconomic
conditions [21, 27]. Active HSV lesions or prodromal symptoms
at the onset of delivery increase the risk of viral exposure to the
neonate [28]. In order to avoid neonatal herpes cases, identification of the mother at risk is essential. The estimated rates of
neonatal herpes simplex virus infection vary across different regions of the world [20]. Worldwide, an estimated 75% of neonatal HSV cases are caused by HSV-2 and 25% by HSV-1 [26].
In our study cohort, 117 children under 2 years were positive for HSV IgG antibodies. No specific clinical presentation
was associated with HSV seropositivity. However, those with
positive serum IgM had infections, fever, dermatological conditions, and jaundice. Two infants had positive serum IgM directly
at birth, indicating an intrauterine infection and was associated
with intrauterine growth restriction.
HSV infections in neonates and infants have a variable presentation and may simulate other neonatal infectious conditions.
As a result, they may go unrecognized or be attributed to another
disease process. Disseminated HSV infections are often fatal, and
survivors could have substantial neurological sequelae.
In this study, there was no significant difference in the HSV
antibody seroprevalence between male and female children below two years of age. However, seven out of eleven (63.6%) children with HSV IgM antibodies were females. It can be attributed
to the very small sample size. Nevertheless, similar findings were
reported in Europe and the USA where female children were
more likely to be HSV seropositive than males [9, 29, 30]. A
recent study including 190 pregnant women found anti-HSV-2
1276

IgG antibodies in only 0.5% of the study population [23], which
may reflect a very low prevalence of HSV-2 among the Saudi
population.

CONCLUSIONS
Our study presented the serological prevalence of HSV IgG
antibodies among different age groups from the Eastern Province
of Saudi Arabia. However, we could not differentiate between
HSV-1 and HSV-2 infection.

ACKNOWLEDGEMENTS
Conflict of interest

The authors declare no conflict of interest.

Ethical Approval

This study was approved by the ethical committee of the
Institutional Review Board at Imam Abdulrahman Bin Faisal
University (approval number 2018-01-156, date: 31/05/2018).

Consent to participate

The study contains archival data from medical records with
no personal identification. Therefore, consent was not required.

Data availability

Further data is available from the corresponding author on
reasonable request.

Personal thanks

The authors would like to thank the IT department at King
Fahd Hospital of the University (KFHU) for helping with data
retrieval. We also would like to thank the staff at the Immunology
Laboratory at the KFHU for their help in obtaining some data
from their records.

Authorship

KRK and NHOW contributed to the conceptual design of
the study, analyzed and interpreted the data, wrote the material

© 2022 JOURNAL of MEDICINE and LIFE. VOL: 15 ISSUE: 10 OCTOBER 2022

JOURNAL of MEDICINE and LIFE

and methods and the results. RA contributed to the clinical and
laboratory data acquisition, wrote the materials and methods
and the results. RAD contributed to the conceptual design of the
study, wrote the materials and methods and the results. OEO and
BCH contributed to clinical and laboratory data acquisition, and
wrote the introduction. NAQ contributed to clinical and laboratory data acquisition, and wrote the discussion. AAE analyzed
and interpreted the data, and wrote the discussion. All authors
have critically reviewed and approved the final draft and are responsible for the content and similarity index of the manuscript.

REFERENCES
1.

2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.

Looker KJ, Elmes JAR, Gottlieb SL, Schiffer JT et al. Effect of HSV-2
infection on subsequent HIV acquisition: an updated systematic review and
meta-analysis. Lancet Infect Dis. 2017; 17:1303-1316. doi: 10.1016/S14733099(17)30405-X.
Artiran Igde F, Igde M, Yazici Z, Okur Gumusova S et al. Distribution of
HSV-1 IgG antibodies by two methods comparing in Turkish atopic children.
New Microbiol. 2007; 30:109-12.
Taylor TJ, Brockman MA, McNamee EE, Knipe DM. Herpes simplex virus.
Front Biosci. 2002;7:d752-64. doi: 10.2741/taylor.
Rudnick CM, Hoekzema GS. Neonatal herpes simplex virus infections. Am
Fam Physician. 2002;65:1138-42.
Looker KJ, Magaret AS, May MT, Turner KM et al. Global and Regional
Estimates of Prevalent and Incident Herpes Simplex Virus Type 1 Infections
in 2012. PLoS One. 2015; 10:e0140765. doi: 10.1371/journal.pone.0140765.
Looker KJ, Magaret AS, Turner KM, Vickerman P et al. Correction: Global
estimates of prevalent and incident herpes simplex virus type 2 infections in
2012. PLoS One. 2015; 10:e0128615. doi: 10.1371/journal.pone.0128615.
James C, Harfouche M, Welton NJ, Turner KM et al. Herpes simplex virus:
global infection prevalence and incidence estimates, 2016. Bull World Health
Organ. 2020;98:315-329. doi: 10.2471/BLT.19.237149.
McQuillan G, Kruszon-Moran D, Flagg EW, Paulose-Ram R. Prevalence of
Herpes Simplex Virus Type 1 and Type 2 in Persons Aged 14-49: United
States, 2015-2016. NCHS Data Brief. 2018;1-8.
Pebody RG, Andrews N, Brown D, Gopal R et al. The seroepidemiology
of herpes simplex virus type 1 and 2 in Europe. Sex Transm Infect. 2004;
80:185-91. doi: 10.1136/sti.2003.005850.
Chaabane S, Harfouche M, Chemaitelly H, Schwarzer G, Abu-Raddad LJ.
Herpes simplex virus type 1 epidemiology in the Middle East and North
Africa: systematic review, meta-analyses, and meta-regressions. Sci Rep.
2019; 9:1136. doi: 10.1038/s41598-018-37833-8.
Hossain A, Bakir TM, Ramia S. Immune status to congenital infections by
TORCH agents in pregnant Saudi women. J Trop Pediatr. 1986;32:83-6. doi:
10.1093/tropej/32.2.83.
TMF B. Prevalence of Antibodies to Herpesviruses in Central Saudi
Arabia. Annals of Saudi Medicine. 1987; 7:196-201. doi: 10.5144/02564947.1987.196.
Memish ZA, Almasri M, Chentoufi AA, Al-Tawfiq JA et al. Seroprevalence
of Herpes Simplex Virus Type 1 and Type 2 and Coinfection With HIV

14.
15.

16.
17.
18.
19.
20.
21.
22.
23.

24.

25.
26.
27.
28.

29.
30.

and Syphilis: The First National Seroprevalence Survey in Saudi Arabia. Sex
Transm Dis. 2015; 42:526-32. doi: 10.1097/OLQ.0000000000000336.
Cusini M, Ghislanzoni M. The importance of diagnosing genital herpes. J
Antimicrob Chemother. 2001;47 Suppl T1:9-16. doi: 10.1093/jac/47.suppl_1.9.
Gottlieb SL, Giersing B, Boily MC, Chesson H et al. Modelling efforts
needed to advance herpes simplex virus (HSV) vaccine development:
Key findings from the World Health Organization Consultation on HSV
Vaccine Impact Modelling. Vaccine. 2019; 37:7336-7345. doi: 10.1016/j.
vaccine.2017.03.074.
Wald A, Ashley-Morrow R. Serological testing for herpes simplex virus
(HSV)-1 and HSV-2 infection. Clin Infect Dis. 2002; 35:S173-82. doi:
10.1086/342104.
van de Laar MJ, Termorshuizen F, Slomka MJ, van Doornum GJ et al. Prevalence
and correlates of herpes simplex virus type 2 infection: evaluation of behavioural
risk factors. Int J Epidemiol. 1998; 27:127-34. doi: 10.1093/ije/27.1.127.
Kieff E, Hoyer B, Bachenheimer S, Roizman B. Genetic relatedness of type
1 and type 2 herpes simplex viruses. J Virol. 1972; 9:738-45. doi: 10.1128/
JVI.9.5.738-745.1972.
Kangro HO, Osman HK, Lau YL, Heath RB et al. Seroprevalence of
antibodies to human herpesviruses in England and Hong Kong. J Med Virol.
1994; 43:91-6. doi: 10.1002/jmv.1890430117.
Smith JS, Robinson NJ. Age-specific prevalence of infection with herpes
simplex virus types 2 and 1: a global review. J Infect Dis. 2002; 186 Suppl
1:S3-28. doi: 10.1086/343739.
Obeid OE. Prevalence of herpes simplex virus types 1 and 2 and associated
sociodemographic variables in pregnant women attending king Fahd hospital
of the university. J Family Community Med. 2007;14:3-7.
Althaqafi RMM, Elrewiny M, Abdel-Moneim AS. Maternal and neonatal
infections of herpes simplex virus-1 and cytomegalovirus in Saudi Arabia.
J Infect Public Health. 2020;13:313-314. doi: 10.1016/j.jiph.2019.11.020.
Al-Hakami AM, Paul E, Al-Abed F, Alzoani AA et al. Prevalence of
toxoplasmosis, rubella, cytomegalovirus, and herpes (TORCH) infections
among women attending the antenatal care clinic, maternity hospital in
Abha, Southwestern Saudi Arabia. Saudi Med J. 2020; 41:757-762. doi:
10.15537/smj.2020.7.25121.
Stock C, Guillen-Grima F, de Mendoza JH, Marin-Fernandez B et al. Risk
factors of herpes simplex type 1 (HSV-1) infection and lifestyle factors
associated with HSV-1 manifestations. Eur J Epidemiol. 2001;17:885-90. doi:
10.1023/a:1015652713971.
Dalkvist J, Wahlin TB, Bartsch E, Forsbeck M. Herpes simplex and mood: a
prospective study. Psychosom Med. 1995;57:127-37. doi: 10.1097/00006842199503000-00005.
Xu F, Lee FK, Morrow RA, Sternberg MR et al. Seroprevalence of herpes
simplex virus type 1 in children in the United States. J Pediatr. 2007;151:3747. doi: 10.1016/j.jpeds.2007.04.065.
Corey L, Spear PG. Infections with herpes simplex viruses (1). N Engl J Med.
1986; 314:686-91. doi: 10.1056/NEJM198603133141105.
Brown ZA, Benedetti J, Ashley R, Burchett S et al. Neonatal herpes
simplex virus infection in relation to asymptomatic maternal infection
at the time of labor. N Engl J Med. 1991; 324:1247-52. doi: 10.1056/
NEJM199105023241804.
Rosenthal SL, Stanberry LR, Biro FM, Slaoui M et al. Seroprevalence of
herpes simplex virus types 1 and 2 and cytomegalovirus in adolescents. Clin
Infect Dis. 1997; 24:135-9. doi: 10.1093/clinids/24.2.135.
Shirtcliff EA, Coe CL, Pollak SD. Early childhood stress is associated with
elevated antibody levels to herpes simplex virus type 1. Proc Natl Acad Sci U
S A. 2009;106:2963-7. doi: 10.1073/pnas.0806660106.

© 2022 JOURNAL of MEDICINE and LIFE. VOL: 15 ISSUE: 10 OCTOBER 2022

1277

