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Abstract
Case presentation A pregnant woman developed hepatitis due to a herpes simplex virus 2 primary infection with a severe 
systemic inflammatory response. Treatment with acyclovir and human immunoglobulin was given and both mother and 
baby survived.
Purpose We provide the first description of the inflammatory response associated with herpetic hepatitis in pregnancy.
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Introduction

Herpes simplex virus (HSV) hepatitis is an uncommon 
disease primarily observed in immunocompromised indi-
viduals and pregnant women frequently leading to adverse 

outcomes. It represents a challenging diagnosis due to its 
non-specific clinical manifestations, such as fever, gastroin-
testinal symptoms, and flu-like symptoms. Highly character-
istic herpetic lesions are found in less than half of cases [1].

The high mortality observed in HSV hepatitis in preg-
nancy, up to 39% [1], is mainly due to delayed diagnosis 
and treatment [2]. Furthermore, the high mortality may be 
partially attributed to an inadequate systemic inflammatory 
response, as evidenced in cases of hemophagocytic lympho-
histiocytosis (HLH) and macrophage activation syndrome 
(MAS) triggered by HSV [3–5]. This hypothesis aligns with 
observations of hyper-inflammatory host responses leading 
to cytokine storms seen in other viral infections, such as 
SARS-CoV-2, Epstein–Barr virus (EBV), and human her-
pes virus 8 (HHV-8) infection [6–8]. A cytokine storm is 
characterized by uncontrolled systemic hyper-inflammation 
caused by an excess of cytokines, which correlates with dis-
ease severity [9].

We present an unprecedented evaluation of the inflam-
matory response in a pregnant woman with HSV-induced 
hepatitis following HSV-2 primary infection, successfully 
treated with acyclovir and immunoglobulin. We support the 
inclusion of HSV infection among the pathologic drivers of 
cytokine storm [9].
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Case

A 41-year-old primigravid woman, at 18 weeks gestation, 
with acute liver failure was referred to our transplant center 
for a trans-jugular liver biopsy and assessment for a poten-
tial liver transplant. Past medical history was unremarkable. 
The patient exhibited a ten-day history of persistent fever, 
headache, and acute hepatitis. Despite outpatient treatment 
with amoxicillin, cefixime, and acetaminophen, up to 1 
gr three times per day for seven days, her symptoms did 
not improve. At admission (day zero), she was febrile (T 
38.7 °C), alert, oriented, and hemodynamically stable. Phys-
ical examination revealed severe asthenia, pallor, sub-icteric 
sclera, and abdominal pain. Laboratory findings showed 
anemia (hemoglobin 8.3 g/dL), lymphopenia (1.4 ×  103/
μL), elevated transaminases (AST 7864 units/L, ALT 3012 
units/L), hypoalbuminemia (1.5 g/dL), INR 1.4, increase in 
total bilirubin (1.6 mg/dL), and creatinine was 0.57 mg/dl. 
Inflammatory markers were elevated, with C-reactive protein 
(CRP) at 136 mg/L, (normal value 0–5 mg/L) procalcitonin 
(PCT) at 10.3 ng/mL, and ferritin at 36,185 ng/mL. Minimal 
peri-hepatic ascites was observed on abdominal ultrasound. 
Empiric antibiotic treatment with meropenem was initiated. 
The pathologist, at first evaluation of urgent liver biopsy, 
observed cytolytic liver damage with extensive centrilob-
ular necrosis (acinar zone 3), suggestive of drug-induced 

damage. On day one after admission, the peripheral blood 
smear showed activated reactive and apoptotic lymphocytes. 
Serological tests for hepatitis A virus (HAV), hepatitis B 
virus (HBV), hepatitis C virus (HCV), cytomegalovirus 
(CMV), toxoplasmosis, and hepatitis E virus (HEV) were 
negative for acute infection. The plasma viral load of HSV-1 
and 2, CMV, adenovirus, and varicella-zoster virus (VZV) 
was negative. Fecal samples tested negative for adenovi-
rus, and molecular testing for respiratory viruses was also 
negative.

Despite a negative HSV-1 and -2 viral load, serological 
analysis demonstrated positive HSV-1/2 IgM and borderline 
IgG antibodies. Consequently, a histological review of the 
liver biopsy was requested, revealing numerous cells with 
viral nuclear inclusions (Fig. 1A) and a highly suggestive 
morphology for herpes virus cytopathic effects. Immuno-
histochemical staining and real-time polymerase chain reac-
tion (PCR) for HSV-2 were positive in the hepatic tissue 
(Fig. 1B), confirming the diagnosis. This was a primary 
HSV infection rather than a reactivation, as confirmed by 
the fourfold rise in IgG title observed four weeks after the 
first serological evaluation.

Acyclovir treatment was initiated, leading to a progres-
sive reduction in transaminases and inflammatory markers 
(Fig. 1C and D). However, on the fourth day, the patient’s 
clinical condition deteriorated, concomitantly with the 
development of anasarca attributed to severe hypoalbu-
minemia (1.8 g/dL) and an elevation in total bilirubin level 
(5.25 mg/dL). On the following day, the HSV-2 viral load 
became detectable, quantified at 28.750.000 copies/mL. The 
observed increase in inflammatory markers and high serum 
ferritin, despite optimized HSV-2 treatment, raised concerns 
of unregulated hyper-inflammation suggestive of a cytokine 
storm. Probability of hemophagocytic lymphohistiocytosis 
(HLH) using H score was 25–40% on day 4 and 80–88% on 
day 5 [10, 11]. By considering that steroids are usually not 
recommended in acute HSV infections and that cyclosporin 
may be unsafe during pregnancy [12].

We decided to administer human polyvalent immuno-
globulin at a dose of 400 mg/kg/day for five days (Fig. 1C 
and D) [13]. The patient started to recover with a reduction 
in H score (with probability of HLH 25–40% on day 7, 8, 
10, and 16–25% on day 12), inflammatory markers and in 
HSV-2 viral load to 1.361.205 copies/mL within one week. 
The patient became afebrile while HSV-1/2 DNA on the 
vaginal swab remained detectable. Thus, we recommended 
a cesarean delivery.

After a total hospital stay of 20 days, including 19 days 
of acyclovir treatment, the patient was discharged with 
normalized inflammatory markers and recovery of liver 
function. On the follow-up visit, a month after discharge, 
she was asymptomatic with a viral load of HSV-2 of 
120 copies/mL and a detectable HSV-1/2 vaginal swab. 

Fig. 1  A hematoxylin and eosin stain of liver biopsy. Arrows dem-
onstrate HSV inclusions with nuclear molding, and multinucleation, 
consistent with Cowdry-type inclusions (H&E 20x). B immunohisto-
chemical stain strongly positive for HSV-2 (H&E 10x). C Transami-
nases (AST-ALT) levels and HSV-2 viral load, repeated twice, at five 
designated time points (day: 0–3–4–18–62). D levels of inflammatory 
markers (C-reactive protein, procalcitonin, and ferritin) and HSV-2 
viral load in all time points. E the clustered heatmap shows the lev-
els of 30 circulation cytokines/chemokines and 19 clinical biomarkers 
(rows) detected on different days (columns), normalized by z-score 
transformation. The analysis reveals three discernible temporal clus-
ters corresponding to C1 (day 0 and day 4 since admission), C2 (day 
4 since admission, and day 18, corresponding to discharge), and C3 
(day 62, follow-up time). The green dotted line represents the two 
major biomarkers clusters. F pairwise Pearson correlation analyses 
were conducted to assess the associations between cytokine expres-
sion levels and laboratory values across the five-time points. Red: 
positive correlation; Blue: negative correlation. Only correlations 
exceeding the 95% confidence interval were considered statistically 
significant. ALT alanine transaminase, AST aspartate transaminase, 
CRP C-reactive protein, EGF epidermal growth factor, FGF fibro-
blast growth factor, G-CSF granulocyte colony-stimulating factor, 
gamma-GT gamma-glutamyl transferase, GM-CSF granulocyte–mac-
rophage colony-stimulating factor, Hb hemoglobin, HGF hepatocyte 
growth factor, HSV-2 herpes simplex virus 2, IFN interferon, IL inter-
leukin, INR international normalized rate, IP-10 interferon-gamma 
inducible protein-10, LDH lactate dehydrogenase, MCP monocyte 
chemoattractant protein, MIG monokine induced by interferon-
gamma, MIP macrophage inflammatory protein, PCT procalcitonin, 
PLT platelets, RBC red blood count, TNF tumor necrosis factor, 
VEGF vascular endothelial growth factor, WBC white blood count

◂
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Obstetric examination revealed no discernible abnormali-
ties in the fetus. The patient underwent a cesarean delivery at 
33+s3 weeks of pregnancy. The newborn was a healthy girl 
with a birth weight of 1800 gr. HSV-1/2 DNA in plasma and 
cerebrospinal fluid of the newborn was undetectable. Both 
mother and baby are alive and well at the 6-month follow-up.

Using Luminex technology and the R software tool (ver-
sion 4.1.2), we retrospectively analyzed plasma cytokine 
levels (stored at − 80 °C until their use) at five designated 
time points (day: 0–3–4–18–62) and correlated them with 
the clinical data after a z-score transformation. The heat-
map generated in Fig. 1E revealed three discernible tempo-
ral biomarker clusters. The first cluster, represented by the 
acute phase (day 0 and day 3 after admission) in the absence 
of viremia, revealed an impaired specific antiviral immune 
response and, conversely, the production of cytokines and 
chemokines, including monokine induced by interferon-
gamma (MIG), interferon-gamma (IFNγ), hepatocyte growth 
factor (HGF), monocyte chemoattractant protein-1 (MCP-1), 
interferon-gamma induced protein-10 (IP-10), C–C motif 
chemokine ligand 11 (CCL-11), and interleukin-8 (IL-8), 
IL-6, IL-1RA, IL-2R, and IL-10, all involved in inflamma-
tion. This profile was accompanied by increased hepatic 
(AST, ALT, bilirubin, gamma-GT, alkaline phosphatase, 
INR) and inflammatory (CRP, PCT, LDH, ferritin) biomark-
ers. In the second cluster, the viremic phase (day 4–18), we 
observed a reduction in the aforementioned inflammatory 
profile and an increase in total bilirubin, WBC, and neutro-
phils. Finally, in the third cluster (day 62, follow-up), we 
observed a complete recovery of hepatic markers and an 
increase in different cytokines involved in antiviral immu-
nity, suggesting the onset of T cell responses involved in 
viral clearance and recovery from the infection. In Fig. 1F, 
we show the pairwise Pearson correlation analysis, which 
associates cytokine expression levels and laboratory values 
across the five-time points.

Discussion and conclusions

We present the first comprehensive description of the inflam-
matory response observed in a pregnant woman with her-
petic hepatitis. The unique immunological landscape of 
pregnancy, characterized by T cell deficiency, renders preg-
nant women particularly susceptible to virus-related compli-
cations [14]. After a systematic literature search in Pubmed 
and Web of Science databases to identify cases of hepatitis 
attributed to HSV-2 published from January 2013 onwards, 
we identified only thirteen cases, two of which were associ-
ated with HLH and fetal death [3, 4]. The occurrence of a 
cytokine storm was not reported in the remaining patients. 
In recent years, a growing body of evidence has contributed 
to our evolving understanding of the systemic inflammatory 

responses triggered by various infectious agents. Notably, 
viruses like coronaviruses, influenza, HHV-8 [7], and more 
recently, SARS-CoV-2 [6] have been associated with hyper-
inflammatory host responses, often culminating in cytokine 
storms. Interestingly, different viral infections may also 
be associated with distinct patterns of cytokine elevation, 
emphasizing the intricacies and nuances of the host-virus 
interplay in immune dysregulation [9]. Despite appropri-
ate treatment, our patient experienced a sudden increase in 
inflammatory markers concomitant with a deterioration in 
overall clinical status consistent with the occurrence of a 
cytokine storm [9], as demonstrated by the circulating lev-
els of different cytokines. In the acute phase (cluster 1), we 
observed an increase in MIG, IFNγ, HGF, MCP-1, IP-10, 
CCL-11, IL-8, IL-6, IL-1RA, IL-2R, and IL-10, which 
have previously been associated with cytokine storms in 
the context of COVID-19 [6, 8]. Precise thresholds defin-
ing elevated cytokine levels are not firmly established and 
the precise identity of cytokines driving hyper-inflammation 
in the context of viral-associated cytokine storms remains 
unknown. We initiated immunomodulatory therapy with 
human immunoglobulins (day 6) in an attempt to further 
mitigate the excessive inflammatory response observed, 
in addition to the antiviral therapy with acyclovir that had 
been administered immediately upon admission (day 1). The 
combined therapy probably prevented the organ failure typi-
cally associated with a cytokine storm and, on day 18, the 
patient recovered fully and was discharged with a noticeable 
decrease in inflammatory markers. The management was 
challenging due to an exaggerated inflammatory response 
that prompted us to question if the patient needed an immu-
nomodulatory/immunosuppressive therapy to modulate the 
cytokine storm. We decided to administer immunoglobu-
lins for their immunomodulatory activity [13]. At follow-
up, the patient presented a cytokine profile characteristic of 
an active antiviral response. Recently, a cytokine storm-like 
syndrome has been reported in a mice model of ocular HSV 
primary infection and resulted to be related to a deficiency of 
M1 macrophages [15]. During pregnancy, the increased risk 
for certain types of infection indicates important qualitative 
immunological changes in both innate and adaptive branches 
[16]. Functional loss of T and B cells has been stated [16], 
and the characteristic immunomodulatory microenvironment 
in pregnant women induces a shift toward M2 macrophages 
phenotype [17]. It could be assumed the susceptibility to 
hyperinflammation during HSV-2 primary infection in preg-
nant women is due either to an imbalance in the M1/M2 
ratio, or, alternatively, to the impaired ability to mount a 
cytotoxic or humoral response in the early stage of infec-
tion. Conversely, the immune response against virus reacti-
vation differs in terms of speed, strength, and mechanisms 
involved. Reactivation benefits from the presence of memory 
immune cells, leading to a faster and more targeted defense. 
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This conceptual framework holds the potential to enhance 
the clinical management of pregnant women with viral sep-
sis triggered by HSV infections, providing a rationale for 
incorporating immunomodulatory approaches in conjunc-
tion with acyclovir. Early recognition of HSV sepsis and a 
related cytokine storm are imperative since HSV-directed 
treatment is potentially life-saving, as already reported for 
EBV and HHV-8 [7, 9].

Author contributions Concept and design: AM, AC, ML. Acquisition, 
analysis, or interpretation of data: AM, AC, LRD, RL, MB, RB, SC, 
PAG, PGC. Drafting of the manuscript: AM, AC, LRD. Critical revi-
sion of the manuscript: All authors. All authors approved the final 
manuscript.

Funding This research was supported by EU funding with the MUR 
PNRR Extended Partnership initiative on Emerging Infectious Diseases 
(project no. PE00000007-INF-ACT).

Availability of data and materials Data are available from the corre-
sponding author, AC, upon reasonable request.

Declarations 

Conflict of interest The authors of this manuscript have no conflicts of 
interest to disclose.

Ethical approval Not required.

Consent to participate and consent to publish Written informed con-
sent has been obtained from the patient for anonymized information to 
be published in this article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. McCormack AL, Rabie N, Whittemore B, Murphy T, Sitler C, 
Magann E. HSV hepatitis in pregnancy: a review of the literature. 
Obstet Gynecol Surv. 2019;74:93–8.

 2. Dionne-Odom J, Cozzi GD, Franco RA, Njei B, Tita ATN. Treat-
ment and prevention of viral hepatitis in pregnancy. Am J Obstet 
Gynecol. 2022;226:335–46.

 3. Goulding EA, Barnden KR. Disseminated herpes simplex virus 
manifesting as pyrexia and cervicitis and leading to reactive 
hemophagocytic syndrome in pregnancy. Eur J Obstet Gynecol 
Reprod Biol. 2014;180:198–9. https:// doi. org/ 10. 1016/j. ejogrb. 
2014. 05. 005.

 4. Nasser MF, Sharma S, Albers E, Sharma S, Duggal A. Pregnancy-
related hemophagocytic lymphohistiocytosis associated with 
herpes simplex virus-2 infection: a diagnostic dilemma. Cureus. 
2018;10:3–5.

 5. Cusini A, Günthard HF, Stussi G, et al. Hemophagocytic syn-
drome caused by primary herpes simplex virus 1 infection: report 
of a first case. Infection. 2010;38:423–6. https:// doi. org/ 10. 1007/ 
s15010- 010- 0037-9.

 6. Olbei M, Hautefort I, Modos D, et al. SARS-CoV-2 causes a 
different cytokine response compared to other cytokine storm-
causing respiratory viruses in severely ill patients. Front Immunol. 
2021;12:629193.

 7. Mularoni A, Gallo A, Riva G, et al. Successful treatment of 
Kaposi sarcoma-associated herpesvirus inflammatory cytokine 
syndrome after kidney-liver transplant: correlations with the 
human herpesvirus 8 miRNome and specific T cell response. Am 
J Transplant. 2017;17:2963–9.

 8. Riva G, Nasillo V, Tagliafico E, Trenti T, Comoli P, Luppi M. 
COVID-19: more than a cytokine storm. Crit Care. 2020;24:1–3. 
https:// doi. org/ 10. 1186/ s13054- 020- 03267-w.

 9. Fajgenbaum DC, June CH. Cytokine storm. N Engl J Med. 
2020;383:2255–73.

 10. Fardet L, Galicier L, Lambotte O, et  al. Development and 
validation of the hscore, a score for the diagnosis of reactive 
hemophagocytic syndrome. Arthritis Rheumatol. 2014;66:2613–
20. https:// doi. org/ 10. 1002/ art. 38690.

 11. Debaugnies F, Mahadeb B, Ferster A, et al. Performances of the 
H-score for diagnosis of hemophagocytic lymphohistiocytosis in 
adult and pediatric patients. Am J Clin Pathol. 2016;145:862–70. 
https:// doi. org/ 10. 1093/ ajcp/ aqw076.

 12. Paziana K, Del Monaco M, Cardonick E, et al. Ciclosporin use 
during pregnancy. Drug Saf. 2013;36:279–94. https:// doi. org/ 10. 
1007/ s40264- 013- 0034-x.

 13. La Rosée P, Horne AC, Hines M, et al. Recommendations for the 
management of hemophagocytic lymphohistiocytosis in adults. 
Blood. 2019;133:2465–77.

 14. Pazos M, Sperling RS, Moran TM, Kraus TA. The influence of 
pregnancy on systemic immunity. Immunol Res. 2012;54:254–61.

 15. Jaggi U, Matundan HH, Yu J, et al. Essential role of M1 mac-
rophages in blocking cytokine storm and pathology associated 
with murine HSV-1 infection. PLoS Pathog. 2021;17:e1009999.

 16. Abu-Raya B, Michalski C, Sadarangani M, Lavoie PM. Maternal 
immunological adaptation during normal pregnancy. Front Immu-
nol. 2020;11:575197.

 17. Lou Y, Fu Z, Tian Y, et al. Estrogen-sensitive activation of SGK1 
induces M2 macrophages with anti-inflammatory properties and 
a Th2 response at the maternal–fetal interface. Reprod Biol Endo-
crinol. 2023;21:50.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ejogrb.2014.05.005
https://doi.org/10.1016/j.ejogrb.2014.05.005
https://doi.org/10.1007/s15010-010-0037-9
https://doi.org/10.1007/s15010-010-0037-9
https://doi.org/10.1186/s13054-020-03267-w
https://doi.org/10.1002/art.38690
https://doi.org/10.1093/ajcp/aqw076
https://doi.org/10.1007/s40264-013-0034-x
https://doi.org/10.1007/s40264-013-0034-x

	Cytokine storm and severe hepatitis in pregnancy due to herpes simplex virus 2
	Abstract
	Case presentation 
	Purpose 

	Introduction
	Case
	Discussion and conclusions
	References




