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ARTICLE

ABSTRACT 
Herpes simplex virus (HSV) is a cause of a severe disease of the central nervous system (CNS) in humans. The demonstration of specific 
antibodies in the cerebrospinal fluid (CSF) may contribute to the retrospective neurological diagnosis. However, the commercial 
immunological tests for HSV infection are for use in serum samples. Objective: The aim of the present study was to adapt a commercial kit 
anti-HSV IgG used for serum samples to be performed with a CSF sample. Methods: Forty CSF specimens from 38 patients with suspected 
CNS HSV infection were serially diluted for detecting anti-HSV IgG by enzyme immunoassay (EIA). The same samples were also analyzed 
with the polymerase chain reaction (PCR). Results: The sensitivity of EIA test for HSV was 5% (dilution 1:40) and 65% (dilution 1:2) in CSF, 
and HSV DNA PCR was 15%. The combined analysis of EIA (dilution 1:2) and PCR increased the sensitivity up to 72.5%. The inflammatory 
CSF was associated with positive HSV PCR. 
Conclusions: We demonstrated the importance to adapt serological anti-HSV IgG EIA test for CSF assays to increase the accuracy of the 
analysis, considering the low concentration of specific antibodies in CSF. 
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RESUMO 
O vírus herpes simples (HSV) é um dos agentes causadores de uma doença grave no sistema nervoso central (SNC) em humanos. A detecção de 
anticorpos específicos no líquido cefalorraquidiano (LCR) pode contribuir para o diagnóstico neurológico retrospectivo. Entretanto, os testes 
imunológicos comerciais são para uso em amostras de soro. Objetivo: Adaptar um kit comercial sorológico anti-HSV IgG para ser utilizado 
no de LCR. Metodos: Quarenta amostras de LCR de 38 pacientes com suspeita de infecção por HSV no SNC foram diluídas para pesquisa de 
anticorpos anti-HSV IgG pelo método imunoenzimático (EIA). Além disso, as mesmas amostras também foram analisadas por reação em cadeia 
da polimerase (PCR). Resultados: A sensibilidade do teste EIA para o HSV consistiu em 5% (diluição 1:40) e 65% (diluição 1:2) no LCR, e o PCR 
do DNA do HSV, 15%. A análise combinada de EIA (diluição 1:2) e PCR aumentou a sensibilidade para 72,5%. Houve associação entre presença 
do LCR inflamatório e PCR positiva para HSV. Conclusões: Demonstramos a importância na adaptação previa do teste sorológico anti-HSV IgG 
EIA para ensaios do no LCR, a fim de aumentar a acuracia da análise, considerando a baixa concentração de anticorpos específicos no LCR.

Palavras-chave: herpes simplex virus; líquido cefalorraquidiano; técnicas imunoenzimáticas; reação em cadeia da polimerase.

Cerebrospinal fluid challenges for 
the diagnosis of herpes simplex 
infection in the central nervous system
Desafios do exame do líquido cefalorraquidiano para o diagnóstico de infecção por herpes 
simplex no sistema nervoso central
Samya Jezine DA SILVA1, Mauro Jorge CABRAL-CASTRO1,2, Maria Angélica GUIMARÃES1,3, 
José Mauro PERALTA1,2, Marzia PUCCIONI-SOHLER1,4

1Universidade Federal do Rio de Janeiro, Programa de Pós-Graduação em Doenças Infecciosas e Parasitárias, Rio de Janeiro RJ, Brazil.
2Universidade Federal do Rio de Janeiro, Instituto de Microbiologia, Rio de Janeiro RJ, Brazil.
3Universidade Federal do Rio de Janeiro, Hospital Universitário Clementino Fraga Filho, Serviço de Patologia Clínica, Rio de Janeiro RJ, Brazil.
4Universidade Federal do Estado do Rio de Janeiro, Escola de Medicina e Cirurgia, Rio de Janeiro RJ, Brazil.

Samya Jezine DA SILVA https://orcid.org/0000-0003-1978-0548; Mauro Jorge CABRAL-CASTRO https://orcid.org/0000-0002-1755-999X; 
Maria Angélica GUIMARÃES https://orcid.org/0000-0002-5364-7831; José Mauro PERALTA https://orcid.org/0000-0002-2615-4820; Marzia 
PUCCIONI-SOHLER https://orcid.org/0000-0001-6007-9142

Correspondence: Marzia Puccioni Sohler; Av. N. Sra. de Copacabana, 1052 / Sala 1002; 22020-001 Rio de Janeiro RJ, Brazil. E-mail m_puccioni@yahoo.com.br

Conflict of Interest: There is no conflict of interest to declare.

Received on December 27, 2018; Received in its final form on September 3, 2019; Accepted on October 24, 2019.

Herpes simplex virus 1 (HSV-1) and 2 (HSV-2) belong to 
the family Herpesviridae. HSV has four elements: a core, con-
taining the viral DNA (linear and double-stranded); an ico-
sahedral capsid surrounding the core; a largely unstructured 
proteinaceous layer called the tegument, which surrounds the 

capsid; and an outer lipid bilayer envelope exhibiting spikes 
on its surface1. HSV is responsible for severe diseases of the 
central nervous system (CNS) in humans, as well as oral and 
genital cutaneous lesions2,3. Both viruses (HSV-1 and HSV-2) 
can trigger a broad spectrum of neurological manifestations, 
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such as meningitis, encephalitis, meningoencephalitis, myeli-
tis, and radiculitis4,3.

The diagnosis of HSV infection in the CNS is based on the 
early detection of viral DNA with the polymerase chain reac-
tion (PCR) in the cerebrospinal fluid (CSF). The sensitivity 
of this method is greater over the first week after symptoms 
onset or before treatment5. From seven to 10 days after that, 
the diagnosis can be determined by the presence of antibod-
ies against the viral antigen5,6. The presence of IgM indicates 
recent primary infection being rarely detected in the CSF, 
whereas the specific IgG demonstration supports the retro-
spective diagnosis of the herpetic infection in the CNS and 
may persist for years7. The demonstration of the intrathecal 
synthesis of specific antibodies is an immunological method 
of choice for retrospective analysis. However, such analysis 
requires serum and paired CSF, which are rarely available.

Commercial serological tests have been used to investi-
gate viral agents in the routine of CSF analysis. This practice 
may lead to a decrease in the accuracy of the test due to the 
lower concentration of CSF immunoglobulin compared to 
serum if there is no previous adaptation and validation of the 
method. This procedure should consider the modifications 
of already validated bioanalytical methods, as well as matrix 
change8. The aim of this study was to adapt a commercial 
kit anti-HSV IgG used for serum samples to be performed 
with CSF samples, increasing the accuracy of the laboratory 
diagnosis of HSV infection in the CNS. In addition, the study 
evaluates the combined use of immunological and molecular 
tests to support the diagnosis of HSV infection in the CNS.

METHODS

A panel of 40 CSF samples from 38 patients with a sus-
pected diagnosis of HSV infection in the CNS was evaluated 
in this study. Two of them had samples analyzed at two differ-
ent times. All had negative CSF tests for bacterial, fungal or 
syphilis infections. Routine CSF examination included total 
and differential cell count, protein and glucose concentra-
tion, stain and culture to bacteria and fungi. 

 First, a pool of six reactive CSF samples for anti-HSV-1/2 
IgG SYM (Symbiosys Diagnóstica, Brazil) was serially diluted 
(1:2 to 1:160) in two stages to obtain a better dilution, using a 
commercial kit HSV-1/2 IgG EIA (DiaSorin, Italy). In the next 
step, repeatability assay with twenty replicates on the same 

day and reproducibility assay with triplicates over the course 
of 20 days were performed with the pool of CSF. 

We performed nested real-time PCR by Sybr Green sys-
tem for the detection of HSV DNA in all 40 clinical samples, 
according to the protocol described by Kawada et al.9.

Statistical analysis
The repeatability and reproducibility assays were evalu-

ated by the mean, standard deviation (SD), and coefficient of 
variation (CV) using the GraphPad Prism statistical program. 
The association between EIA and PCR for HSV and CSF find-
ings (cell count and protein) was performed with the non-
parametric Mann Whitney test of the SPSS program. The exis-
tence of association was considered for p-value<0.05. In the 
comparison between the results of the EIA test and PCR, the 
agreement was analyzed with Kappa (K) value, being K≤0.20 
without agreement and K>0.80 optimal agreement. This anal-
ysis was performed by SAS System software (SAS Institute, 
Inc., North California, USA). The present study was approved 
according to the Ethical Review Board of HUCFF/UFRJ.

RESULTS

Out of the panel of 40 CSF samples from 38 patients 
with suspected diagnosis of HSV infection in the CNS, 55.3% 
(21/38) were women, with a median (min‒max) age of 36 
(1‒90). The suspected diagnosis of HSV infection in the CNS 
consisted of 20 cases of meningitis, 11 cases of encephali-
tis, six cases of myelitis, and one case of meningoencepha-
litis7,10,11. Signs and symptoms included ulcerative lesions in 
the mouth, genital lesions, headache, fever, vomiting, diplo-
pia, convulsive attacks, disturbance of consciousness, quad-
riplegia, paraplegia, myalgia, memory deficit, and frontotem-
poral hemorrhagic lesion, as evidenced by brain magnetic 
resonance imaging. Among the CSF samples, 65% (26/40) 
had pleocytosis (>4 cells/mm3) and 50% (20/40) had hyper-
proteinorrhachia (>40 mg/dL). The median (min‒max) leuko-
cyte count was 15.5 (1‒390) cells/mm3, and the median (min‒
max) protein was 39.5 (15‒890) mg/dL (Table 1).

Considering that the best optical density (OD) values are 
between 0.5‒1.5 for the EIA test, the 1:40 dilution was cho-
sen as the mean OD value of 1.115 of the reactive CSF pool 
(Table 2). In the repeatability and reproducibility assays for 
the 1:40 dilution, we found 4.5 and 10.2% of CV, respectively. 

Reference values: global count cell ≤4 cells/mm3; Protein: 15–40 mg/dL.

Encephalitis (n=13) Meningitis (n=18) Meningoencephalitis (n=2) Myelitis (n=7)

Pleocytosis
>4 cells/mm3 (%)

7
(53.9%)

12
(66.7%)

2
(100%)

4
(57.1%)

Protein
>40 mg/dL (%)

6
(46.2%)

9
(50.0%)

1
(50.0%)

3
(48.9%)

Table 1. Inflammatory cerebrospinal fluid samples from 38 patients with a suspected diagnosis of herpes simplex virus infection 
in the central nervous system.
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Both values are acceptable according to ANVISA’s8 deter-
mination that considers a CV up to 15%. Repeatability and 
reproducibility assays were also performed for a minimum 
empirical dilution of 1:2 in an attempt to increase the sen-
sitivity of the test by detecting lower concentrations of anti-
HSV IgG in the CSF. The repeatability and reproducibility 
assays for this dilution were 1.8 and 13.6%, respectively.

Of the 40 CSF samples analyzed, 5% of the samples were 
reactive for HSV IgG EIA at 1:40 dilution, 65% were reactive at 
1:2 dilution, and 15% of the samples amplified the viral DNA 
by PCR. Three of the samples that amplified in PCR were also 
reactive in EIA at 1:2 dilution. None of the samples that ampli-
fied in PCR were reactive in EIA at 1:40 dilution (Table 3). 

The combined analysis of immunological tests and molecu-
lar biology were positive in 20% (EIA at dilution 1:40 and PCR) 
and 72.5% (EIA at dilution 1:2 and PCR) of the CSF samples. 
Increased cell count and protein values in CSF were associated 
with positive PCR in 40 samples (Tables 4 and 5). A trend of asso-
ciation of reactive EIA at dilution 1:40 (p=0.18) was observed 
with high levels of protein in the CSF. However, this tendency 
cannot be considered, because only a few samples were reactive 
(2/40). Kappa (K) index showed no agreement between reactive 
anti-HSV IgG by EIA and positive PCR for HSV (Table 3).

DISCUSSION

In the present study, in order to increase the diagnosis 
accuracy in cases of CNS infection by HSV with negative PCR, 

Table 2. Serial dilution of the pool of six previously reactive 
cerebrospinal fluid samples for anti-HSV-1/2 IgG using a 
commercial kit HSV-1/2 IgG EIA .

1st step of dilution 2nd step of dilution

Dilution Mean of OD 
duplicates values Dilution Mean of OD 

duplicates values

Cut-off 0.235 1:10 1.809

1:2 1.837 1:20 1.629

1:4 1.874 1:40 1.115

1:8 1.755 1:80 0.640

1:16 1.302 1:100 0.581

1:32 0.425 1:160 0.378

OD: optic density.

Table 3. Profile of 40 samples from 38 patients with a suspected diagnosis of herpes simplex virus infection in central nervous system.

Samples Clinical diagnosis Age/
gender Cell count/mm3 Protein mg/dL PCR IgG anti- HSV EIA

 (dilution 1:40)
IgG anti- HSV EIA 

(dilution 1:2)

1 Myelitis 55/F 21 28 Neg NR R

*2 Follow up 55/F 9 39 Neg NR R

3 Myelitis 31/F 3 16 Neg NR R

4 Meningoencephalitis 58/M 5 57 Neg NR R

5 Myelitis 23/F 2 35 Neg NR R

6 Myelitis 32/F 0 54 Neg NR R

7 Myelitis 18/M 309 890 Pos NR NR

8 Encephalitis 54/F 26 44 Neg NR NR

**9 Follow up 3 38 Neg NR NR

10 Encephalitis 16/F 2 15 Neg NR NR

11 Encephalitis 3/F 106 16 Neg NR NR

12 Encephalitis 54/F 8 23 Neg NR R

13 Encephalitis 46/F 3 24 Neg NR NR

14 Encephalitis 60/M 6 40 Neg NR R

15 Encephalitis 90/M 1 45 Pos NR R

16 Encephalitis+HIV 35/F 1 49 Neg NR R

17 Encephalitis 40/F 170 49 Neg NR R

18 Encephalitis 35/M 40 69 Neg NR R

19 Encephalitis 61/M 96 81 Neg NR R

20 Encephalitis 44/F 2 30 Neg NR R

21 Meningitis 1/F 2 15 Neg NR R

Continue...
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Table 4. Association between different dilutions of 
Enzyme‑Linked Immunosorbent Assay and polymerase 
chain reaction for herpes simplex virus with cell count in 40 
cerebrospinal fluid samples from 38 patients with a suspected 
diagnosis of herpes simplex virus infection in the central 
nervous system.

Tests (dilution) Cell count Median (min–max) p-value

EIA (1:40) (cytologyitologia)

Reactive 15 (2–28)
0.615

Non-reactive 15.5 (0–390)

EIA (1:2)

Reactive 8.5 (0–331)
0.113

Non-reactive 74 (1–390)

PCR

Positive 261 (1–390)
0.010

Negative 8.5 (0–283) EIA: Enzyme-Linked Immunosorbent Assay; PCR: polymerase chain reaction.

Table 5. Association between different dilutions of Enzyme‑Linked 
Immunosorbent Assay and polymerase chain reaction for herpes 
simplex virus with protein dosage in 40 cerebrospinal fluid 
samples from 38 patients with a suspected diagnosis of herpes 
simplex virus infection in the central nervous system.

Tests (dilution) Protein median (min-max) p-value

EIA (1:40) 

Reactive 215 (48–382)
0.185

Non-reactive 38.5 (15–890)

EIA (1:2)

Reactive 46.5 (15–382)
0.197

Non-reactive 33 (15–890)

PCR

Positive 95 (37–890)
0.006

Negative 37 (15–382)

Samples Clinical diagnosis Age/
gender Cell count/mm3 Protein mg/dL PCR IgG anti- HSV EIA

 (dilution 1:40)
IgG anti- HSV EIA 

(dilution 1:2)

22 Meningitis 3/F 75 24 Neg NR R

23 Meningitis 72/M 1 25 Neg NR NR

24 Meningitis 3/M 229 29 Neg NR NR

25 Meningitis 36/F 4 31 Neg NR R

26 Meningitis 33/F 187 37 Pos NR NR

27 Meningitis 38/M 283 45 Neg NR NR

28 Meningitis 36/M 2 48 Neg R R

29 Meningitis 48/M 11 54 Neg NR R

30 Meningitis 15/F 128 60 Neg NR R

31 Meningitis 55/M 1 89 Neg NR R

32 Meningitis 51/F 331 91 Pos NR R

33 Meningitis 42/M 213 99 Pos NR R

34 Meningitis 25/F 390 118 Pos NR NR

35 Meningitis+HIV 39/F 28 382 Neg R R

36 Meningitis 55/M 20 21 Neg NR R

37 Meningitis+HIV 6/M 208 36 Neg NR R

38 Meningitis Sepse 1/F 8 18 Neg NR NR

39 Meningoencephalitis 1/M 123 27 Neg NR NR

40 Myelitis 26/M 42 56 Neg NR NR

n: number of the serum and CSF samples, F: female, M: male; NR: non-reactive, R: reactive; *CSF control sample of sample 1 (same patient); EIA: Enzyme‑Linked 
Immunosorbent Assay; PCR: polymerase chain reaction; **CSF control sample of sample 8 (same patient). Reference values: cell count ≤4 cells/mm3; 
protein ≤40 mg/dL.

Table 3. Continuation.

we adapted a serological assay for the detection of anti-HSV 
IgG for CSF analysis, since the commercial kits usually used 
are for the evaluation of serum samples12. Specific EIA tests for 
serum are used in the laboratory routine for CSF analyses, not 
rarely without previous adaptation. Otherwise, some criteria 

are important for the validation of a diagnostic method: its 
results must corroborate the suspected diagnosis, be evalu-
ated repeatedly and reproducible in the same and in differ-
ent laboratories8,12. Nonetheless, the validation of methods for 
CSF analysis may present some limitations in its applicability, 
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sensitivity (65%) for the detection of lower concentrations 
of antibodies found in the 40 CSF samples of the 38 patients 
with suspected HSV infection in their CNS. There was no 
agreement between PCR with EIA at various dilutions, since 
immunological tests became reactive around the tenth day 
after the onset of the first symptoms, whereas the PCR was 
positive at the onset of the disease, before treatment16.

The results of the molecular biology test on HSV infection 
in the CNS can be influenced by the duration of symptoms and 
the use of anti-viral drugs17. Although PCR represents gold‑stan-
dard for diagnosis (95% sensitivity and 100% specificity), its 
sensitivity decreases after the acute phase of the disease, due 
to reduced virus replication activity18. At this time, the immune 
system begins to produce specific antibodies against the viral 
agent, which may persist for years6,7. The concentration of HSV 
antibodies in CSF can increase up to four times, reaching sensi-
tivity at 85% detection after one month of disease onset14.

This study demonstrates the importance of a previously 
adaptation of commercial serological tests for use in CSF 
samples to obtain higher accuracy. The adaptation of dilution 
for CSF was a good alternative for retrospective screening of 
specific anti-HSV IgG antibodies in the CSF. It may contrib-
ute to the CNS HSV diagnosis in suspected cases when PCR 
is already negative. The combined analysis of immunological 
tests and PCR showed a greater comprehensiveness in the 
HSV infection in the CNS, considering the different stages of 
the disease. Viral DNA detection was predominant in inflam-
matory CSF samples consistent with the acute and active 
phase of the disease. Such findings confirm that the signs of 
acute inflammatory CSF represents a marker for HSV activity. 
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such as noble sample obtained with invasive methods, scarce 
material and few standardized tests for use as reference or 
gold standard. For the development of a new laboratory test, 
there are some accepted methodologies. One of them consists 
of comparing the results of a laboratory test to a clinical diag-
nosis, based on the symptoms and/or physical exams of the 
patients that make up the analysis8,12. These are situations in 
which an imperfect pattern is accepted, which, although not 
considered ideal by the consensus of experts, may still provide 
results that are closer to the diagnostic reality8,12.

The clinical diagnosis suspicion of HSV infection in the 
CNS together with CSF findings (cell counts, protein and glu-
cose dosage, exclusion of other infections) was the reference 
in this analysis. The immunological tests and PCR were used 
to support the laboratorial diagnosis. This type of approach 
poses limitations in the case of retrospective evaluations, but 
it is more comprehensive because it allows analyzing distinct 
phases of the disease (multiple parallel tests). Not all patients 
were in the acute phase, or untreated, to consider PCR as the 
gold standard, although this was done in all of them. In fact, 
the reactive anti-HSV IgG by EIA is not a definition criteria 
for acute infection in the CNS, but may be helpful to support 
the retrospective diagnosis. 

Most of the patients (77.5%) presented a CSF examination 
compatible with viral infection (pleocytosis with lympho-
cyte predominance and/or hiperproteinorrachia and nor-
mal glucose). Pleocytosis (>4 cells/mm3) and hiperproteinor-
rachia (>40 mg/dL) were found in 65 and 50% of the cases, 
respectively. Ward et  al.13 found pleocytosis in 75% (12/16) 
of the CSF samples analyzed for patients with HSV infec-
tion in the CNS, whereas hiperproteinorrachia was detected 
in 71.4% (10/14) of them. In accordance  with our results, 
Whitley reported that 50% of the individuals with herpetic 
encephalitis showed a normal concentration of protein in the 
first week of the infection14. Riera-Mestre et al. described an 
increase in leucocytes count in 77% of the CSF samples of 35 
patients with encephalitis by HSV, and the protein concen-
tration remained >40 mg/dL in 94.3% of the cases15.

In relation to the comparison between the EIA tests in the 
present study, the dilution 1:40 of CSF samples showed excel-
lent results in the repeatability and reproducibility assays. 
There was no agreement between 1:2 and 1:40 dilutions of 
EIA. The lower dilution (1:2) presented good laboratory per-
formance (repeatability and reproducibility), besides a higher 
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