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1 | INTRODUCTION

Background: Little is known about the involvement of herpes simplex virus (HSV) or
Mycobacterium tuberculosis (MTB) as potentially curable causes of central nervous
system (CNS) infections in sub-Saharan Africa.

Obijective: In this study, we developed a PCR assay dedicated to simultaneous testing
of HSV1/HSV2 and MTB in Burkina Faso, a country where HSV is neglected as a
cause of CNS infection and where TB prevalence is high.

Methods: A consensus HSV1/HSV2 set of primers and probe were designed and
combined to primers and probe targeting the 1IS6110 repetitive insertion sequence of
MTB. Analytical performances of the assay were evaluated on reference materials.
Cerebrospinal fluid (CSF) collected from subjects with aseptic meningitis was tested
for HSV1/HSV2 and MTB DNA.

Results: The UL29 gene was chosen as a highly conserved region targeted by the
HSV1/HSV2 nucleic acid test. The lower limits of detection were estimated to be
2.45 copies/puL for HSV1, 1.72 copies/uL for HSV2, and 2.54 1S6110 copies per puL
for MTB. The PCR was used in 202 CSF collected from subjects suspected of aseptic
meningitis. Five samples (2.46%) tested positive, including two children positive for
HSV1 (0.99%) and three adults tested positive for MTB (1.47%).

Conclusion: Using an in-house real-time PCR assay, we showed that both HSV and MTB
are etiologic pathogens contributing to aseptic meningitis in Burkina Faso. This molecu-
lar test may have clinical utility for early diagnosis for those treatable CNS infections.
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considered as having aseptic meningitis and/or encephalitis. Clinical
presentation of aseptic meningitis and of bacterial meningitis is sim-

Infections of the central nervous system (CNS) are responsible for
approximately 530 000 deaths throughout the world each year.!
Patients with clinical and laboratory evidences for CNS infections
but in whom common bacterial agents cannot be identified by con-
ventional bacterial culture in the cerebrospinal fluid (CSF) can be

ilar, whereas encephalitis manifests with altered cognition, seizures,
and focal neurological dysfunction. The distinction between asep-
tic meningitis and encephalitis may be difficult since patients may
have both signs of meningitis and altered mental status with sen-
sory deficit. The clinical presentation of the different types of CNS
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infections may be nonspecific and can overlap, but viral meningitis
is usually less severe, whereas viral encephalitis and bacterial men-
ingitis are associated with a significant mortality. Viruses including
those from the Herpesviridae family are the most common cause
of acute aseptic inflammation of meninges and brain.?® Among
them, herpes simplex virus (HSV) is regularly reported as a current
and severe cause of encephalitis in high-income countries. Other
pathogens associated with meningitis and meningoencephalitis in-
clude Mycobacterium tuberculosis (MTB) which is responsible for a
particularly deadly and disabling form of meningitis.8

In African settings, aseptic meningitis is thought to be com-
mon, but the relative contribution of potential etiologic patho-
gens remains largely unexplored.’ In countries located in the
“meningitis belt” such as Burkina Faso, CSF samples are generally
tested for the three main causative bacteria Neisseria meningitidis,
Streptococcus pneumoniae, and Haemophilus influenzae by culture,
antigen detection, and PCR.1%!! However, only about a quarter
of suspected cases are laboratory-confirmed with these tests.!?
Little is known about the prevalence of HSV and MTB as agents
responsible for severe but potentially curable aseptic meningo-
encephalitis in sub-Saharan Africa.'®'* |dentification of MTB and
HSV in CSF is important since a specific chemotherapy is required
for these pathogens.

The purpose of the present study was to improve the laboratory
diagnosis of HSV1/HSV2 and MTB using an in-house duplex nucleic
acid assay and to screen CSF samples collected from febrile patients

clinically suspected of CNS infections in Burkina Faso.

2 | MATERIAL AND METHODS

2.1 | Standards, controls, and clinical specimens

World Health Organization (WHO) international control for human
herpes simplex virus type 1 and 2 was obtained from the National
Institute for Biological Standards and Control (NIBSC; Hertfordshire,
UK, product number 08/224-005 and 08/226-005, respectively).
Mycobacterium bovis bacillus Calmette-Guerin (BCG) strain was ob-
tained from the Montpellier Infectiology Research Institute (IRIM,
Montpellier, France). The target sequence of the MTB PCR assay is
the 1S6110, present in a single copy in BCG but in an average of 10
reiterations in MTB strains.!®

A total of 202 archived clinical CSF samples collected between
2014 and 2015 in the context of the nationwide meningitis surveil-
lance in Burkina Faso (Centre Muraz, Bobo-Dioulasso) from patients
with meningitis symptoms were tested for HSV and MTB DNA.
Criteria for inclusion were a CSF white cell count >5 cells/mm?, nega-
tive CSF Gram stain, negative routine culture using, negative menin-
gococcal PCR, negative latex agglutination assays for S. pneumoniae;
H. influenzae type b; N. meningitidis, group A; group B/Escherichia coli
K1; group C; group Y/W135; and Streptococcus group B (kit Pastorex
Meningitis; Bio-Rad, Marnes-la-Coquette, France).'® All samples
were anonymized and stored at -20°C.

2.2 | DNA extraction

DNA extraction was performed using Chelex-100® (Bio-Rad; 100
Resin #1432832), as previously reported.”’18 This method chelates
cations including Mg2+, which is an essential cofactor for DNases,
preserving the DNA released after lysis of bacterial wall. This
method was previously used for mycobacterial and HSV DNA ex-
traction from CSF samples.'®? In this procedure, 200 pL of CSF
samples was added to 100 pL of 20% of a Chelex-100 suspension
prepared in molecular water and mix vigorously. The suspension was
heated for 20 minutes at 95°C. The boiled mixture was centrifuged
to pellet out the Chelex-100 resin, and 50 pL of supernatant was re-
tained for PCR. Extracted DNA was kept at -20°C until PCR testing.

2.3 | Real-time PCR duplex

Primers and a probe were designed using the PRIMER 3 PLUS soft-
ware. Published HSV-1 and 2 sequences were analyzed using BLAST
software sequence alignment tool to identify a single set of primers
and a probe for both HSV type 1 and type2. Primers and probe for
MTB nucleic acid test were designed within the 1S6110 insertion se-
quence. The IS6110 gene is a multiple repeated sequence frequently
used for in-house and commercial MTB PCR methods.?’% The am-
plified DNA sequences were a 66-bp region of the 1S6110 insertion
elements which occur most of the time in multiple copies in the MTB
genome.?* For each PCR, 5 pL of DNA extract was added to 15 L
of master mixture incorporating 1.6 puL of HSV forward and reverse
primers at 10 umol/L, 0.4 uL of probe (FAM—TAMRA) at 10 umol/L,
1.2 uL of MTB 1S6110 forward and reverse primers at 10 umol/L,
0.6 uL of ISP probe (Cy5—BHQ2) at 10 umol/L, 4 uL of 5x TagMan
Master Mix (Omunis, Clapiers, France), 0.8 uL of DMSO, and 6.4 uL
of RNase/DNase-free water.

Reaction consisted of 2 minutes at 50°C, 10 minutes at 95°C
followed by 45 cycles of 15 seconds at 95°C, and 1 minute at 60°C
each. The duplex PCR assays were performed using a LightCycler
480 Il Real-Time PCR Instrument (Roche Diagnostics GmbH,
Mannheim, Germany), and amplification data were analyzed using
the LightCycler 480 Software (Roche Diagnostics). All samples tested
positive for HSV using the duplex PCR were tested by the RealStar®
HSV PCR Kit 1.0 (Altona Diagnostics, Hamburg, Germany) to dis-
criminate HSV type 1 vs type 2 on the same apparatus. All results
are expressed as copies/uL of eluate.

2.4 | Determination of the analytical
performance of duplex PCR

The limits of detection (LOD) for HSV1/HSV2 and MTB were de-
termined using serial concentrations of HSV1/HSV2 and BCG in at
least 10 separate runs. The linearity of duplex quantitative poly-
merase chain reaction (PCR) technique was established by testing
in 24 separate PCR runs performed on serial dilution of the DNA
samples ranging from 6.05 x 10° to 6.05 x 10* copies/pL for HSV1,
9.27 x 10° to 9.27 copies/pL for HSV2, and 3.42 x 10° to 3.42 x 10!
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TABLE 1 Description of primers and Genome region
probes Microorganisms Primers’ sequence (5’ 3') amplified Amplicon, bp
HSV1/HSV2
Forward AAGAGCCGCGTGTTGTTC UL29 121
Reverse GTCCGAGGAGGATGTCCA
Probe CCTACCAGAAGCCCGACAAG
Mycobacterium tuberculosis
Forward CATGTCCGGAGACTCCAGTT 1S6110 66
Reverse GGTACCTCCTCGATGAACCA
Probe AAAGGATGGGGTCATGTCAG

HSV, herpes simplex virus.

genomic copies for MTB. Intra-assay variability of duplex PCR assay
was assessed by analyzing a single PCR run with nine replicates of
the same serial concentrations of HSV1/HSV2, and BCG DNA. The
inter-assay variability of duplex PCR technique was evaluated with
two different operators measured five times on separate PCR runs.
Duplex PCR assay specificity was assessed by testing 24 negative
CSF samples including two hepatitis B virus (HBV) DNA-positive
samples, two human immunodeficiency virus (HIV) RNA-positive
samples, two enterovirus-positive RNA samples, two leptospires
DNA-positive samples, two N. meningitidis DNA samples, two
S. pneumoniae DNA samples, and two H. influenzae DNA samples.

2.5 | Statistical analysis data

HSV1/HSV2 and MTB DNA concentrations were converted to Log,
values before performing statistical analysis. The LOD was defined
as the lowest DNA load detected in 95% of the times. The probit
regression analysis performed on SPSS was used to determine the
LOD. Coefficient of variation ([(SD/Means) x 100]; SD, the standard
deviation) was calculated to estimate intra-assay and inter-assay
variabilities. Continuous variables were described as median and in-

terquartile range (IQR).

3 | RESULTS
3.1 | Design of HSV1/HSV2 set of primers and
probe

Herpes simplex virus UL47, UL40, UL35, UL29, and UL15 were iden-
tified as highly conserved HSV genes, and among them, a target se-
quence nested in UL29 was selected. UL29 HSV1/HSV2 percentage
of homology is 52% and 100% in the PCR target sequence. Primers
allowed amplification of a 121 nucleic acid sequence (Table 1).

3.2 | Analytical performance of the duplex
PCR assays

Using serial concentrations on repeated runs, the lowest DNA concen-
tration giving 95% detection signal was 2.45 HSV1 DNA copies/uL (95%

confidence interval [Cl]: 2.22-2.84) (Figure 1A) and 1.72 HSV2 DNA
copies/pL (95% Cl: 1.55-1.93) for HSV2 (Figure 1B). The LOD of MTB
PCR was 2.54 156110 copies/uL (95% Cl: 2.27-2.99; Figure 1C). Good
linearity of the measures was observed with coefficients of determi-
nation R?=0.9999 (60.5-650 000 copies/uL) for HSV1 (Figure 2A),
R%=0.9989 (9.27-9270 copies/uL) for HSV2 (Figure 2B), and R?=1
(34.2-342 000 copies/uL) for MTB (Figure 2C). The coefficients of
intra-run and inter-run variation for each target with serial concentra-
tion are represented in Table 2. All 24 negative samples tested were
found negative for HSV1/HSV2 and MTB, conferring an analytical
specificity of 100% for the duplex PCR.

3.3 | HSV1/HSV2 and MTB testing in CSF from
patients with suspected meningitis

A total of 202 CSF samples collected from patients with aseptic
meningitis were tested for HSV and MTB DNA (Table 3). Sixty-five
per cent (65.8%) of the subjects were below 16 years of age. CSF
cellularity was most of the time moderately elevated with a median
(IQR) of 17 (8-67.75) cells/mm?.

Five out of 202 CSF samples (2.46%) were tested positive using
the HSV/MTB PCR. Two CSF (0.99%) were tested positive for HSV
DNA, and three (1.47%) were tested positive for MTB DNA. The two
HSV-positive CSF were confirmed positive for HSV type 1. These
samples were collected from two children aged 2 years and present-
ing paucicellular CSF. The three samples positive for MTB had been
collected from young adults and exhibited higher cellularity ranging
from 54 to 551 cells/mm?® (Table 3).

4 | DISCUSSION

Meningitis is an important health problem in sub-Saharan countries.
In Burkina Faso, meningitis accounts for 4% of all death representing
the 7th most frequent cause of death.?® Only a quarter of suspected
meningitis cases with CSF were laboratory-confirmed as either
S. pneumoniae, N. meningitidis, or H. influenza.*? Rapid and accurate
diagnosis is mandatory for allowing prompt and appropriate care im-

proving the clinical prognosis and minimizing debilitating sequelae.
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FIGURE 1 Detection limits of the HSV1/HSV2, and 1561160

PCR assays. Curves were determined by probit analysis (95%

95% y probability detection). A, The LOD was estimated at 2.45 copies/

e uL for HSV1; B, 1.72 copies/ulL for HSV2; and C, 2.54 copies/uL

: for 1S6110 using the BCG strain containing a single target copy of
1S6110. Dashed lines show 95% confidence interval for the analysis.

BCG, bacillus Calmette-Guerin; HSV, herpes simplex virus; LOD,

80

limits of detection

60 -
Furthermore, identification of the causative infectious agents yields
valuable epidemiological information. Due to its speed, sensitivity,
and specificity, the PCR method is now being established as a diag-
nostic tool of growing potential for the diagnosis of aseptic meningi-
26,27

Probability of detection (%)

tis and encephalitis.
In the first phase of this study, the analytical performance of the

PCR was determined using HSV standards and BCG strain. UL29
(ICP8) chosen as a highly conserved HSV gene is a single-stranded

2.45

0 2 4
HSV1 DNA copies/pl
linear DNA binding protein involved in the initiation of HSV replica-
tion.?®2? The assay demonstrated a limit of detection around 2 cop-
100 /. B ies/uL for HSV1/HSV2 and 2.5 1S6110 copies/uL for MTB. Taking
-7 into account a median number of ten 1S6110 copies per bacteria, the
analytical sensitivity of the PCR can be estimated around 250 copies

9% S/ )
of MTB/mL. The sensitivity of the assay for HSV DNA was compa-
30.31 and probably sufficient to

(B)

8o -,
@/,
HA rable to others HSV nucleic acid tests
detect most of the HSV CNS infections regarding viral load generally

21

*0 , observed in CSF.%2 However, a better sensitivity for HSV detection,
: able to detect <500-200 HSV DNA copies/mL, would be prefera-
ble to detect some of the specimens with low HSV DNA concentra-
tion.®® The cation exchanger Chelex 100 requires less than an hour

ol
HL
! for DNA extraction and is especially inexpensive.

In the second phase of the evaluation, we explored HSV and MTB

20 - ¢

Probability of detection (%)

as pathogenic agents possibly involved in severe aseptic meningitis
in a setting where HSV is neglected as a cause of CNS infection and

0 ¢ ‘
4 6 TB prevalence is high.
Two children aged 2 years were tested positive for HSV in the

HSV2 DNA copies/pl

CSF and confirmed HSV1. HSV1/HSV2 are important causes of CNS
infections particularly among children and immunocompromised pa-
tients. HSV induces a large spectrum of presentation: meningitis, my-
elitis, radiculitis, and encephalitis that are associated with a mortality

©)
100
80 - estimated to 70% in absence of acyclovir/valacyclovir treatment.3*
HSV1 was identified in CSF collected from of 2% to 4% of adults
and children with aseptic meningitis or encephalitis from Malawi®®
and Sudan.® In a prospective study conducted in Malawian children
with suspected viral CNS infection, HSV1 was detected in eight out
of 513 cases (1.5%).%” A similar study conducted in Bonn University
Hospital, Bonn, Germany, reported a prevalence of 0.3% for HSV.*®
Other studies reported a prevalence of 1.5% for HSV1 in Korea®
and 1.4% in Georgia.*® HSV1 was also reported in 3.4% and 6.5%
in two studies conducted in adults living in Vietnam.**? Children
are probably affected by HSV CNS infection during primary infec-
tion, whereas HSV reactivation is involved in adults. HSV2 was not
detected in our study, but HSV2 has been reported as a cause of
43-45

BCG DNA copies/pl
recurrent aseptic meningitis in immunosuppressed individuals.

60 -

Probability of detection (%)
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(A) FIGURE 2 Duplex HSV1/HSV2 and Mycobacterium tuberculosis
40 PCR standard curves established by means of serial dilutions of
y =-3,5475x + 39,041 DNA. The HSV1 standard curve is represented by (A), the HSV2
35 R*=0,9999 standard curve by (B), and the BCG DNA standard curve by (C).
- BCG, bacillus Calmette-Guerin; HSV, herpes simplex virus
"9" 30
% 25 TABLE 2 Intra- and inter-assay results of PCR
§ 20 DNA log i
'i . copies/p.ili) Intra-run Inter-run
S HSV1
& 10 Sample 1 478 0.42 2.03
5 Sample 3 3.78 0.24 1.66
Sample 3 2.78 0.29 1.40
0 ) 4 6 3 Sample 4 1.78 0.79 0.76
HSV1 DNA Log10 copies/jl HSV2
Sample 1 2.96 0.38 1.08
Sample 2 1.96 0.86 0.5
Sample 3 0.96 0.77 1.41
(B) 40 y = -3,451x + 38,054 Mycobacterium tuberculosis
R2 =0,9989 Sample 1 4.53 1.49 2.01
* Sample 2 3.53 1.86 1.52
8 30 Sample 3 2.53 0.59 2.29
5 - Sample 4 1.53 0.86 114
_8 HSV, herpes simplex virus.
4 20
= Regarding MTB, the proportion of aseptic meningitis attribut-
% 15 able to this pathogen is thought to vary by location according to the
6‘ 10 overall frequencies of tuberculosis and HIV.® Tuberculous meningitis
remains an important cause of death in young children and immuno-
5 compromised adults living in endemic areas. The highest rates were
0 observed in South Africa with up to 30% of all adult meningitis.*¢4
1 2 3 4 5 In a recent study in Uganda, a diagnosis of tuberculous meningi-
HSV2 DNA L°91o copies/pl tis was confirmed in 4% of children suspected of meningitis‘49 Data
C) are missing in West African countries where HIV prevalence is lower.
( The prevalence of MTB observed in our study (1.5%) is close to a
a0 report from Niger where 1.9% of confirmed cases of bacterial men-
y =-3,627x + 38,673 ingitis were caused by MTB.*°
35 2=1 Multiplex assays for diagnosis of meningitis are commercially avail-
= 30 able, for example, BioFire,51’52 SeeGene”® and Fast Track diagnos-
e tics,>* and Clart Entherpex Genomica.®° Panels used in these assays
% 25 include HSV1/HSV2 but not MTB. BioFire and SeeGene panels include
é 20 S. pneumoniae, H. influenzae, N. meningitidis testing that are requested
I: in Africa, whereas for Fast Track kits, a separate bacterial panel is
g 15 needed to test these pathogens. Furthermore, some assays cannot be
g 10 performed on open and polyvalent PCR platform; hence, a dedicated
o automated apparatus is needed for the BioFire assay while SeeGene
5 use a specific microchip electrophoresis system. The implementation
of these syndromic diagnostics tests has just started, but cost of the
0 1 5 3 4 g 6 tests remains one of the limitations for a large scale-up in routine.

BCG DNA Log10 copies/ml

The results presented here show a highly specific, sensitive,

and reproducible duplex PCR assay using a fast, simple, and
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TABLE 3 Demographics, CSF

Patient with characteristics, and detection of
diagnosis CSF WCC cell/ Age median h R ’ d MTB in 202 patient
Aetiology N, (%) N = 202 mm? (IQR) (range) Sex ratio H/F erpesvinises and ML In £U2 patlents
with suspected aseptic meningitis
HSV1 2 17 and 22 2and 3 0/2
HSV2 0 - - -
Mycobacterium 3 103 (54, 551) 26 (5-28) 3/0
tuberculosis
Non-reactive 197 17 (8, 64) 7 (1-85) 1.13

CSF, cerebrospinal fluid; HSV, herpes simplex virus; IQR, interquartile range; WCC, white cell count.

reliable DNA extraction method for the detection of HSV1/HSV2
and MTB. This one-step assay can be easily implemented in the
clinical laboratory equipped with open and polyvalent real-time
PCR apparatus. The assay can also be used as a screening tool
when large numbers of samples need to be tested, such as for
epidemiological studies. Implementation of the assay in rou-
tine practice would request the use of external quality controls.
Aseptic meningitis caused by HSV or MTB diagnosed by a molec-
ular test constituted only a small proportion of the CSF samples
in our setting. The high proportion of cases meeting the criteria
for aseptic meningitis and without etiologies may be due to en-
teroviruses which represent the most common etiological agents

5557 and arbovirus.

of aseptic meningitis in high-income countries
Consensus enterovirus primers may be included in the stepwise
improved format of our multiplex assay. In addition, cases of TB
infections have been possibly missed since the performances of
MTB PCR assays are not optimal for the diagnosis of tuberculous
meningitis.>®

Access to nucleic acid tests has slowly increased in low-income
countries, but remains largely insufficient. Molecular diagnosis re-
mains limited to a restricted number of infections such as HIV and
tuberculosis. Development of polyvalent PCR platforms may con-
tribute to enlarge the range of pathogens tested by molecular as-
says, including herpesviruses. These latter tests may also enable
reduction of reagent costs. The cost of acquiring an open polyvalent
PCR platform with automated extraction and real-time thermocycler
is generally over 30 000$, but these apparatuses are part of the ex-
isting equipment in central laboratories. Furthermore, in this study
a Chelex®-based method was used for extraction of HSV and MTB
DNA. This method is rapid, efficient with a low risk for laboratory-in-
duced contamination since all the procedure can be carried out in a
single tube as recently reported.”” The expense for Chelex® method
is very low as compared to the commercial methods based on sil-
ica columns or magnetic beads costing from 2 to 6$ per test, which
makes it particularly advantageous in low-income countries. Future

developments may include used of lyophilized reagent for the PCR.

5 | CONCLUSION

In this study, we developed a PCR test dedicated to HSV1/2 and
MTB detection. Our results show that HSV and MTB are etiologic

agents of aseptic meningitis in Burkina Faso, and this molecular tool
used under routine conditions has the potential to facilitate early
detection and treatment.
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