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Abstract

To study the existence of coinfection of the meninges caused by Neisseria meningitidis, Herpes simplex virus-1
(HSV-1) and Herpes simplex virus-2 (HSV-2) in the CSF of patients admitted with neurological disorders. 92 CSF
samples collected from patients having neurological ailments were subjected to the microbiological analysis for the
detection of possible bacterial etiology. In order to screen the viral coinfection, DNA was extracted from the samples
found positive for bacterial presence. Extracted DNA was amplified for the presence of glycoprotein G gene of HSV-1
and HSV-2. Of the 92 samples, 20 samples (21.7%) found infected with Neisseria meningitidis (Nm). PCR results
highlighted that of this 20, 8 samples (40%) were found coinfected with both HSV-1 and HSV-2 in addition to the Nm.
Whereas, 12 samples (60%) were found negative for the viral etiology. Moreover, out of 8 samples showed viral and
bacterial conifection, 5 (62.5%) were from female patients. Whereas 3 (37.5%) were from male patients. Findings
from present study provide a considerable evidence of existence of bacterial and viral i.e. Nm and HSVs coinfection
in CSF of the patients with neurological disorders. Nonetheless, use of microbiological and molecular testing methods
in medical diagnostic laboratories and hospitals are pivotal to differentiate between bacterial and viral meningitis and

even detect coinfection of both etiologies.
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Introduction

Meningitis is established to be the most severe and potentially
fatal infection of central nervous system (CNS) involving the risk for
permanent disability among survivors [1,2]. This infection is mainly
attributed to different bacterial and viral etiologies thus, referred as
bacterial meningitis (BM) and viral meningitis (VM) respectively [1,
3,4]. Neisseria meningitidis is commonly responsible for BM [5-9]
whereas herpes simplex viruses (HSVs) are the main cause of VM [10-
12].

Extensive literature review has suggested several studies reporting
individual infections of both type of aforementioned meningitis [6-
12]. Although, coifections of CNS with microorganisms of quite
different texa are extremely rare [13] Nonetheless, evidences suggested
that infections have been described with two bacterial species [14]
Furthermore, simultaneous infection of CNS caused by bacterial
i.e. Streptococcus pneumoniae and viral etiology i.e. HSVs has been
reported as well [2,13].

CNS pathogen may adopt various mechanisms to cause dual
infections. This may include a well-documented fact that viral
infections of the CNS surpass bacterial infections [15,16]. Furthermore,
HSVs becomes latent in dorsal root ganglia subsequent to the
primary infection. Reactivation of these viruses may occur by several
stimuli including febrile illnesses, stress and immunosupperation
[13] and other diseases where these viruses might not constitute
the aetiopathogenic agents [17] In addition, another important
mechanism of viral and bacterial coinfection was studied by Wang
et al. mentioning that significant damage to nasal mucosa caused by
bacteria favours the establishment of viral infection [18]. Although
clinical relevance of these coinfections may not be clear; however, it is
tempting to speculate about the interplay between viral and bacterial
CNS infections, for example by facilitating the entry of one or the other
into the CNS compartment.

Since the detection of viral and bacterial coinfection of the
meninges is not routine in many medical laboratories and hospitals in
Karachi. Consequently, the diagnosis of this fatal infection with varied
etiology may be missed. Therefore keeping in view, present study was
aimed out to determine the existence of coinfection of the meninges
caused by Neisseria meningitidis, Herpes simplex virus-1 (HSV-1) and
Herpes simplex virus-2 (HSV-2) in the CSF of patients admitted with
neurological disorders.

Materials and Methods
Chemicals

Unless otherwise stated, all the analytical grade chemicals and
formulated bacteriological media were purchased from Merck,
Frankfurter, Darmstadt, Germany. Polymerase chain reaction (PCR)
reaction mix was purchased from Promega, Madison, Wisconsin,
USA.

Study design

Present study is a sub-analysis of cerebrospinal fluid (CSF) samples
collected randomly from the patients admitted with neurological
ailments in the two major government hospitals of Karachi, Pakistan
[9]. Sample collection was carried out subsequent to the consent
and approval of lab authorities. All informed patients were given
a questionnaire for their consent prior to inclusion in the study. All
procedures performed in this study involving human participants
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were in accordance with the 1964 Helsinki declaration and its later
amendments.

All the collected CSF samples were aliquotted and stored at -80°C
immediately. CSF samples proven the presence of meningitis bacteria
i.e. Neisseria meningitidis (Nm) subsequent to the microbiological
processing as previously described [9] were included in the present
study. An analytical cross-sectional study design was used to conduct
the study reported herein.

Isolation of Neisseria meningitidis

Isolation and identification of bacterial etiological agent was
carried out according to the previously described study conducted in
our lab [9]. Briefly, different culture media i.e. nutrient agar, blood
agar and chocolate agar were separately streaked with 10 pL of CSF
samples. The experiment was run in duplicate and all plates were
incubated overnight at 37°C. Bacteria were identified on the basis of
visual colonial characteristics, cellular morphology, and standard
biochemical reactions.

Total 20 Nm positive CSF samples were additionally checked for
the presence of Herpes simplex virus 1 (HSV1) and Herpes simplex
virus 2 (HSV2) and for the occurrence of their coinfection.

Total DNA extraction

For total cellular DNA extraction, 150 uL of CSF was mixed with
150 pL of cell lysis buffer (containing 2 mg/mL proteinase K in 1 M
Tris-HCl (pH 8.0), 0.1 mM ethylenediamine tetraacetic acid, and 5%
(w/v) sodium dodecyl phosphate) and incubated at 37°C for 1 hour.
The lysed samples were extracted twice with equal volume of phenol
and chloroform-isoamyl alcohol (24:1), both steps followed by a
centrifugation step at 5000 rpm for 2 min. DNA was precipitated by
adding 2.5 volumes of chilled absolute ethanol and placed overnight at
-20°C. The DNA was centrifuged at 13,000 rpm for 20 minutes at 4°C.
The DNA pellet was washed with 70% ethanol. After air-drying, the
DNA was dissolved in 25 pL of sterile distilled water (D/W). Extracted
DNA was quantified spectrophotometrically at 260 nm.

PCR reaction

PCR amplification was carried out using GoTaq" Green Master
Mix (Promega). For each PCR reaction, the 25 uL reaction mixture
contained 12.5 uL of Master Mix, 6.5 uL of the D/W, 2 uL of
each forward and reverse primer and 1.7-194 ug of the template.
Furthermore, two different sets of viral specific primers targeting
glycoprotein G genes reported elsewhere [19] were selected to carry
out PCR. The temperature profile used for the PCR is summarized in
(Table 1). Amplified PCR products were detected by agarose gel (2%)
electrophoresis and gels were visualuzed using GelDoc (BioRed, USA)
after staining with ethidium bromide.

Primer

Results

Total ninety-two cerebrospinal fluid (CSF) samples were screened
for the presence of bacterial neuropathogens, out of which, 20 samples
(21.7%) found infected with Neisseria meningitidis (Nm). Cellular
DNA quantification profile of these Nm positive CSF samples showed
that 8 samples (40%) high yield of DNA i.e. 60.931 pg/mL, whereas the
amount of quantified DNA in 12 samples (60%) was found to be of
moderate concentration i.e. 24.18 pg/mL (Figure 1).

Furthermore, the results of PCR (Figure 2) highlighted that out of
this 20 samples, 8 (40%) revealed the presence of viral coinfection of
both HSV-1 and HSV-2 in addition to the Nm. Whereas, 12 samples
(60%) were found to be infected with Neisseria meningitidis exclusively.
In contrast, (Figure 3) describes the frequency of the coinfection in the
CSF samples of patients.

Moreover, the results of the present study indicated out of 8
samples showed viral and bacterial conifection, 5 (62.5%) were from
female patients. Whereas 3 (37.5%) were from male patients (Figure 4).

Disscussion

The study herein reported is the first study to provide a better
overview of the bacterial and viral coinfection in the cerebrospinal fluid
(CSF) of patients suspected different neurological disorders.

Existence of the coinfection was evaluated initially by screening
of bacterial etiology. Therefore 92 CSF samples were analyzed for the
presence of bacterial neuropathogen. The results of the present study
indicated that 20 samples (21.7%) showed infection with Neisseria
meningitidis (Nm) subsequent to the standard microbiological and
biochemical examination. These results are in line with the findings
of other authors [6-9] who reported Nm as the principle pathogen of
bacterial meningitis (BM).

Since the detection of viral and bacterial coinfection of the meninges
is pivotal from the standpoint of both diagnosis and to better manage
the infection. Consequently, reflecting the local epidemiological
trend of the microbial agents associated with neurological disorders.
Therefore, Nm positive CSF samples were additionally screened for
the presence of Herpes simplex virus-1 (HSV-1) and Herpes simplex
virus-2 (HSV-2). Our results showed a considerable rate (40%) of
coinfection of HSV-1 and HSV-2 in CSF samples that have already
showed the infection of Nm (Figures 2 and 3). Since the lifelong
latency of HSV's in neuronal cells is the characteristic feature of these
viruses [17] therefore, the results of current study can be explained by
the fact that the host complex immune response triggered by severe
BM can have a phase of decreased immunity i.e. immune paralysis,
[20] allowing latent HSVs to reactivate. Our findings can be further
supported by the fact that many patients of HSV infection may shed

S. No Virus Sequence Tm Reference
name
01 HS1F3 GCCGTTGTTCCCATTATCCC 59°C
X
02 ﬁ% & HS1B3 TACTTGGCATGGGGGGTG
03 2 E 2 HS1LPF TTGGTGGGAACCCCCGATAC s
o > 57°C
04 HS1LPB AACATGACCCAGACCGGCAC [9]
05 HS2F3 GGCCTTGACCGAGGACAC 58°C
x
06 g%c; HS2B3 CGACTCCACGGATGCAGT
07 L E 2 HS2LPF GCCGACACAGGGAGGGGCGT .
n > 64°C
08 HS2LPB GATGGCCACACAAGCCGCAA

Table 1: Primers used for Herpes Simplex Virus amplification.
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Figure 1: Cellular DNA quantification profile in CSF infected bacterial and viral etiological agents.
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Figure 2: PCR results of HSV-1 and HSV-2.
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Figure 3: Frequency of bacterial and viral coinfection.

Clin Infect Dis, an open access journal Volume 2 + Issue 2 + 1000108



Citation: Taj A, Jamil N (2018) Viral and Bacterial Coinfection in Patients with Neurological Disorders: An Analytical Cross-Sectional Study from

Karachi. Clin Infect Dis 2: 108.

Page 4 of 5

Figure 4: Gender distribution in individuals showed bacterial and viral coinfection.

= Male

= Female

low levels of viruses continuously without demonstrated reactivation
[21] In current scenario it can be hypothesized that these viruses were
present latently in the cells of CNS. They may get activated after the
occurrence of meningococcal infection where this bacterium served as
strong stimulus for the viral reactivation.

Interestingly, all the CSF samples showed bacterial and viral
coinfection, were collected from the local government hospitals
of Karachi. People living in shanty towns belonging to the low
socioeconomic status were the common visitors of these hospitals.
Therefore, despite of the aforementioned possible clinical causes of
coinfection, stressful conditions due to compromised socioeconomic
status may also be another cause of viral reactivation. The results of
the present study are in accordance with the findings of Padgett et al.
[22] who reported that physcological and social stress significantly
contribute in the reactivation of the HSV-1.

DNA quantification profile of CSF samples revealed coinfection
rendered the high yield of the DNA concentration i.e. 60.931 ug/mL
(Figure 1). This result may be explained by the fact that HSVs may
stimulate the apoptosis in the infected cells which may lead to either
loss or dysfunctioning of the cells of CNS. Neuronal and/or glial cell
breakdown during viral infection yields end products which seem to
be deleterious for the healthy cells and may facilitate the secondary
infection. Our results are consistent with the study of other researcher
(23] who concluded that HSVs induced neural cell oxidative tissue
damage and cytotoxicity by activating microglial cell reactive oxygen
species through a toll like receptor-2 (TLR2) dependent mechanisms.
This may contribute to the neurodegeneration both in peripheral and
central nervous system that may leads to the permanent disabilities in
the survivors of these infections.

Conclusion

Present study provides a considerable evidence of existence of
bacterial and viral i.e. Nm and HSVs coinfection in CSF of the patients
with neurological disorders. It is noteworthy to state hererein that
coinfection of varied aetiologies greatly enhances the sensitivity of host
immune, peripheral and central nervous system to subsequent exposure
to microbial bioactive molecules. Therefore, patients suspected for BM,
VM and even coinfection of both may be kept under strict observation
even after convalescence. Furthermore, use of microbiological and
molecular testing methods should be required in medical diagnostic

laboratories since they can differentiate between bacterial and viral
meningitis and even detect coinfection of both etiologies. This
would be immensely helpful to shorten hospital stays for patients
and avoid unnecessary use of antibiotics. Since antibiotics would not
effectively cure the infection if the cause is of viral origin therefore
correct diagnosis is pivotal. Nevertheless, present study constitutes
a small number of CSF samples which was mainly due to difficulty
of CSF sample acquisition from the aforementioned hospitals. This
can be explained by the fact that very small number of CSF samples
is being considered by the clinicians to be checked for the presence
of BM. However, it is suggested that such study must be carried out
continuously to establish the surveillance department in the hospitals
to acquire the information about the modality of epidemic, pandemic,
prevailing and existing disease programme.

Conflict of Interest

The authors of this manuscript declare that they have no conflict
of interest.

Authors’ Contributions

Conceived and designed the experiments: NJ. Collection of
the samples: AT. Experimental work: AT. Analysis of the data and
Conclusion: AT, NJ. Writing of the manuscript: AT. All authors read
and approved the final manuscript.

Financial Support

Indigenous  scholarship provided by Higher Education

Commission, Islamabad (HEC).
Acknowledgment

We would like to thank Higher Education Commission, Islamabad (HEC)
for providing the financial assistance in the form of Indigenous scholarship that
enabled us to complete this work feasibly in conducive manner.

Reference

1. Zhang JR, Tuomanen E (1999) Molecular and cellular mechanisms for
microbial entry into the CNS. J NeuroVirol 5: 591-603.

2. Ericsdotter AC, Brink M, Studahl M, Bengnér M (2015) Reactivation of herpes
simplex type 1 in pneumococcal meningitis. J Clini Virol 66: 100-102.

3. Akya A, Ahmadi K, Zehtabian S, Salimi A, Elahi A, et al. (2015) Study of
the frequency of herpesvirus infections among patients suspected aseptic
meningitis in the west of Iran. Jundishapur J Microbiol 8: €22639.

Clin Infect Dis, an open access journal

Volume 2 « Issue 2 + 1000108


https://doi.org/10.3109/13550289909021288
https://doi.org/10.3109/13550289909021288
https://doi.org/10.1016/j.jcv.2015.03.014
https://doi.org/10.1016/j.jcv.2015.03.014
https://doi.org/10.5812/jjm.22639
https://doi.org/10.5812/jjm.22639
https://doi.org/10.5812/jjm.22639

Citation: Taj A, Jamil N (2018) Viral and Bacterial Coinfection in Patients with Neurological Disorders: An Analytical Cross-Sectional Study from

Karachi. Clin Infect Dis 2: 108.

Page 5 of 5

. Van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB, et al. (2004)
Clinical features and prognostic factors in adults with bacterial meningitis. N
Engl J Med 351: 1849-1859.

. Schuchat A, Robinson K, Wenger JD, Harrison LH, Farley M, et al. (1997)
Bacterial meningitis in the United States in 1995. N Engl J Med 337: 970-976.

Catherine LT, Flower O (2012) Diagnosis and management of bacterial
meningitis in the paediatric population: A Review. Emerg Med Int 2012: 1-8.

Molan A (2012) Laboratory detection of Neisseria meningitides: A case study.
N Z J Med Lab Sci 66: 78-80.

Brouwer MC, Jim KK, Benschop KS, Wolthers KC, van der Ende A, et al.
(2013) No evidence of viral coinfection in cerebrospinal fluid from patients with
community-acquired bacterial meningitis. J Infect Dis 208: 182-184.

. Taj A, Jamil N (2016) Detection of meningococcal meningitis in cerebrospinal
fluid of patients with neurological disorders in government hospitals of Karachi.
Jour of Pak Med Assoc 66: 1418-1421.

10. Tang YW, Espy MJ, Persing DH, Smith TF (1997) Molecular evidence and
clinical significance of herpesvirus coinfection in the central nervous system. J
Clin Microbiol 35: 2869-2872.

11. Johnson RT (1996) Acute encephalitis. Clin Infect Dis 23: 219-224.

12. Benjamin LA, Kelly M, Cohen D, Neuhann F, Galbraith S, et al. (2013)
Detection of herpes viruses in the cerebrospinal fluid of adults with suspected
viral meningitis in Malawi. Infection 41: 27-31.

13. Nozi¢ D, Zivkovi¢ N, Cirkovié¢ S, Jovanovié D, Tomanovi¢ B, et al. (2007)
Meningoencephalitis in splenectomized patient caused by concurrent
Streptococcus pneumoniae and Herpes simplex virus infection. Acta Medica
Academica 36: 35-37.

14. Corless CE, Guiver M, Borrow R, Edwards-Jones V, Fox AJ, et al. (2001)

2

2

2

2

0.

=

2.

w

Simultaneous detection of Neisseria meningitidis, Haemophilus influenzae, and
Streptococcus pneumoniae in suspected cases of meningitis and septicemia
using real-time PCR. J Clin Microbiol 39: 1553-1558.

. Soares CN, Cabral-Castro MJ, Peralta JM, de Freitas MR, Zalis M, et al.

(2011) Review of the etiologies of viral meningitis and encephalitis in a dengue
endemic region. J Neurol Sci 303: 75-79.

.Beadling C, Slifka MK (2004) How do viral infections predispose patients to

bacterial infections? Curr Opin Infect Dis 17: 185-191.

.Amor S, Puentes F, Baker D, Van Der Valk P (2010) Inflammation in

neurodegenerative diseases. Immunology 129: 154-169.

.Wang X, Zhang N, Glorieux S, Holtappels G, Vaneechoutte M, et al. (2012)

Herpes simplex virus type 1 infection facilitates invasion of Staphylococcus
aureus into the nasal mucosa and nasal polyp tissue. PLoS One 7: €39875.

.Enomoto Y, Yoshikawa T, lhira M, Akimoto S, Miyake F, et al. (2005) Rapid

diagnosis of herpes simplex virus infection by a loop-mediated isothermal
amplification method. J Clin Microbial 43: 951-955.

Gustot T (2011) Multiple organ failure in sepsis: prognosis and role of systemic
inflammatory response. Curr Opin Crit Care 17: 153-159.

.Gaeta A, Verzaro S, Latte MC, Mancini C, Nallari C (2009) Diagnosis of

neurological herpersvirus infections: Real time PCR in cerebral spinal fluid
analysis. New Microbial 32: 333-340.

Padgett DA, Sheridan JF, Dorne J, Berntson GG, Candelora J, et al. (1998)
Social stress and the reactivation of latent herpes simplex virus type 1. Proc
Natl Acad Sci 95: 7231-7235.

. Schachtele SJ, Hu S, Little MR, Lokensgard JR (2010) Herpes simplex virus

induces neural oxidative damage via microglial cell Toll-like receptor-2. J
Neuroinflammation 7: 35.

Clin Infect Dis, an open access journal

Volume 2 « Issue 2 « 1000108


https://doi.org/10.1056/NEJMoa040845
https://doi.org/10.1056/NEJMoa040845
https://doi.org/10.1056/NEJMoa040845
https://doi.org/10.1056/NEJM199710023371404
https://doi.org/10.1056/NEJM199710023371404
https://doi.org/10.1155/2012/320309
https://doi.org/10.1155/2012/320309
https://doi.org/10.1093/infdis/jit140
https://doi.org/10.1093/infdis/jit140
https://doi.org/10.1093/infdis/jit140
https://www.researchgate.net/profile/Aneela_Taj2/publication/309570639_Detection_of_meningococcal_meningitis_in_cerebrospinal_fluid_of_patients_with_neurological_disorders_in_government_hospitals_of_karachi/links/588dc05ca6fdcc8e63ca0dc5/Detection-of-meningococcal-meningitis-in-cerebrospinal-fluid-of-patients-with-neurological-disorders-in-government-hospitals-of-karachi.pdf
https://www.researchgate.net/profile/Aneela_Taj2/publication/309570639_Detection_of_meningococcal_meningitis_in_cerebrospinal_fluid_of_patients_with_neurological_disorders_in_government_hospitals_of_karachi/links/588dc05ca6fdcc8e63ca0dc5/Detection-of-meningococcal-meningitis-in-cerebrospinal-fluid-of-patients-with-neurological-disorders-in-government-hospitals-of-karachi.pdf
https://www.researchgate.net/profile/Aneela_Taj2/publication/309570639_Detection_of_meningococcal_meningitis_in_cerebrospinal_fluid_of_patients_with_neurological_disorders_in_government_hospitals_of_karachi/links/588dc05ca6fdcc8e63ca0dc5/Detection-of-meningococcal-meningitis-in-cerebrospinal-fluid-of-patients-with-neurological-disorders-in-government-hospitals-of-karachi.pdf
http://jcm.asm.org/content/35/11/2869.short
http://jcm.asm.org/content/35/11/2869.short
http://jcm.asm.org/content/35/11/2869.short
http://www.jstor.org/stable/4459591
https://doi.org/10.1007/s15010-012-0292-z
https://doi.org/10.1007/s15010-012-0292-z
https://doi.org/10.1007/s15010-012-0292-z
http://www.ama.ba/index.php/ama/article/view/27
http://www.ama.ba/index.php/ama/article/view/27
http://www.ama.ba/index.php/ama/article/view/27
http://www.ama.ba/index.php/ama/article/view/27
https://doi.org/10.1128/JCM.39.4.1553-1558.2001
https://doi.org/10.1128/JCM.39.4.1553-1558.2001
https://doi.org/10.1128/JCM.39.4.1553-1558.2001
https://doi.org/10.1128/JCM.39.4.1553-1558.2001
https://doi.org/10.1016/j.jns.2011.01.012
https://doi.org/10.1016/j.jns.2011.01.012
https://doi.org/10.1016/j.jns.2011.01.012
https://journals.lww.com/co-infectiousdiseases/Abstract/2004/06000/How_do_viral_infections_predispose_patients_to.3.aspx
https://journals.lww.com/co-infectiousdiseases/Abstract/2004/06000/How_do_viral_infections_predispose_patients_to.3.aspx
https://doi.org/10.1111/j.1365-2567.2009.03225.x
https://doi.org/10.1111/j.1365-2567.2009.03225.x
https://doi.org/10.1371/journal.pone.0039875
https://doi.org/10.1371/journal.pone.0039875
https://doi.org/10.1371/journal.pone.0039875
https://doi.org/10.1128/JCM.43.2.951-955.2005
https://doi.org/10.1128/JCM.43.2.951-955.2005
https://doi.org/10.1128/JCM.43.2.951-955.2005
https://doi.org/10.1097/MCC.0b013e328344b446
https://doi.org/10.1097/MCC.0b013e328344b446
https://www.researchgate.net/profile/Carlo_Mancini2/publication/41403419_Diagnosis_of_neurological_herpesvirus_infections_Real_time_PCR_in_cerebral_spinal_fluid_analysis/links/0deec51e53d13efe8d000000.pdf
https://www.researchgate.net/profile/Carlo_Mancini2/publication/41403419_Diagnosis_of_neurological_herpesvirus_infections_Real_time_PCR_in_cerebral_spinal_fluid_analysis/links/0deec51e53d13efe8d000000.pdf
https://www.researchgate.net/profile/Carlo_Mancini2/publication/41403419_Diagnosis_of_neurological_herpesvirus_infections_Real_time_PCR_in_cerebral_spinal_fluid_analysis/links/0deec51e53d13efe8d000000.pdf
http://www.pnas.org/content/95/12/7231.short
http://www.pnas.org/content/95/12/7231.short
http://www.pnas.org/content/95/12/7231.short
https://doi.org/10.1186/1742-2094-7-35
https://doi.org/10.1186/1742-2094-7-35
https://doi.org/10.1186/1742-2094-7-35

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Chemicals
	Study design
	Isolation of Neisseria meningitidis
	Total DNA extraction
	PCR reaction

	Results
	Disscussion
	Conclusion
	Conflict of Interest
	Authors’ Contributions
	Financial Support
	Acknowledgment
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Reference

