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Abstract

INTRODUCTION

The present study was to pool and analyze the results of all the reported studies to determine the true diagnostic
accuracy of PCT in adult patients with suspected meningitis.

AIM AND OBJECTIVE

To predict pyogenic bacterial meningitis on the basis of independent factor like serum procalcitonin against
CSF analysis (WBC, biochemistry, CSF culture and gram staining).

METHOD: Observational diagnostic test evaluation study of 64 clinically suspected cases of meningitis had
taken consecutively between June 2017-August 2018.

RESULTS: We analysed 64 cases with suspected meningitis where 45 (70.31%) were male; mean age was
42.75+17.47 years. In that 42 patients diagnosed with ABM,13 with TBM and 9 with viral meningitis. In the
present study mean for CSF procalcitonin in ABM was 4.87 + 6.58, in TBM was 0.13+0.17and in viral
meningitis was 0.28+0.34. Patients with ABM had raised serum procalcitonin as compared to TBM and viral
meningitis. This finding was statistically significant, i.e. P<0.007. Out of 42 ABM patients 37 (88.57%) showed
neutrophilic pleocytosis and raised protein in CSF along with raised serum PCT.

Additionally, PCT levels would be expected to decrease in patients receiving antibiotics prior to testing. In our
study out of 42 patients of ABM 12 had taken antibiotic and 30 did not taken in previous 72 hrs. In 30 patients
those who have not taken antibiotic 27(90%) had raised PCT.

CONCLUSION: Based on the findings of this study it was observed that Serum PCT is a powerful diagnostic
test for the assessment of suspected meningitis, allowing rapid differentiation between bacterial and viral
aetiologies, and earlier initiation of appropriate and necessary therapies.
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. Introduction
Bacterial meningitis is an acute purulent infection with in the subarachnoid space. It is associated with
CNS inflammatory reaction that may result in decreased consciousness, seizures, raised intracranial pressure and
stroke.The meninges, subarachnoid space and brain parenchyma all frequently involvedin the inflammatory
reaction(meningoencephalitis).

Bacterial meningitis (BM) is a significant cause of morbidity and mortality worldwide, with 1.2 million
cases per year, resulting in 135 000 deaths.Due to the high mortality rate and potential neurological sequelae in
survivors, there is an urgent need for rapid diagnosis with near 100% sensitivityt.Early diagnosis and timely
initiation of appropriate antibiotic therapy is crucial for reducing mortality from bacterial meningitis2. Therefore,
distinguishing bacterial and other meningitis in the emergency department could help to limit unnecessary
antibiotic use and hospital admissions.Because the consequences of delayed diagnosis of bacterial meningitis
can be severe, any proposed diagnostic tool must achieve near 100% sensitivity.
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Clinical criteria, Gram staining, and bacterial antigen testing of CSF as well as the classic biological
markers in the blood (CRP level, white blood cell count [WBC], and neutrophil count) or CSF (protein level,
glucose level, WBC count, and neutrophil count) used alone do not offer 100% sensitivity with high specificity
for distinguishing bacterial and aseptic meningitis3.Waiting for at least 2 days was recommended to identify
bacterial growth in CSF cultures, whereas this period is 3-8 days for viral cultures. Moreover, identifying the
frequently encountered viral agents via polymerase chain reaction is not always possible in every institution.
Therefore, intensive research has been carried out to find new and rapid diagnostic methods for differential
diagnosis of bacterial and viral meningitis’.

CRP has traditionally been used as the biomarker for inflammation. However, CRP may show a
delayed increase during the course of bacterial infection, resulting in false-negative tests in the early stages of
the disease®.CRP can also be elevated in viral infections, limiting its ability to discriminate between bacterial
and viral aetiologies of meningitis®.

Procalcitonin (PCT) is now considered to be the best candidate to replace CRP due to its high
diagnostic accuracy in various infectious pathologies, including sepsis, acute infectious endocarditis, and
pancreatitis’. Fibronectin, interleukin 6 (IL-6), and tumour necrosis factor alpha (TNF-a) have also been
proposed as potential biomarkers,but have not thus far been accepted widely for clinical use®.

Normal PCT levels in healthy individuals are <0.1 ng/ml, and levels increase dramatically in response
to bacterial infection®. It has been hypothesized that this increase is due to the overexpression of the CALC-1
gene and increased release of PCT from various tissues in response to bacterial endotoxins and inflammatory
cytokines such as TNF-o, IL-6, and I1L-1p'*%2.Unlike CRP, PCT has not been reported to be elevated in viral
infections, thus conferring it the important ability to distinguish easily between bacterial and viral aetiologies?2.

I1.  Material And Method

Study type

Observational diagnostic test evaluation study.
Study Place

Medicine and Neurology Wards, SMS hospital, Jaipur.
Duration of Study
One Year Duration (June 2017-August 2018).
Sample size:

The sample size was 64 clinically suspected meningitis cases at 95% confidence interval and 80%
power to verify 94.7% minimum expected accuracy of procalcitonin level.

o Inclusion Criteria:
All patients with clinically suspected meningitis patients admitted in Medicine and Neurology wards
SMS Hospital, Jaipur between June 2017 to August 2018.

o Exclusion Criteria:

All clinically suspected cases of meningitis were taken consecutively till sample size achieved.
Severely ill patients unable to give consent.

Severe localised bacterial infection other than meningitis.

Thyroid disorder.

Untreated end-stage renal failure.

Severe noninfectious inflammatory stimuli (e.g. major burns, severe trauma acute multiorgan failure.

agrwpE

STUDY VARIABLES

We recorded sociodemographic variables (age,sex);

Clinical variables: fever (38°C), confusion or altered level of consciousness (GCS<15), headache, neck rigidity
and sign of meningeal irritation (kernig sign). Additional data included administration of antibiotics treatment in
the previous 72 hours. The microbiological studies performed were blood and CSF culture, gram staining, KOH,
AFB and polymerase chain reaction amplification of DNA (tubercular and viral). The analytical variables
included results from complete blood count, biochemical studies of CSF, and serum PCT.

STATISTICAL ANALYSIS

The data obtained was coded and entered into Microsoft Excel Worksheet. The categorical data was
expressed as rates, ratios and proportions. The continuous data was expressed as mean + standard deviation
(SD). The comparison of categorical data was done using Anova test and the comparison of continuous data was
done using independent sample ‘t’ test. A probability value (‘p’ value) of less than or equal to 0.050 at 95%
confidence interval was considered as statistically significant.
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I11.  Results
The present study included 64 patients with clinically suspected meningitis where 45 (70.31%) were
male; mean age was 42.75+17.45 years. In that 42 patients diagnosed with ABM,13 with TBM and 9 with viral
meningitis. ABM diagnosed on the basis of CSF neutrophilic pleocytosis , raised protein, low sugar and culture
,gram stain or blood culture positive. Gram staining positive in 9 patients and one had CSF culture positive for
Acinetobacter. CSF PCR positive in 2 cases one for viral (HSV, Entero virus) and one for tubercle bacilli.

Table 1

Patients characteristics | Total no. of cases | ABM TBM Viral meningitis

(n=64)
Demographic data
Age 42.75+17.45
Male 45 (70.31%) 31 (73.81%) 7 (53.85%) 7 (77.78%)
Antibiotics use in | 17 (26.56%) 12 (28.57%) 3(23.08%) 2 (22.22%)
previous 72 hrs
Clinical data and symptoms
Fever (>38°C) 62 (96.88%) 41 (97.62%) 13 (100%) 8 (88.89%)
Headache 36 (56.25%) 24 (57.14%) 8 (61.54%) 4 (44.44%)
Altered sensorium 62 (96.88%) 41 (97.62%) 12 (92.31%) 9 (100%)
Signs  of meningeal | 52 (81.25%) 36 (85.71%) 11 (84.62%) 5 (55.56%)
irritation

Table 1 displays sociodemographic variables age, sex clinical data, and signs of meningeal irritation as well as
comparison between the ABM ,TBM and viral meningitis group.

Regarding clinical presentation fever and headache to altered sensorium. In our study fever was present
in 41 (97.62%) and absent in 1(2.38%) patient of ABM. Similarly in TBM all patient 13 (100%) and in Viral out
of 9 patients 8 (88.89%) had fever. Similar ratio found in altered sensorium (defined by a Glasgow Coma Scale
score below 15). All patients had fever also had altered sensorium. Classic triad present in 30 (46.87%) patients.
Other symptoms like headache present in 24 (57.14%) patients ABM, 8(61.54%) patients in TBM and 4
(44.44%) patients in viral. Signs of meningeal irritation in 52 (81.25%) patients and absent in 12 (18.75%). We
took those patients who had absent signs of meningeal irritation clinically but had history of other symptoms
like headache, fever and altered sensorium. No significant difference were found regarding for fever, headache,
altered sensorium, neck rigidity and sign of meningeal irritation.

Table 2
Test ABM TBM Viral meningitis P- value
WBC (cells/cumm) 691.95 +£929.23 133.85+76.04 445.224975.89 >0.05
Neutrophils (%) 63.21+26.52 21.25+18.81 22.78+26.68 <0.001
Lymphocyte (%) 34.21+25.85 77.54+19.89 75.33+£27.16 <0.001
Protein (mg/dl) 160.05+74.84 134.65+36.23 120.20+44.12 >0.05
Glucose (mg/dl) 26.00+7.03 40.39422.44 49.33426.12 <0.001

Table 2 compare cytological and chemical profiles of the CSF from each patient group. CSF
examination of the patient groups showed highly significant difference in polymorphs %, lymphocyte %, and
CSF glucose (P <0.001). But no significant difference were observed in total CSF WBCs and protein (P >0.05).

Table 3: Mean value for PCT (ng/ml) in meningitis groups
ABM TBM Viral Meningitis P-value
Mean £SD 4.876.58 0.130.17 0.28+0.34 <0.007

Table 3 shows mean serum PCT comparison in ABM, TBM and viral meningitis subgroups. Mean for
serum procalcitonin were in ABM 4.87 + 6.58, TBM 0.13+0.17 and viral meningitis 0.28+0.34. This shows
significant difference (P < 0.007). In total ABM patients 37(88.57%) patients had neutrophilic pleocytosis,
raised protein in CSF also had raised serum PCT.
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Table 4
Antibiotic Taken Antibiotic Not Taken
Types of serum procalcitonin serum procalcitonin
meningitis
Abnormal Normal Total Abnormal Normal Total

ABM 6 (35.29) 6 (35.29) 12 (70.59) 27 (57.45) 3(6.38) 30 (63.83)
TBM 0 (0.00) 3(17.65) 3(17.65) 1(2.13) 9(19.15) 10 (21.28)
Viral 0 (0.00) 2 (11.76) 2 (11.76) 1(2.13) 6 (12.76) 7 (14.89)
Total 6 (35.29) 11 (64.71) 17 (100.00) 29 (61.70) 18 (38.30) 47 (100.00)

Table 4 shows comparison of serum PCT with antibiotics taken in previous 72 hours or not taken. In
the present study out of 42 patients of ABM 12 had taken antibiotic and 30 did not taken in previous 72 hrs. In
30 patients those who have not taken antibiotic 27(90%) had raised PCT and lower level in 6 patients taken
antibiotics.

IV.  Discussion

It is important to recognise not only bacterial meningitis patients, who need prompt antimicrobial
therapy, but also tubercular and viral meningitis patients, who do not need antibiotics. The diagnosis and
management of bacterial meningitis require various biological tests and a multidisciplinary approach.

In our study of 64 patients admitted with meningitis male preponderance was noted with 70.31% of
patient being male. The male to female ratio was 2.4:1. Similar sex distribution pattern was reported by Erna
lund et al where out of 669 patients 397 (59%) were males, 266 (40%) were females and the ratio was 3:2.
However, S.P. Dias, M.C. Brouwer** found male sex is an independent risk factor for adverse outcome. Females
exhibit more robust cell-mediated and humoral immune responses to antigenic challenges, such as infection and
vaccination, compared with males, which leads to a lower susceptibility to many infectious diseases.

Incidence of acute bacterial meningitis was more in the age group more than 40 years. Most of the
patients were aged above 40 years (64.29%) followed by 20-40 years (30.95%). Mean age for study population
was 42.75+12.25 years. Similarly, in a study done on Bacterial Meningitis in the United States, 1998-2007 in
adults by Michael C. Thigpen et al*® in 3188 patients with bacterial meningitis. The median age of patients
increased from 30.3 years in 1998-1999 to 41.9 years in 2006—-2007 (P<0.001 by the Wilcoxon rank-sum test).

The clinical presentation of meningitis can range from fever and headache to altered sensorium. In our
study fever was present in 41 (97.62%) and absent in 1(2.38%) patient of ABM. Similarly in TBM all patient 13
(100%) and in Viral out of 9 patients 8 (88.89%) had fever. In similar study conducted by Diederik van de Beek
et al'® on Clinical Features and Prognostic Factors in Adults with Bacterial Meningitis in 1108 patients. He
concluded fever occurred in 77 percent and a change in mental status (defined by a Glasgow Coma Scale score
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below 14) in 69 percent. Only 44 percent of episodes were characterized by the classic triad of fever, neck
stiffness, and headache.

In our study other symptoms like headache present in 24 (57.14%) patients ABM, 8(61.54%) patients
in TBM and 4 (44.44%) patients in viral. Signs of meningeal irritation in 52 (81.25%) patients and absent in 12
(18.75%).Furthermore, the traditionally used meningeal signs, i.e., Kernig’s sign, Brudzinski’s sign, and nuchal
rigidity, have a low diagnostic value'’. Brouwer et al*® reported a pooled sensitivity of Kernig’s sign in adults to
be merely 0.11, while the reported pooled sensitivities of Brudzinski’s sign and nuchal rigidity were 0.09 and
0.31, respectively. Due to the low sensitivities of physical signs, it is important to evaluate the entire clinical
picture when formulating a differential diagnosis and determining further appropriate diagnostic test.

In the present study no association was observed with CSF total count and type of meningitis i.e. P >
0.05. Our findings were not consistent with a study by Sofia Agueda et al*® who reported cerebrospinal fluid
white blood cell count was significantly higher in patients with bacterial meningitis (mean, 4839 cells/uL)
compared to patients with aseptic meningitis (mean, 159 cells/uL, p < 0.001).

We also found that mean for CSF neutrophil count in ABM was 63.21+26.52, in TBM was 21.25 +
18.81 and in viral meningitis was 22.78 + 26.68.CSF neutrophils significantly higher in ABM as compared to
TBM and viral meningitis. Mean for CSF lymphocyte in ABM was 34.21 + 25.85, in TBM was 77.54 + 19.89
and in viral meningitis was 75.33 £ 27.16. CSF lymphocyte significantly high in TBM and viral meningitis as
compared to ABM. These both finding were significant statistically, P( <0 .001).

These findings were consistent with a study by Venkatesh B et al.? WBC count of >500/mm3 with a
preponderance of neutrophils in CSF is characteristic of a bacterial meningitis, and a WBC count of >100/mm3
with a preponderance of monocytes is characteristic of a viral meningitis a considerable pattern overlap is often
found.

Mean for CSF glucose in ABM was 26.00£7.03, in TBM was 40.39+22.4 and in viral meningitis was
49.33+26.12mg/dl. Patients with meningitis having CSF low glucose in ABM compared to TBM and viral
meningitis. This finding was statistically significant, i.e. P < 0.001. In study by Rabab Fouad et al.** low CSF
glucose level (<45 gm/dL) and CSF/serum glucose <0.6 were significantly diagnostic in bacterial meningitis
patients.

In the present study we noted that patients with ABM had raised serum procalcitonin as compared to
TBM and viral meningitis (i.e. P < 0.007). Our study has remarkable similarities with the one done by Shipra
Chaudhary et al* in 50 patients, 22 patients fulfilled the criteria for bacterial meningitis and 28 patients non-
bacterial meningitis. Serum PCT levels were significantly higher in bacterial meningitis group (median=2.04
(1.2-3.18) ng/ml) compared to non-bacterial meningitis (median = 0.35 (0.18-0.35) ng/ml); p <0.001.

PCT levels would be expected to decrease in patients receiving antibiotics prior to testing, thus giving
misleading results. In our study also PCT level lower side found in those patients who took antibiotics in
previous 72 hours. Hu et al® found that PCT levels decreased significantly 3 days after the initiation of
antibiotic treatment in children with BM. Furthermore, the authors investigated how serum PCT levels
correlated to disease severity.?

A novel findings from our study is that there are significant high PCT level in patients with CSF
neutrophilic pleocytosis and raised protein. No study found that correlate with CSF neutrophil, glucose and
protein with procalcitonin. Further study needs for above correlation.

Our study has limitatations including its single centre study design and its small sample size. This
sample size was insufficient for some comparisons.our analysis did not include complications (Encephalitis,
Seizures etc.). Another limitation is the lack of healthy control group,which would have strengthened the study’s
internal validity. Despite these limitation, we feel that our study reflects the major role of serum PCT in
diagnosing ABM and predicting bacteraemia.

V.  Conclusion

Serum PCT is a powerful diagnostic test for the assessment of suspected meningitis, allowing rapid
differentiation between bacterial and viral aetiologies, and earlier initiation of appropriate and necessary
therapies.

PCT when used as a supplement to clinical signs and CSF analysis, allows for a more accurate overall
diagnosis in patients with suspected meningitis.

The use of PCT serum assays in adult patients with suspected meningitis is therefore recommended,
especially when CSF and other reports are awaited, treatment of bacterial meningitis can be started with the use
of serum PCT assay thus saving precious time.

DOI: 10.9790/0853-2003072934 www.iosrjournal.org 33| Page



A Study of Serum Procalcitonin Level in Hospitalised Pyogenic Bacterial Meningitis Patients

1.

[2).
[31.
[4].
[5].
[6].
7.
8].
[9].

[10].
[11].

[12].

[13].
[14].

[15].

[16].

[17].
[18].
[19].
[20].
[21].

[22].

[23].

Dr Rohit Ishran, et. al. “A Study of Serum Procalcitonin Level in Hospitalised Pyogenic Bacterial
Meningitis Patients.” IOSR Journal of Dental and Medical Sciences (IOSR-JDMS), 20(03), 2021,
pp. 29-34.

References
Jens Vikse,Brandon Michael Henry,Joyeeta Roy,Piravin Kumar Ramakrishnan,Krzysztof A.TomaszewskiJerzy A.Walocha.The
role of serum procalcitonin in the diagnosis of bacterial meningitis in adults: a systematic review and meta-analysis. https://doi.org/
10.1016 /j.ijid.2015.07.011.
Dimitrios Velissaris,Martina Pintea,Nikolaos Pantzaris Eirini Spatha.The Role of Procalcitonin in the Diagnosis of Meningitis.J.
Clin. Med. 2018, 7(6), 148; https://doi.org/10.3390/jcm7060148.
Jinseung Kima, Si EunKimb, Bong Soo Parkc, KyongJin Shin. Procalcitonin as a Diagnostic and Prognostic Factor for Tuberculosis
Meningitis. pISSN 1738-6586 / elSSN 2005-5013 / J ClinNeurol 2016;12(3):332-339 / http://dx.doi.org/10.3988/jcn.2016.12.3.332.
Usama M Alkholi, NerminAbd Al-monem, Ayman A Abd El-Azim, and Mohamed H Sultan. Serum Procalcitonin in Viral and
Bacterial Meningitis. J Glob Infect Dis. 2011 Jan-Mar; 3(1): 14-18.doi: 10.4103/0974-777X.77290.
H. Peltola, M. JaakkolaC-reactive protein in early detection of bacteremic versus viral infections in immuno competent and
compromised children J Pediatr, 113 (1988), pp. 641-646.
L.O. Hansson, G. Axelsson, T. Linné, E. Aurelius, L. LindquistSerum C-reactive protein in the differential diagnosis of acute
meningitis Scand J Infect Dis, 25 (1993), pp. 625-630.
M. Christ-Crain, B. Muller Procalcitonin in bacterial infections—hype, hope, more or less? Swiss Med Wkly, 135 (2005), pp. 451-
460
E. Weirich, R.L. Rabin, Y. Maldonado, W. Benitz, S. Modler, L.A. Herzenberg, et al. Neutrophil CD11b expression as a diagnostic
marker for early-onset neonatal infection J Pediatr, 132 (1998), pp. 445-451
F. Leclerc, S. Leteurtre, O. Noizet, A. Dorkenoo, A. Sadik, R. Cremer, et al. Procalcitonin as a prognostic marker in children with
meningococcal septic shock Arch Dis Child, 87 (2002), p. 450
B. Muller, J.C. White, E.S. Nylen, R.H. Snider, K.L. Becker, J.F. Habener ;Ubiquitous expression of the calcitonin-1 gene in
multiple tissues in response to sepsis J Clin Endocrinol Metab, 86 (2001), pp. 396-404
P. Linscheid, D. Seboek, E.S. Nylen, I. Langer, M.Schlatter, K.L. Becker, et al. In vitro and in vivo calcitonin | gene expression in
parenchymal cells: a novel product of human adipose tissue Endocrinology, 144 (2003), pp. 5578-5584
Oberhoffer, M., Stonans, I., Russwurm, S., Stonane, E., Vogelsang, H., Junker, U. et al. Procalcitonin expression in human
peripheral blood mononuclear cells and its modulation by lipopolysaccharides and sepsis-related cytokines in vitro. J Lab Clin Med.
1999; 134: 49-55.
Erma  Lund; Distribution of Age and Sex in Cases of Pneumococcal Meningitis;  Septembel964
https://doi.org/10.1111/apm.1964.61.3.487.
S.P. Dias 12 M.C. Brouwerl M.W. BijlsmalA.van der Ende D.van de Beek; Sex based differences in adults with community-
acquired bacterial meningitis: a prospective cohort study; https://doi.org/10.1016/ j.cmi.2016.10.026.
Michael C. Thigpen, M.D., Cynthia G. Whitney, M.D., M.P.H., Nancy E. Messonnier, M.D., Elizabeth R. Zell, M.Stat., Ruth
Lynfield, M.D., James L. Hadler, M.D., M.P.H., Lee H. Harrison, M.D., Monica M. Farley, M.D., Arthur Reingold, M.D., Nancy
M. Bennett, M.D., Allen S. Craig, M.D., William Schaffner, M.D., et al.Bacterial Meningitis in the United States, 1998-2007,N
Engl J Med 2011; 364:2016-2025 DOI: 10.1056/ NEJM0a1005384.
Diederik van de Beek, M.D., Ph.D., Jan de Gans, M.D., Ph.D., Lodewijk Spanjaard, M.D., Ph.D., Martijn Weisfelt, M.D., Johannes
B. Reitsma, M.D., Ph.D., and Marinus Vermeulen, M.D., Ph.D.Clinical Features and Prognostic Factors in Adults with Bacterial
Meningitis; N Engl J Med 2004; 351:1849-1859 DOI: 10.1056/ NEJM0a040845.
Thomas KE, Hasbun R, Jekel J, Quagliarello VJ. The diagnostic accuracy of Kernig’s sign, Brudzinski’s sign, and nuchal rigidity in
adults with suspected meningitis. Clin Infect Dis 2002;35:46-52. 45.
Brouwer MC, Thwaites GE, Tunkel AR, Van de Beek D. Dilemmas in the diagnosis of acute community-acquired bacterial
meningitis. Lancet 2012;380:1684-92.
Agueda S1, Campos T, Maia A.Prediction of bacterial meningitis based on cerebrospinal fluid pleocytosis in children; Braz J Infect
Dis. 2013 Jul-Aug;17(4):401-4. doi: 10.1016/j.bjid.2012.12.002. Epub 2013 Apr 18.
20..Venkatesh B, Scott P, Ziegenfuss M. Cerebrospinal fluid in critical illness. Crit Care Resusc. 2000;2:42-54.
Rabab Fouad,1 Marwa Khairy,1 Waleed Fathalah,1 Taha Gad,2 Badawy El-Kholy,3 and Ayman Yosry;Role of Clinical
Presentations and Routine CSF Analysis in the Rapid Diagnosis of Acute Bacterial Meningitis in Cases of Negative Gram Stained
Smears;Journal of Tropical Medicine;Volume 2014, Article ID 213762, 7 pages, http://dx.doi.org/ 10.1155/ 2014/213762
Shipra Chaudhary, corresponding author Nisha Keshary Bhatta, Madhab Lamsal, Rajendra Kumar Chaudhari, and Basudha Khanal;
Serum procalcitonin in bacterial & non-bacterial meningitis in children; BMC Pediatr. 2018; 18: 342.Published online 2018 Nov 2.
doi: 10.1186/s12887-018-1314-5
Hu R, Gong Y, Wang Y. Relationship of serum procalcitonin levels to severity and prognosis in pediatric bacterial meningitis. Clin
Pediatr (Phila) 2015. Epub ahead of print.

DOI: 10.9790/0853-2003072934 www.iosrjournal.org 34 | Page


https://www.sciencedirect.com/science/article/pii/S1201971215001782#!
https://www.sciencedirect.com/science/article/pii/S1201971215001782#!
https://www.sciencedirect.com/science/article/pii/S1201971215001782#!
https://www.sciencedirect.com/science/article/pii/S1201971215001782#!
https://www.sciencedirect.com/science/article/pii/S1201971215001782#!
https://www.sciencedirect.com/science/article/pii/S1201971215001782#!
https://doi.org/10.1016/j.ijid.2015.07.011
https://doi.org/10.1016/j.ijid.2015.07.011
https://www.mdpi.com/search?authors=Dimitrios%20Velissaris&orcid=
https://www.mdpi.com/search?authors=Martina%20Pintea&orcid=
https://www.mdpi.com/search?authors=Nikolaos%20Pantzaris&orcid=
https://www.mdpi.com/search?authors=Eirini%20Spatha&orcid=
https://doi.org/10.3390/jcm7060148
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alkholi%20UM%5BAuthor%5D&cauthor=true&cauthor_uid=21572603
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abd%20Al-monem%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21572603
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abd%20El-Azim%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=21572603
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sultan%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=21572603
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3068572/
https://dx.doi.org/10.4103%2F0974-777X.77290
https://doi.org/10.1111/apm.1964.61.3.487
https://doi.org/10.1016/j.cmi.2016.10.026

