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n INTRODUCTION

Inflammatory agents increase the endothelial 
permeability and vessel diameter, contribut-

ing to significant leak across the BBB. Bacterial 
products can impair the vessels directly or by ac-
tivating hemostasis resulting in disseminated in-
travascular coagulation (DIC). The inflammatory 
response to bacteria and in some cases indiscrim-
inate unbalanced defense reactions, cause even 
more severe injury by setting in motion destruc-

tive cascades on host tissues. Vasoactive agents 
involved in increased BBB permeability include 
bradykinin, serotonin (5HT), histamine, purine 
nucleotides, phospholipase A2, platelet activat-
ing factor, arachidonic acid, prostaglandins, leu-
kotrienes, interleukins (IL-1α, IL-1β, IL-2), mac-
rophage inflammatory proteins (MIP-1, MIP-2), 
complement-derived polypeptide C3a-desArg, 
free radicals, nitric oxide, etc. [1]. Meningeal in-
flammation affects the vessels strongly, and the 
infection can spread to brain itself through the 
Virchow-Robin spaces. Viral meningitis almost 
never leads to serious sequelae. Because aseptic 
meningitis may so closely resemble early acute 
bacterial meningitis, timely diagnosis is critical. 
Central nervous system (CNS) infections tend to 
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Cerebrospinal fluid/serum albumin ratio is one of the 
most informative parameters for blood-brain barri-
er (BBB) integrity in cases of central nervous system 
(CNS) infectious diseases. Normally, CNS albumin 
concentration is a function of diffusion processes along 
with CSF drainage and resorption. In pathological pro-
cesses CSF albumin levels are dependent only on the 
rate of CSF drainage resulting in non-linear reciprocal 
changes of albumin quotient (Qalb). IgG, IgA and IgM 
concentrations both in CSF and serum can be com-
pared to Qalb, thus determining the intrathecal immune 
response.
The aim of the study was to detect BBB permeability 
impairment and the intrathecal immune response in 
patients with CNS infections with various etiologies.
CSF/serum ratios were calculated and related to IgG, 

SUMMARY

IgA and IgM concentrations in CSF and blood serum. 
The results were integrated and presented by Reiber-
grams.
The results demonstrated typical patterns which prove 
albumin to be the main modulator of protein dynam-
ics and at the same time explicates the complex patho-
physiological mechanisms involved in BBB disruption 
and intrathecal immune response in CNS infections.
The diagnostic model presented in our study seeks to 
explain the observations of meningitis and meningo-
encephalitis pathophysiology and points out the man-
datory cooperation between clinicians and laboratory 
for accurate diagnosis and proper treatment.
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cause more morbidity and mortality on average 
than infections involving other organ systems 
and most of them are associated with intrathecal 
antibody synthesis [2]. Elevated immunoglobu-
lins (Ig) may occur as a result of breakdown in 
BBB [3]. Laboratory determination of CSF/serum 
Ig indices (QIg) and CSF/serum albumin quotient 
(Qalb) may be presented by Reibergrams - an es-
sential part of CSF analysis. These diagrams an-
alyze in an integrated way both the function of 
BBB and intrathecal immunoglobulin synthesis, 
to aid in the diagnosis of CNS diseases associated 
with specific patterns of Ig response [4]. Visual-
ization of the results with Reibergrams allows a 
better understanding of the pathophysiology in 
different CNS disorders, and the severity of on-
going infections. 

n PATIENTS AND METHODS

In the present study, we report the usefulness 
of some CSF parameters investigation in diag-
nosing CNS infections. We compared the dis-
tribution of Qalb and QIg on Reibergrams, for 7 
patients with neuroinfections admitted in 2015 
at the National Hospital for Active Treatment 
of Infectious and Parasitic Diseases, Sofia, with 
the following etiology: Streptococcus pneumoniae, 
Mycobacterium tuberculosis, Enterovirus group, 
Varicella Zoster Virus (VZV), Epstein Barr Virus 
(EBV), and 2 with undefined acute viral menin-
gitis. Plots on the Reibergram surpassing the di-
agonal line of the upper normal limit (QLIM) indi-
cate an elevation of the Ig index (QIg to Qalb ratio), 
suggesting the existence of intrathecal Ig-syn-
thesis. Shifting of the plot on the Reibergram to 
the upper right side indicates an impaired BBB. 
Qalb was evaluated based on an age-dependent 
standard value where Qalb = (4 + Age/15) x 10-3 

[5]. This approach allows a simultaneous visual 
assessment of the intrathecal immunoglobulin 
extent and BBB permeability. 

n RESULTS AND DISCUSSION

Reibergrams were constructed for each patient 
upon serum and CSF examination 24 hours post 
admission. The plot of a 34 years old male patient 
diagnosed with acute pneumococcal meningoen-

cephalitis revealed severe BBB impairment with 
Qalb 25.29 (x 10-3) and no significant intrathecal 
immune response (Table 1 and Figure 1). At the 
onset of the disease, increased BBB permeability 
due to transmigration through the endothelial 
cell to the basolateral site or intercellular trans-
location by disruption of the interepithelial tight 
junctions precedes the immune activation [6]. It 
is also known that in animal models the initial 
interaction with capsular polysaccharides does 
not cause infection, indicating that pneumococ-
cal capsule is not immunogenic [7]. On the other 
hand, high antibiotic concentrations resulted in 
liberation of lower quantities of bacterial proin-
flammatory and toxic compounds. This approach 
proved to be more effective than using antibiotic 
concentrations close to the minimum inhibitory 
concentration [8].
The plot of a 53 years old male patient diagnosed 
with acute mycobacterial meningitis revealed se-
vere BBB impairment with Qalb 27.47 (x 10-3) com-
bined with a dominant IgA intrathecal synthesis- 
a typical pattern with a very high plausibility for 
neurotuberculosis with almost no alternative in-
terpretation (Table 2 and Figure 2) [9]. This basic 
CSF examination gave a clear hint to the diagno-
sis at the first diagnostic CSF puncture, avoiding 
fatal consequences resulting from delayed confir-
mative culture.  Other routine tests findings, 
such as low CSF glucose and elevated CSF total 
protein, can also contribute to evaluation of bac-
terial meningitis. In addition, CSF/serum glucose 
ratio cut-off of <0.4 is also helpful in determining 
bacterial CNS infection demonstrating excellent 
diagnostic accuracy.
The other 5 patients were diagnosed with acute 
viral meningitis. One of the patients, a 15 years 
old female, diagnosed with acute enteroviral 
meningitis, Qalb 4.67 (x 10-3) showed an intact 
BBB and immunoglobulin match sampling re-
vealed 3-class intrathecal immune response with 
IgM dominance due to elevated specific entero-
virus IgM antibodies reaching the highest levels 
4-6 days after onset of symptoms (Table 3 and 
Figure 3). Intrathecal IgM synthesis is not a sign 
of the acute phase of a disease as the isotype 
switch occurs not in the brain [10]. Another fe-
male patient, 32 years of age, with viral meningi-
tis caused by Varicella Zoster Virus preceded by 
typical vesicular rash, was presented with severe 
BBB impairment with Qalb 25.1 (x 10-3) combined 



322 T. Valkov, J. Hristova, T. Tcherveniakova, D. Svinarov

Table 1 - Laboratory results of serum and CSF matched samples in a patient with pneumococcal meningoenceph-
alitis. 

Serum
(g/L)

CSF
(mg/L)

Qalb

(x 10-3)
Normal Ranges

(x 10-3)
Local Synthesis

(%)
Local Synthesis

(mg/L)

Albumin 43.0 1087.5 25.29 <6.3

IgG 10.23 202.5 19.79 - -

IgA 1.73 23.6 13.64 - -

IgM 1.04 8.39 8.07 - -

Figure 1 - Reibergrams of IgG, IgA and IgM local synthesis in a patient with pneumococcal meningoencephalitis. 
1a: IgG QLIM 21.93 (x10-3), low limit 8.06 (x10-3); 1b: IgA QLIM 16.72 (x10-3), low limit 3.24 (x10-3); 1c: IgM QLIM 11.37 (x10-3), 
low limit 3.24 (x10-3).

Table 2 - Laboratory results of serum and CSF matched samples in a patient with acute mycobacterial meningitis.

Serum
(g/L)

CSF
(mg/L)

Qalb

(x 10-3)
Normal Ranges

(x 10-3)
Local Synthesis

(%)
Local Synthesis

(mg/L)

Albumin 45.0 1236.0 27.47 <7.5

IgG 10.79 253.8 23.52 - -

IgA 1.97 42.2 21.42 14.2 6.01

IgM 1.21 13.54 11.19 - -

Figure 2 - Reibergrams of IgG, IgA and IgM local synthesis in a patient with acute mycobacterial meningitis. 2a: IgG 
QLIM 23.95 (x10-3), low limit 8.79 (x10-3); 2b: IgA Local synthesis 14.2% (6.01 mg/l), QLIM 18.37 (x 10-3), low limit 3.59 (x10-3); 
2c: IgM QLIM 12.71 (x10-3), low limit 0.56 (x10-3).
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Figure 4 - Reibergrams of IgG, IgA and IgM local synthesis in a patient with acute Varicella Zoster Virus meningitis. 4a: 
IgG Local synthesis 90.6% (158.67 mg/l), QLIM 1.57 (x10-3), low limit 0.65 (x10-3); 4b: IgA Local synthesis 90.5% (14.92 mg/l), 
QLIM 1.07 (x10-3), low limit 0.22 (x10-3); 4c: IgM Local synthesis 94.1% (12.75 mg/l), QLIM 0.43 (x10-3), low limit 0.03 (x10-3).

Figure 3 - Reibergrams of IgG, IgA and IgM local synthesis in a patient with acute enteroviral meningitis. 3a: IgG 
Local synthesis 34.4% (19.74 mg/l), QLIM 3.2 (x10-3), low limit 1.31 (x10-3); 3b: IgA Local synthesis 16.3% (1.38 mg/l), 
QLIM 2.05 (x10-3), low limit 0.36 (x10-3); 3c: IgM Local synthesis 64.9% (2.93 mg/l), QLIM 0.88 (x10-3), low limit 0.04 (x10-3).

Table 3 - Laboratory results of serum and CSF matched samples in a patient with acute enteroviral meningitis.

Serum
(g/L)

CSF
(mg/L)

Qalb

(x 10-3)
Normal Ranges

(x 10-3)
Local Synthesis

(%)
Local Synthesis

(mg/L)

Albumin 43.0 200.8 4.67 <5

IgG 11.75 57.33 4.88 34.4 19.74

IgA 3.45 8.44 2.45 16.3 1.38

IgM 1.80 4.52 2.51 64.9 2.93

Table 4 - Laboratory results of serum and CSF matched samples in a patient with acute Varicella Zoster Virus 
meningitis.

Serum
(g/L)

CSF
(mg/L)

Qalb

(x 10-3)
Normal Ranges

(x 10-3)
Local Synthesis

(%)
Local Synthesis

(mg/L)

Albumin 40.0 100.8 25.1 <6.1

IgG 1.48 175.1 16.71 90.6 158.67

IgA 1.47 16.5 11.22 90.5 14.92

IgM 1.85 13.54 7.32 94.1 12.75



324 T. Valkov, J. Hristova, T. Tcherveniakova, D. Svinarov

with a 3-class intrathecal immune response with 
IgM local synthesis above 94% (Table 4 and Fig-
ure 4). A 16 years old patient with meningitis 
caused by Epstein Barr Virus (EBV) showed a 
severe disruption of BBB with Qalb 24.81 (x 10-3) 
with no significant intrathecal immune response 
(Table 5 and Figure 5). EBV meningitis is usual-
ly associated with Mollaret’s syndrome- benign 
aseptic meningitis that can be self-limiting or life 
threatening depending on the underlying etiol-
ogy [11]. The residual 2 patients with viral men-
ingitis were etiologically undefined and their 
datasets revealed moderate BBB impairment 
and different rate of intrathecal immunoglobulin 
synthesis.

n CONCLUSION

Diagnosis of CNS infections remains a great chal-
lenge to clinicians due to incomplete understand-
ing of the underlying pathophysiological mecha-
nisms combined with individual variations in the 

immune response to causative agents. The diag-
nostic model presented in our study seeks to ex-
plain the observations of meningitis and menin-
goencephalitis pathophysiology and points out 
the mandatory cooperation between clinicians 
and laboratory for accurate diagnosis and proper 
treatment.
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ingitis.

Serum
(g/L)

CSF
(mg/L)

Qalb

(x 10-3)
Normal Ranges

(x 10-3)
Local Synthesis

(%)
Local Synthesis

(mg/L)

Albumin 42.0 1042.2 24.81 <5.1

IgG 9.31 172.0 18.47 - -

IgA 2.89 21.7 7.3 - -

IgM 1.32 2.71 2.05 - -

Figure 5 - Reibergrams of IgG, IgA and IgM local synthesis in a patient with acute Epstein Barr Virus meningitis. 
5a: IgG QLIM 21.49 (x10-3), low limit 7.9 (x10-3); 5b: IgA QLIM 16.36 (x10-3), low limit 3.16 (x10-3); 5c: IgM QLIM 11.07 (x10-3), 
low limit 0.48 (x10-3).



325Blood-Brain Barrier and Intrathecal Immune Response in Patients with Neuroinfections

evaluation of intrathecal C4 synthesis. Cerebrospinal 
Fluid Res. 6, 8, 2009.
[5] Akaishi T., Narikawa K., Suzuki Y., et al. Importance 
of the quotient of albumin, quotient of immunoglob-
ulin G and Reibergram in inflammatory neurological 
disorders with disease-specific patterns of blood-brain 
barrier permeability. Neurol. Clin. Neurosci. 3, 94-100, 
2015.
[6] Ring A., Weiser J.N., Tuomanen E.I. Pneumococcal 
trafficking across the blood-brain barrier. Molecular 
analysis of a novel bidirectional pathway. J. Clin. Invest. 
102, 2, 347-360, 1998.
[7] Tuomanen E., Tomasz A., Henqstler B., Zak O. The 
relative role of bacterial cell wall and capsule in induc-
tion of inflammation in pneumococcal meningitis. J. In-
fect. Dis. 151, 3, 535-540, 1985.
[8] Nau R., Eiffert H. Minimizing the release of proin-

flammatory and toxic bacterial products within the 
host: A promising approach to improve outcome in 
life-threatening infections. FEMS Immunol. Med. Micro-
biol. 44, 1-16, 2005.
[9] Reiber H. Cerebrospinal fluid data compilation and 
knowledge-based interpretation of bacterial, viral, par-
asitic, oncological, chronic inflammatory and demye-
linating diseases. Diagnostic patterns not to be missed 
in neurology and psychiatry. Arq. Neuropsiquiatr. 74, 4, 
337-350, 2016.
[10] Reiber H., Kruse-Sauter H., Quentin C. Antibody 
patterns vary arbitrarily between cerebrospinal fluid 
and aqueous humor of the individual multiple sclero-
sis patient: specificity-independent pathological B cell 
function. J. Neuroimmunol. 278, 247-254, 2015.
[11] Rosenberg J., Galen B.T. Recurrent Meningitis. 
Curr. Pain Headache Rep. 21, 7, 33, 2017.


