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ABSTRACT 

Borreliosis, Lyme disease, is the fastest growing tick borne infection in the world. Annually 300,000 
(0.094%) people are diagnosed in the USA. 
Objective: To clarify and aid in the understanding of the indirect diagnostics ofBorreliosis in the light of 
immune dysfunction. 

Diagnosis is difficult not only due to multi-systemic and nonspecific nature of symptoms but also due 
to the indirect diagnostics assuming immuno-competence in all three stages of Borreliosis. Indirect 
diagnostics are the most common method of testing for Borreliosis as they are cheap and convenient. 
However due to wide variation in antigenicity of genospecies, the sensitivity and specificity of 
diagnostics can be questioned. Evidence is accumulating which suggests that immune dysregulation 
induced by Borrelia (and other tick borne infections) can impact the indirect diagnostics, especially in 
Stage 3. The direct detection of Borrelia using nucleotide amplification method is possible but wider 
usage of this method is difficult as it has high specificity and narrow sensitivity. In vitro culturing is ideal 
but difficult as Borrelia has fastidious growth requirements. 

The immune status of the borreliosis patient needs to be considered, especially in Stage 3 in 
conjunction with clinical symptoms in the diagnosis. Borrelia has the ability to manipulate both the 
innate and active immunity and alter the cytokines secreted hence alter the path of the immune 
response. Immune parameters such as IFN-gamma/IL-10, lymphocyte markers, complement C3a, C4a, 
and total immunoglobulin levels may help to discriminate between stages and monitor treatment 
outcomes. The level of immune dysfunction in Stage 3 may depend on the number of co-infections 
delivered by a tick bite, such as Babesia, and Rickettsia, the genospecies of Borrelia, other pathogens, the 
patients' biome and immunogenetics. 

© 2014 Elsevier Ltd. All rights reserved. 

Borreliosis has the highest incidence of any tick borne bacterial 
infection in USA, Europe and Africa [1,2). Borrelia can cause Lyme 
disease (B. burgdorferi sensu stricto (Bbss)), Lyme Borreliosis (B. 
burgdorferi senso lato group e.g. B. garinii, B. afzelii and Bbss) [3,4] 
and relapsing fever (e.g. B. hennsii, B. parkeri, B. miyamotoi) [2,5] 
(Table 1 ). Borreliosis will be used in this document to encompass 
all Borrelia infections as relapsing fever is often excluded from 
definition of Borreliosis. Non-specificity of symptoms, difficulty in 
culturing Borrelia, the diversity, the number of genospecies and the 
lack of sensitivity of indirect diagnostics make diagnosis of 
Borreliosis difficult. An over reliance on diagnostics or clinical 
symptoms can result in misdiagnosis. This paper will discuss 
immune dysfunction induced by Borrelia to disseminate and infect 
the host. Potential impact of immune dysregulation on indirect 

diagnostics and their limitations will also be discussed but 
coverage does not intent to be comprehensive. 

1. Symptoms 

Borrelia infection can result in multi-organ disease and is non
pathognomonic except in subcutaneous presentation such as the 
erythema migrans (EM) rash. Symptoms range from asymptomatic 
to debilitating. They can imitate many chronic diseases including 
motor neurone disease [6], multiple sclerosis [7], Parkinson's 
disease [8], Alzheimer's [9] and fibromyalgia [10) and CFS [11 J. 

Presentation depends on many factors including the stage of the 
disease [12) and genospecies (Table 2). 

' Corresponding author. Tel.: +61 449838887: fax: +61 291442585. 
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(M. McManus). 
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2212-9588/© 2014 Elsevier Ltd. All rights reserved. 

2. Stages of Borreliosis 

Stage 1 (early localised) symptoms can begin within 3 days of 
the tick bite with flu-like symptoms, fever, headache, myalgia,joint 
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Table 1 
Borrelia genospecies, distribution and vectors. 

Borrelia genospecies Distribution Vectors 

Lyme disease borreliae 
B. burgdorferi sensu stricto 
B. garinii 

North America, Europe, North Africa, China, Taiwan 
Europe, Russia, China, Japan, Canada, Korea, Mongolia, 
North Africa, subantartic islands 

Ixodes scapularis, /. ricinus, I. pacificus 
I. ricinus, I. persulcatus, I. cantsuga, I. hexagonus Boophilus sp. 

B. afzelii Europe, Russia, China, Japan, Korea, Mongolia 

B. japonica Japan 

I. ricinus, I. persulcatus, I. cantsuga, I. hexagonus, Boophilus sp .. 
Dermacentor spp .. Haemaphysa/is spp. 
I. ovatus 

B. lusitaniae Southwestern Europe, North Africa, Central Europe, 
Turkey, Scandinavia 

I. ricinus, I. uriae, I. hexagonus, D. marginatus 

Europe, China, Japan, South Korea, Taiwan I. ricinus, /. hexagonus, I. uriae, D. merginatus B. valaisiana 
B. bissetti 
B. spielmanii 
B. bavariensis 

USA (West, Southeast, Upper Midwest), Central Europe 
Central Europe, Hungary, Ukraine 

I. scapularis, I. affinis, I. canisuga, I. minor, I. pacificus, I. ricinus 
I. ricinus, /. hexagonus 

Central Europe, Eastern Europe, Russia, Central Asia, 
China, Japan 

I. ricinus, I. persculatus, I. triangultceps, D. reticulatus 

B. kurtenbachii 
B. finlandensis 
B. andersoni 
B. califomiensis 
B. americana 
B. carolinensis 
B. tanul<ii 
B. turdi 
B. sinica 
B. yangtzee 
B. chilensis 
B. burgdorferi sensu lato 

Haplotype A, B, C. D, E 

USA (East, North), Canada, Europe? 
Finland 
North America 
USA 
USA 
USA 
Japan 
Japan 
China 
China 
Chile 
Uruguay 

Relapsing fever Borreliae - new world 
B. hermsii USA (West) 
B. turicatae USA (Southwestern), Mexico 
B. pakeri USA (West) 
B. miyamotoi USA (Northeastern), Russia, Canada 
B. mazzottii Central America 
B. venezuelensis Central America 

Relapsing fever Borreliae - old world 
B. duttoni Sub-Saharan Africa 
B. crocidurae North Africa, Middle East 
B. persica Middle East, Central Asia 
B. hispanica Iberian Peninsula, North Africa 
B. latyschewii lran, lraq, Eastern Europe 
B. caucasia lraq, Eastern Europe 

Reptile Borrelia 
B. turica 
Borrelia sp. GP 
Borrelia sp. BF 
Borrelia sp. ST 

[78-89] . 

Turkey 
Zambia 
Sri Lanka 
Ghana 

pain, stiff neck, fatigue and EM rash, their occurrence dependent on 
the genospecies [ 13] (Table 2 ). 

Stage 2 (early disseminated) occurs weeks to months 
after initial infection and can present with generalised 
lymphadenopathy and fatigue. Neurological manifestations 

Table 2 
Clinical signs and symptoms of tick borne Borreliosis [64,12]. 

Borreliosis stage and Signs and Lyme Borreliosis group 
time frame symptoms 

Geographical location North America 

Main causative agent B. burgdorferi sensu stricto 

Stage 1 Constitutional Fever, chills, fatigue, lethargy, 
Early localised lymphadenopathy 

up to 1 month 

Skin Erythema migrans 

I. pacificus, I. scapularis, I. spiipalpis 
I. ricinus 
I. dentatus 
I. pacificus, I. spinipalpis, D. califomicus 
I. pacificus, I. minor 
I. minor 
I. tanul<i 
I. turdus 
I. ovatus 
Haemaphysalis Iongicomis, I. granulatus 
I. stilesi 
I. pararicinus 

Omithodoros hermsii 
0. turicata 
o. parkeri 
I. persculatus, I. scapularis, I. pacificus 
0. talaje 
0. rudis 

0. moubata 
o. erraticus 
0. tholozani 
0. marocanus 
0. tartakowskyi 
0. asperus 

Hyalomma aegyptium 
Amblyomma Sparsum 
Amblyomma trimaculatem 
Amblyomma latum 

may include encephalitis, cranial neunt1s, radiculoneuritis, 
paresis, carditis and migratory musculoskeletal symptoms 
(Table 2). 

Stage 3 (late disseminated) occurs from months to years after 
the initial infection in patients who are not treated or inadequately 

Eurasia 

B. garinii, B. afzelii 

Fever, chills, fatigue, lethargy, 
lymphadenopathy 

Erythema migrans 
Lymphocytoma cutis 

Relapsing fever Borreliosis group 

Africa, Europe, North, Central, South 
America, Asia 
B. hermsii, B. duttonii, B. miyamotoi 

Fever, relapsing with rigours and 
headache 
Fatigue 
Lethargy 
No obvious initial skin involvement 



Table 2 (Continued) 

Borreliosis stage and Signs and 
time frame symptoms 

Stage 2 Constitutional 
Early disseminated 

1-4 months 

Stage 3 
Late disseminated 

>4 months 

Skin 

Musculo-skeletal 

Cardiac 
Eyes 

Neurological 

Haemorrhage 

Skin 

Musculo-skeletal 

Cardiac 

Ophthalmological 

Neurological 

Castro-intestinal 

Urogenital 

Haemorrhage 

Fatality rate 
Spirochaetaemia 
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Lyme Borreliosis group 

Fever, chills, fatigue, lethargy, 
lymphadenopathy 

Multiple erythema migrans 

Myalgia 
Arthralgia 
Arthritis-severe asymmetric 
oligoarticular joint inflammation 
Muscle weakness. twitches, tremors 

Fever, chills, fatigue, lethargy, 
lymphadenopathy 

Multiple erythema migrans that can be 
associated with lymphocytoma cutis 
Myalgia 
Arthralgia 
Arthritis-less intense inflammation 

Atrioventricular block and myocarditis Atrioventricular block and myocarditis 
Conjunctivitis Conjunctivitis 
Photophobia Photophobia 

Headache, neck stiffness, Meningismus 
with or without cranial neuropathy 

Rare 

Treatment resistant arthritis, muscle 
weakness, abnormal muscle twitches, 
tremors 
Dilated cardiomyopathy, endocarditis. 
heart failure, chest pain, conduction 
and rhythm disturbances, shortness of 
breath 
Conjunctivitis, keratoconjunctivitis 
sicca, foggy or flickering vision 
Paresthesias. radiculopathy, 
encephalopathy, sleep disturbance. 
cognitive deficits such as impaired 
memory and impaired concentration, 
dizziness. polyneuropathy, numbness. 
tingling, Bell's palsy, speech and 
swallowing difficulties, gait 
disturbance, depression, paranoia, 
anxiety, panic attacks, hallucinations. 
photophobia 

Gastritis, nausea, vomiting, diarrhoea, 
constipation, stomach pain 

Irritable bladder, interstitial cystitis, 
testicular or pelvic pain, decreased 
libido, unexplained menstrual 
irregularity, unexplained milk 
production 

Fewer meningeal signs, prominent 
radiculopathy, encephalomyelitis and 
cranial neuropathy, including facial 
palsy, optic neuritis, vestibular 
neuronitis and oculomotor palsy 
(mostly B. garinii) cognitive 
abnormalities 

Acrodermatitis Chronica Atrophins 
(ACA - B. afzelii) 
Rare 

Congestive cardiomyopathy, 
endocarditis, cardiomyopathy, angina, 
arrhythmias, dyspnoea 

Conjunctivitis, keratoconjunctivitis 
circa, foggy or flickering vision 
Paresthesias, radiculopathy, sleep 
disturbance, cognitive deficits such as 
impaired memory and impaired 
concentration, sensory deficits in areas 
affected by ACA, encephalopathy, 
dizziness, polyneuropathy, numbness. 
tingling, Bell's palsy, speech and 
swa llowing difficulties, gait 
disturbance, depression, paranoia, 
anxiety, panic attacks, hallucinations, 
photophobia 

Gastritis, nausea, vomiting, diarrhoea, 
constipation, stomach pain 

Irritable bladder, interstitial cystitis, 
testicular or pelvic pain, decreased 
libido, unexplained menstrual 
irregularity, unexplained milk 
production 

Relapsing fever Borreliosis group 

Fever, relapsing with rigours and 
headache 
Fatigue 
Lethargy 

Myalgia 
Arthralgia 
Arthritis 

Cardi tis 
lri tis 
lridocyclitis 
Photophobia 
Meningitis 
Cranial-nerve palsies 
Encephalitis 
Hemiplegia 
Seizures 
Coma 

Cerebral haemorrhage 
Petechiae 
Epistaxis 
Haemoptysis 
Haematuria 
Haematemesis 

Rash 

Myalgia 
Arthralgia 
Arthritis 
Carditis, myocarditis 
Congestive cardiomyopathy, 
endocarditis, cardiomyopathy, angina, 
arrhythmias, dyspnoea 
lritis 
lridocyclitis 
Meningitis, cranial-nerve palsies, 
encephalitis, hemiplegia, 

83 

Seizures, coma, paresthesias. 
radiculopathy, insomnia, hypersomnia, 
narcolepsy, catalepsy cognitive deficits 
such as impaired memory and impaired 
concentration, dizziness, 
polyneuropathy, extra-pyramidal 
symptoms, tingling, Bell's palsy, 
dysarthia and dysphagia, gait 
disturbance, flaccid paralysis 
depression, paranoia, anxiety, panic 
attacks, hallucinations, photophobia 
Gastritis, nausea. vomiting, diarrhoea, 
constipation, stomach pain, jaundice, 
hepatamegaly, spleenomegaly 
Irritable bladder, interstitial cystitis, 
testicular or pelvic pain, decreased 
libido, unexplained menstrual 
irregularity, unexplained milk 
production? 
Cerebral haemorrhage 
Petechiae 
Epistaxis 
Haemoptysis 
Haematuria 
Haematemesis 

Very low density spirochaetaemia in blood, micro-aerophillic and disseminates High density spirochaetaemia in blood 
from hematogenous areas to tissue such as CNS, synovium, skin 

treated [14]. It can develop with gradual intensity from Stage 1 
[ 15 ]. Symptoms seen in Stage 3 are usually more severe and 
include neurological, cardiac, dermatological, cognitive and 
arthritic presentations (Table 2 ). 

3. Immune evasion 

Micro-organisms have developed sophisticated methods of 
facilitating survival in host. Borrelia, a spirochete bacterium, has 
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evolved many strategies to ensure survival including utilising 
arthropod salivary proteins (sialostatin, Sal 15) to assist establish
ment of infection by inhibiting T and dendritic cells [16,17]. 
Borrelia prefers micro-anaerobic environments where the immune 
surveillance is low such as the CNS, joints and skin. To survive in 
the host, Borrelia has adopted a communication mechanism, 
quorum sensing to communicate with other bacteria in the colony 
network [18]. Borrelia can inhabit biofilm with other symbiotic 
pathogens and evade the immune system and antimicrobials [19]. 
It can create and release blebs, encapsulated bits of Borrelia DNA to 
distract the immune system (20]. 

Borrelia is a pleomorphic bacterium ( exists as spirochaetal, 
L- and cyst form) [9], with a very slow replication rate (12-24 h in 
vitro) [21 ]. Borrelia can employ multiple methods of antigenic 
variation of its outer surface proteins to evade immune detection. 
It has 21 or more plasmids which enable it to change antigenicity 
and adapt its survival in the tick and the host (22,23 ]. B. hermsii, 
relapsing fever Borrelia alters its variable outer membrane protein 
(Vmp) regularly which elicits waves of spirochaetemia of different 
antigen type, and as a result prolonged IgM response [24]. 
Whereas, B. burgdorferi sensu Lato employs segmental recombina
tion which results in a large number of Borrelia strains each with 
different VlsE (variable membrane protein-like sequence 
expressed lipoprotein) [24]. These differences can be responsible 
for symptom variation between genospecies [25,3 ]. 

The L-form lacks a cell wall allowing intracellular location and 
evasion of the immune system cystic forms (intra- or extracellular) 
that may be dormant, non-metabolising, and non-immunogenic, 
and may represent persistent Borrelia infection [9]. The clinical 
relevance of pleomorphic forms is not well understood [26]. 
Brazilian Borrelia (Baggio-Yoshinari syndrome) is unusual in that 
only the L-form has been detected, not a spirochaete (27]. Borrelia 
has the capacity to move faster than a human neutrophil, the 
fastest moving immune cell [28] which represents another survival 
mechanism. 

With such efficient survival methods it may be difficult to 
eradicate in the disseminated stage. 

4. Immune dysregulation 

There is a growing body of evidence in literature that indicate 
the presence of significant immune dysfunction in tick borne 
infections including Borreliosis. The level of immune dysfunction is 
determined by the host's immune system, number of tick bites, 
pathogen load, genospecies, strains and the number of co
infections delivered by the tick [24,29,30]. Alteration of Borrelia 
outer surface proteins (Osp), A-E expression inhibits complement 
activation which aids to establish infection (31-33]. 

4.1. T cell dependent/independent response 

Immune response to Borrelia involves pattern recogmt10n 
receptors (PRR)-like Toll-like receptors (TLR) or intracellular 
nucleotide binding oligomerisation domain ((NOD 1,2) proteins) 
[34] and C-type lectin receptors such as the mannose receptor (32]. 
The recognition by dendritic cells initiate the production of 
immune regulatory cytokines which affect innate and the adaptive 
immune system. Recognition of Borrelia by TLR7 and TLR9 induces 
IFN-alpha and beta response in human immune cells (35,36]. 
Generally, IFN-alpha is produced in response to viral infections and 
IFN-gamma in response to viral and intracellular bacterial 
infections [29]. In Stage 1 Borreliosis there is no or minimal 
disruption to IFN alpha, beta, and gamma production (37-39]. 
However in Stage 3 there may be diminished or no IFN-gamma (40] 
and increased IFN-alpha production [ 41 ]. Normally IFN-gamma 
induces an efficacious immune response by the development of the 

Th1, T cell immunity, involving IL-1 and opsonising complement 
fixing antibodies and activation of NI< cell mediated immunity 
[42]. In contrast, the Th2, T cell independent pathway phenotype, 
results in IL-4 production and plasma cells producing non-cytolytic 
antibodies, an inefficient immune response. With diminished 
IFN-gamma, there is preferential diversion to the Th2 response 
(Fig. 1 ). Th1 response addresses intracellular and extracellular 
infections while Th2 response mainly addresses extracellular 
infections [34,24]. Borrelia can evade the Th2 response by 
switching to the intracellular L-form. This switch may reflect 
the transition from Stage 1/2 to Stage 3 Borreliosis. 

Borrelia can also induce the production of anti-inflammatory 
cytokines, IL-10 [43], adrenomedullin [44] and anti-alarmins (45]. 
This immune dysregulation may be reflected in the ratio of 
IFN-gamma and IL-10 and may correlate to the Stage of Borrelia 
infection. The normalisation of this ratio may also reflect the 
recovery of the immune system and the effectiveness of the 
treatment protocols. However, due to the diversity of the immune 
dysfunction the standard IFN-gamma/IL-10 ratio may not be 
applicable to all Stage 3 patients. The clinical symptoms, the length 
of illness, the co-infections and other immune parameters need to 
be considered. 

Generally, isotype switching from low affinity (lgM) to high 
affinity (lgG) antibodies results in increased efficacy of the immune 
system. T cell dependent response expression of CD40 and/or COX 
1 receptors enables the secretion of different lg isotypes, formation 
of germinal centres and memory B cell establishment (46,47]. Th1 
and IFN-gamma can induce the production of IgG1 (high affinity) 
antibodies. Cytokine release can be manipulated by Borrelia and 
alter the level of lg isotypes and isotype subclasses. For example 
IL-4 has a role in IgG4, IgE production. IL-5 and TGF-beta has role in 
IgA production [48,49]. In Stage 3 Borreliosis total antibody 
isotypes' levels can vary significantly in mice [50]. IgE levels can 
alter significantly in the presence of parasites and increase the risk 
of allergies as documented for red meat following tick bites [ 51,52] 
(Fig. 2). 

4.2. Modulation of NF-I< beta (nuclear factor-I< beta) by Borrelia 

Borrelia inhibits CD14, a co-receptor of both TLR2 and TLR4 and 
complement receptor 3 (CR3) [53]. Inhibition of TLR2 and TLR7 
receptors by Borrelia modifies NF-k beta activation and not only 
diminishes the antibody mediated T cell cytotoxicity but also 
determines the types of interferon being released [54,36]. NF-k 
beta regulates the activation of different cytokine genes thereby 
controlling which phenotype (Th1 or Th2) is activated. The Th2 
phenotype results in IL-4 production and plasma cells producing 
non-cytolytic antibodies, an inefficient immune response (Fig. 1 ). 
This is in contrast to the Th1 phenotype response resulting in 
IFN-gamma, IL-1 and opsonising complement fixing antibodies 
and activation of NI< cell mediated immunity, a more efficacious 
immune response (42]. 

Measuring complement proteins C3a, C4a, NI< cell marker 
(CD57), a plasma cell marker (CD19) from germinal centres, T 
helper cells (CD4), cytotoxic T cells (CDS), and dendritic cells 
(CD14) involved in Th1 immune response levels can reflect the 
individual patient's heterogeneity of immune dysfunction (55,56]. 

5. Diagnostics 

Interpretation of diagnostic results needs be in the context of 
symptomology, risk of tick exposure and/or travel history. Immune 
status needs to be considered in diagnosis, particularly in 
suspected Stage 3 Borreliosis. This may impact on the sensitivity 
of diagnostic tests that are based upon lymphocyte (B or T cell) 
mediated immune response to Borrelia. 
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--Borrelia ···. 
Stage Ill LB 

Inhibition 

by Borrelia 

85 

Fig. 1. Summary of immune response to Borrelia. Thl profile is where the immune system is most efficient. Thl is initiated by Borrelia proteins (Stages 1 and 2) and there is 
recruitment ofT cells in antigen processing. Th2 profile in contrast involves immune response to Borrelia without or very limited Tcell support and involves Tcell independent 
antigens. Borrelia cell membrane has different antigens and they are processed differently from other Gram-negative bacteria. Germinal centres are sites in secondary 
lymphoid organs to differentiate and matu re and sites where lg isotype switching can occur. 

5.1. B cell based Indirect Serology Assays - the 2 tier system 

The CDC USA recommends the 2 tier test criteria. The first tier assay 
is ELISA/IFA. and if either test is positive or equivocal a confirmatory 
Immunoblot/Western blot (WB) test is performed. This allows for any 
false positives to be detected by the more specific WB. Indirect assays 
based on antibody production assume immune-competency and as 
outlined above. Borreliosis patients (pa1ticularly Stage 3) can present 
with diversity of immune dysfunction [24,40,41,43,44,46,57). 

5.1.1. ELISA/IFA - Indirect Immunoassay 
ELISA (Enzyme Linked Jmmuno Absorbent Serology Assay) 

and !FA (Jmmuno Fluorescent Assay are simple, inexpensive. fast 
and multiple patients can be tested in one assay. It is ideal for 
infections where there is one known pathogenic species and 
bacterial/viral antigens are relatively stable. Multiple Borrelia 
genospecies, with great antigenic variability, is problematic for 
ELISA sensitivity. Routinely ELISA is employed for IgG and/or 
IgM. 

[ 
Immune response to an intracellular Borrelia lntechon 

(early and late stage borreliosis) 

p38, MAPK-1 activation • I.II·, . . 
phagocytic ce lls , , 

macrophage maturation 
into dendritic cells 

via CD38 expression 

Intracellular infection 

t IFN-y -. 
modulated NF-KJ3 

-~~ 
t ranscript ion of cytokine genes 
modulated cytokine productio n 

NOD2 
lntracellelM ar pattern 
re cognot,on receptor 

, - lgM-. V 1gG 
· ant ibody isotype switching 

CD40/Cox1 
expression 
on B cells 

Opsonizi ng Abs 

cell death 
(dying neurone) 

Fig. 2. Mechanism of immune modulation by Borrelia. Inhibition of P38, an MAPK-1 (mitogen activated protein kinase 1 ), an extracellular signal regulating kinase involved in 
proliferation and differentiation by Borrelia, leads to inhibition of CD38 which is crucial in maturation of dendrit ic cells. Without active dendritic cells Borrelia is not 
phagocytised and intracellular pattern recognition receptors NOD2 are not activated. Inhibi tion of CD3 and CD14 (co-receptor that activate TLR2 ) prevents complement 
activation. There is diminished IFN gamma prod uction and ensuing NF-k beta modulation cause altered cytokine production which is bias towards Th2 immune response and 
allow Borrelia to disseminate uninhibited. This scenario is more likely to occur in Stage 3 Borreliosis. 
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5.1.2. lmmunoblot/Westem blot 
The immunoblot assay is normally used to confirm the results 

of ELISA and !FA and employs multiple antigens from whole cell 
lysates or recombinant antigens of one or more Borrelia species 
increasing specificity [58]. lmmunoblots can test for an lgM or IgG 
response. A positive lgM immunoblot constitutes of two bands 
from 23-25, 39 and 41 kDa if performed within 1 month of tick 
bite/symptom development (CDC USA). A positive lgG immunoblot 
criterion is 5 bands out of 10 to be classified positive from 18, 23-
25, 28, 30, 39, 41 , 45, 58, 66 and 83-93 kDa ( CDC USA). The 41 kDa 
flagellin band is not specific for Borrelia as it can cross-react with 
antibodies against syphilis or other spirochaetes. The specific 
bands 31 and 34 kDa are not accepted in USA as they were used in a 
vaccine against Borrelia previously. This exclusion should not apply 
to patients who have not received the vaccine. 

Antigenicity is also species dependent [59], with B. burgdorferi 
sensu stricto being highly antigenic and as such the five band 
criteria is appropriate; however the European species B. afzelii and 
B. garinii are less antigenic and hence the criteria is proposed to be 
2'.2 lgG bands of the following: 83/100, 58, 43, 39, 30, Osp(, 21, 
Osp17, 14 kDa and 2'. 1 IgM band of p41(strong), 39, Ospc, DbpA 
(Osp17). CDC USA criteria need to be re-evaluated when patients 
present with a Lyme-like illness from an area of indeterminate 
endemicity. In such cases a detailed travel history for possible 
exposure in endemic areas (Europe, USA, Asia and Africa) and a 
broad approach to testing is recommended where a link cannot be 
made through travel history. The CDC USA criteria may not be 
suitable for Eurasian Lyme Borreliosis or the relapsing fever 
Borrelia which is endemic in Europe, Asia, Africa, South America, 
Middle East and the West Coast of USA [60]. 

5.1.3. Limitations of ELISA/IFA/WB 
If tested in early infection, <4 weeks post-tick bite, a false 

negative may result from insufficient or delayed IgM production 
[61 ]. If lgM does not seroconvert to IgG > 1 month this is classified 
as a negative but can be false negative [62]. The role of lgM in 
intracellular infections and relapsing fever Borrelia [63,64] is often 
not considered neither is lgE [ 52] nor lgA [ 65 ]. Studies in macaque's 
monkeys have shown that immunosuppressed monkeys have 
continually produced lgM and not sera convert [66]. Borrelia has 
been demonstrated to affect lgG subclass switching resulting in 
production of low affinity lgG2b which may not bind efficiently to 
antigen and may result in a false negative [50]. Sensitivity is also 
dependent on the type of antigen used (recombinant or whole cell 
lysate), the Borrelia species and the strain used. Antibodies raised 
against a European species may not be detected on a test based on 
antigens from USA species reducing sensitivity to 22% in a 2 tier 
assay [67] . There are multiple serology assay kits available and 
without standardisation there can be variability between kits [ 68 ]. 

In some situations with antibiotic therapy for 4-6 weeks 
patients can seroconvert and if retested return positive IgG [69] . 

The immune status of the patient in conjunction with clinical 
symptoms needs to be considered in the diagnosis. To assist 
diagnosis of potential Stage 3 (possibly Stage 2) Borreliosis where 
WB bands do not meet positive criteria it may be helpful to 
consider immune status parameters such as CD40+, CD14+, CD4+, 
CD8+, C57+CD3-, CD19+ other lymphocyte markers, total lgG 
(subclasses), IgA, lgE, lgM and lgD levels, and IFN-gamma/lL-10 
ratio. Any abnormalities in these immune parameters can aid in 
the diagnosis, monitor therapy and recovery from Borreliosis. 

5.2. T cell based assays 

5.2.1 . ELISPOT - Enzyme Linked lmmunoabsorbent Spot Assay 
A common way of measuring T cell response to Borrelia is 

ELISPOT - Lymphocyte Transformation Test which relies on the 

PBL (peripheral blood lymphocyte) response to Borrelia antigens 
(recombinant, or whole cell lysate). Response is measured either as 
3 H-thymidine uptake or number of IFN-gamma producing cells. In 
acute Borreliosis IgM and lgG antibodies are not easily detectable 
until several weeks after infection [70] and any significant immune 
dysfunction would be negligible. Therefore ELISPOT test would be 
useful in Stages 1 and 2 of Borreliosis. If there is an immune 
response shift to Th2 state with decreased levels oflFN-gamma and 
T cell response (CD14, TLR2, TLR4 inhibition) the ELISPOT result 
may not correlate with clinical symptoms, most relevant in Stage 3. 
The immune status parameters like the IFN-gamma/lL-10 ratio and 
CD40+, CD4+, CD8+, lgG subclasses especially IgG3 would 
corroborate the negative ELISPOT results. 

In Stage 1 and 2 Borreliosis ELISPOT can be a useful tool to 
monitor treatment outcomes as positive ELISPOT results decline 
significantly post-antibiotic treatment [71,72]. Like other indirect 
tests the results need to be interpreted in conjunction with the 
immune status and the clinical symptoms of the patient. 

5.2.2. LIT-MELISA (Memory Enzyme Linked lmmunostimulation 
Assay) 

MELISA is also a lymphocyte transformation assay that 
measures T cell response to Borrelia [73] . MELISA uses well 
defined recombinant Borrelia antigens, not whole cell lysates, 
higher number of PBL and claim to have high reproducibility and 
clinical use as it measures the activation of memory lymphocytes, 
that is, the state of active infection. Like other indirect tests the 
results need to be interpreted in conjunction with the immune 
status and the clinical symptoms of the patient. 

6. C6 antigen assay - VlsE C6 peptide assay 

The C6 antigen assay (26 mer peptide from the sixth invariable 
region ofVlsE) of B. burgdorferi [ 61] should be sensitive and specific 
as this region is conserved across the genus. In USA C6 assay failed 
to detect 1 out 3 ribosomal spacer defined genotypes of Borrelia 
[74]. This would translate to 33% failure of the C6 antigen assay in 
the USA East Coast the centre of B. burgdorferi sensu stricto 
infection. As a result a single C6 test approach recombinant VslE 
immunoassay [75], or immunoblot [60], was not as sensitive as the 
2 tier approach. 

7. Direct Diagnostic Techniques 

Commonly employed Direct Diagnostic Techniques include 
culture from tissue specimens, microscopy techniques and Nucleic 
Acid Amplification Techniques (NMT). 

7.1. Culture and microscopy 

Culture of micro-organisms has long been considered the "gold 
standard" of diagnostics. This is also true for Borrelia but there are 
limitations. Culture can take weeks to months due to prolonged 
generation time (12 h or longer) [76,21 ]; it is expensive, labour 
intensive; and cannot be used once antimicrobial therapy has been 
initiated [7]. Skin biopsy samples (EM rash or ACA skin lesions and 
lymphocytoma) show reasonable sensitivity; however CSF, blood 
or synovial tissue has low sensitivity [77]. 

7.2. Nucleic Acid Amplification Techniques (NAAT) 

In regions where epidemiological, clinical or serological data 
are available it is possible to develop specific molecular tools for 
the detection of Borrelia. NMT employ Polymerase Chain Reaction 
(PCR) a sensitive, specific and fast method of detection to allow for 
early treatment. The target gene ideally is sufficiently conserved to 
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allow amplification of multiple species of Borrelia but sufficiently 
different to allow discrimination between species [78]. Primers 
define the specificity of the PCR and the sensitivity is influenced by 
reaction parameters such as annealing temperatures, concentra
tion of primers, quality and quantity of template DNA and the 
presence of inhibitors. Currently there are 18 species within the 
Lyme Borreliosis (LB) group [79] and 18 species within the 
Relapsing fever group [80,81] (Table 1) and endemic regions are 
expanding in both Northern and Southern hemispheres and 
clinicians need to consider carefully the patient information in 
regards to travel to possible endemic regions. If tick bite occurred 
in a country of indeterminate endemicity then a more conse1ved 
approach to gene targets would be warranted. 

NAAT has limitations (Table 3); PCR results show reasonable 
sensitivity with cutaneous presentations of Borreliosis but low 
sensitivity in extra-cutaneous presentations such as neuroborre
liosis. Skin biopsies have higher sensitivity than CSF, blood, plasma 
and synovial tissue [77]. False negatives (inappropriate choice of 
primers or PCR conditions or presence of inhibitors) and false 
positives (due to contamination) are possible. Numbers of 
spirochaetes in tissue, storage and transport of tissue affect the 
outcome [82]. In cases of suspected relapsing fever, blood 
collection should occur at the time of fever, when the bacteraemia 
is high [2]. 

Table 3 

Real time PCR (rtPCR) is a more sensitive, quantitative method 
[83]. Multiplex rtPCR can be conducted on either multiple 
genospecies of Borrelia or in addition multiple tick pathogens [83 ]. 

8. Summary 

Understanding the immune dysregulation induced by Borrelia 
and co-infections can aid the interpretation of diagnostics and 
improve diagnosis of Borreliosis. Present diagnostics do not 
discriminate between different stages of Borreliosis. In addition 
indirect diagnostics reliant on the immune response assume 
immuno-competence of the host in all stages of Borreliosis. This 
document has tried to highlight that apart from immune evasion 
aided by tick saliva in Stages 1 and 2, there is ongoing immune 
dysfunction in the established disseminated Stage 3 Borreliosis. 
The limitations of indirect diagnostics are highlighted in the 
context of these assumptions. Immune status parameters such as 
JFN-gamma/IL-10 ratio are suggested as an objective method of 
discriminating between stages, monitor efficacy of treatment, 
restoration of T cell dependent, and a more efficacious immune 
response. The possible reason for the prolonged IgM response 
observed in Stage 3 Borreliosis may be explained either by 
genospecies involved in symptomology is relapsing fever Borrelia 

Comparison of diagnostic tests for Borreliosis. Indirect tests that rely on an immune response are contraindicated in immunocompromised individuals. 

Indirect Diagnostic Test 
ELISA - Enzyme Linked 

Immuno-sorbent Assay 

Western blot 

ELISPOT - Lymphocyte 
Transformation Test - LIT 

LIT-MELISA (Memory Enzyme Linked 
lmmuno Stimulation Assay) 

C6 antigen assay - VlsE C6 
peptide assay 

Direct Diagnostic Test 
Culture 

Microscopy 

Nucleic Acid Amplification 
Techniques - NAAT (PCR) 

Advantages 

• Inexpensive 
• Gives an indication of whether IgM or IgG 
immunoglobulins can be detected against 
Borrelia antigens 

• Higher specificity than ELISA 
• Allows discrimination between genus and 
species specific antigens 

• Earlier detection of T cell response compared 
to IgG 
• Can measure treatment outcomes 

• Earlier detection of T cell response compared 
to lgG 
• Can measure treatment outcomes 

• C6 antigen is highly immunogenic 
• Inexpensive 

• Detects active infection 
• Growth and better detection using PCR, and 
labelling and microscopy 
• Highest sensitivity with skin biopsy 
• 40% EM, 22% ACA, 24% lymphocytoma 

• Detects active infection 
• Direct visualisation 
• Can be confirmed monoclonal antibody or 
DNA confirmation with PCR) 

• Sensitive, specific and is a fast 
• Detects recent infection 
• Narrow sensitivity and high specificity 
• DNA sequences can be obtained 
• Quantification using rtPCR 
• Monitoring levels of 

Limitations 

• Sensitivity species dependent 
• Cross-reactivity of some antigens (Flagellin) 
• Not distinguish from active and past infection clearly 
• A specific prolonged lgM response for relapsing fever can be 
interpreted as false positive 

• Sensitivity can be species dependent e.g.; relapsing fever 
Borrelia vs Lyme Borrelia 
• Not distinguish between active or past infection 
• Prolonged lgM response for relapsing fever may be 
interpreted as a false positive 
o lmmunogenic diversity in genospecies makes it difficult to use 
one criterion (> 5 bands) for positive response. 

• T cell response may not be specific 

• T cell recognition may not be specific 

• Sensitivity is dependent on the C6 antigen expressed in VlsE. 
Segmental recombination adds greater diversity and sensitivity 
varies with genospecies 

• Long incubation time due slow replication time (12h or 
longer) 
• Fastidious growth requirements difficult to culture 
• Low levels in CSF, blood, synovium ( < 10%) 
• EM rash may not occur, depended on genospecies 
• Only for patients who have not had antibiotic therapy 

• Specimen collection during periods of high activity e.g. high 
spirochaetaemia in Relapsing fever 
• Confirmation with PCR or monoclonal fluorescent antibody 
required. 

• Not detecting all genospecies due to high diversity among 
genospecies 
• Inhibition of PCR process due to sample contents 
• Possible contamination if control/strict procedures are not 
abided to. Sequencing of all amplicons would detect 
contamination 
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or due to immunosuppression isotype switching is inhibited so 
IgM to IgG switch may not occur. 

The salient points: 

• Interpretation of indirect diagnostics of Borreliosis can be 
complicated due to immune dysregulation by Borrelia and other 
tick borne pathogens. 

• Serology testing of Borreliosis patients can result in false 
negatives (ELISA and Western blot) due to production of low 
affinity IgG subclasses and reduced total IgG. 

• Prolonged IgM response observed could be due to relapsing fever 
Borrelia infection or inhibition of isotype switching prevention of 
the IgG response. 

Additional immune-markers may help to determine the extent of 
the immune dysregulation and better interpretation of diagnostics. 
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