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Abstract: Tick bites acquired in the northern or southern hemispheres can transmit microbes that may cause 

illness. The most prevalent infection is Lyme Disease, with all proven cases to date having been acquired in the 

northern hemisphere. The existence of endemic Lyme disease (LD) in Australia has not been proven explicitly, 

and there is uncertainty concerning the cause of “Lyme-like” disease (LLD) in Australia. As many tick-borne 

infections (TBIs) are diagnosed by serology, validated assays for use in both the northern and southern 

hemispheres are required. Using a multiplex enzyme-linked immunosorbent assay (TICKPLEX®), two 

independent laboratories tested a total of 53 well-characterized reference sera that consisted of 33 samples from 

northern hemisphere patients with confirmed tick-borne disease (TBD) and 20 randomly selected sera from 

Australian patients with suspected TBIs, presenting with or without LLD. Antibody responses to multiple 

microbial antigens from causative agents of TBDs were found. High concordance between laboratories was 

demonstrated on this small set of samples. The results obtained provide the basis for further evaluation of 

TICKPLEX® on a larger number of samples from Australian patients with suspected TBIs. 
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1. Introduction 

Globally, after mosquitoes, ticks are the second most common agents that transmit human 

vector-borne diseases, of which the most common tick-borne disease (TBD) is Lyme disease (LD) 

((CDC), n.d.; Dong et al., 2022). Infection with Borrelia burgdorferi sensu lato (Bb s.l.), the causative 

agent of LD, is the most frequently reported tickborne illness (TBI) globally. Dong et al. indicated 

varying levels of seroprevalence for Borrelia burgdorferi (Bb) in different regions, for example, 20.7% 

in Central Europe, 15.9% in Eastern Asia, 13.5% in Western Europe, 10.4% in Eastern Europe, 5.3% in 

Oceania, 3.0% in Southern Asia, and 2.0% in the Caribbean (Dong et al., 2022). However, these 

numbers mainly come from areas where LD is common and may not reflect the global situation (Dong 

et al., 2022). Data from non-endemic regions, like Africa, are often missing, making it hard to estimate 

a global rate (Dong et al., 2022). For 2022, the state and local health departments in the United States 

reported 62,551 LD cases to the Centers for Disease Control and Prevention (CDC) (Kugeler et al., 

2024)These numbers may be a gross underestimate, as suggested by other studies. For example, for 

LD alone, the actual number is between 3- and 12-fold higher than reported (Kugeler et al., 2021; 

Schwartz et al., 2021). The existence of endemic Lyme disease (LD) in Australia has not been proven, 

and there is uncertainty concerning the cause of “Lyme-like” disease (LLD) in Australia. This has 

been the subject of debate for over 30 years. Spirochaetes of the Bb complex, which includes those 

that cause LD, have been identified in Australian patients and ticks (Wills and Barry, 1991; Barry et 

al., 1994; Hudson et al., 1994, 1998; Catherine, 1995), but conclusive evidence has not been provided 

according to other studies (Russell et al., 1994; Chalada et al., 2016; Collignon et al., 2016; Gofton et 

al., 2022). Nevertheless, Australian patients, some of whom have not travelled overseas (Barry et al., 

1994; Hudson et al., 1998), have been identified with LLD and have symptoms consistent with LD 
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(Stewart et al., 1982; Lawrence et al., 1986; McCrossin, 1986; N, 1987; Maud and Berk, 2013; Brown, 

2018; Shah et al., 2019). 

The incidence of LLD is likely underestimated in Australia due to a lack of public health 

surveillance programs for TBD, including LLD. Despite many reports of patients suffering severe 

illness following a tick bite, many such case reports are dismissed (Australia, 2016; Brown, 2018). In 

2018, the Australian Government proposed the diagnostic label ‘Debilitating Symptom Complexes 

Attributed to Ticks’ (DSCATT) for a chronic syndrome of unclear etiology associated with tick bites 

(Haisman-Welsh and Marshall, 2020). However, to date, the number of cases of TBDs remains 

unclear. The evidence that describes the relationship between tick bites and DSCATT in Australia is 

limited to only one publication with a sample size of 29 patients (Schnall et al., 2022). Anecdotal 

reports from general practitioners, local governments, and concerned community members indicate 

that TBI is a significant public health issue (Australia, 2016). 

Three human TBDs are universally recognized as endemic in Australia: Q fever (Coxiella burnetii) 

and spotted fevers caused by Rickettsia australis and Rickettsia honei (Graves and Stenos, 2017). 

Additionally, there is concern about unidentified TBIs in Australia (i.e., not caused by Rickettsia and 

Coxiella), such that a broader range of testing is required for other microbial causes of TBI (Graves 

and Stenos, 2017). 

For LD, the diagnosis of LLD may still be a clinical diagnosis. A history of tick exposure (or 

travel to an endemic area) and secondary or tertiary manifestations may suggest LD. However, the 

differential diagnosis includes aseptic meningitis, Bell’s palsy, peripheral neuropathy, multiple 

sclerosis, acute and chronic arthritis (Sanchez, 2015), and, in Australia, arbovirus infections such as 

epidemic polyarthritis (Ross River), and well-known TBD such as tick typhus (spotted fever) (Sexton 

et al., 1990; Graves et al., 1991; PINN and SOWDEN, 1998; Harley et al., 2001; Fergie et al., 2017; 

Stewart et al., 2017). Queensland tick typhus (QTT), the classic Australian spotted fever caused by 

Rickettsia australis, is a common illness in the Northern Beaches Council area following a tick bite, 

causing fever, rash, and characteristic skin lesions (often vesicular or even pustular), usually with an 

eschar at the bite site. QTT is occasionally fatal, but early recognition and implementation of 

appropriate antibiotic treatment usually leads to rapid resolution of illness. A confirmed diagnosis of 

QTT is based on immunofluorescent antibody (IFA) and specific R. australis polymerase chain 

reaction (PCR) tests. A confirmed diagnosis of LD is made by either PCR or culture of the causative 

spirochaete from patient samples, mainly skin biopsies. Culture, however, is impractical for routine 

diagnosis, PCR is not widely available, and few patients undergo skin biopsy. Accordingly, the 

diagnosis must be confirmed by measuring the antibody response to the spirochaete, usually by 

immunofluorescence assay (IFA) or enzyme-linked immunosorbent assay (ELISA). These tests were 

originally notorious for their lack of both sensitivity and specificity, so western blot (WB) tests were 

recommended for confirmatory testing, providing a higher degree of specificity. A two-step ELISA 

approach has been shown to perform as well as the ELISA/IFA and WB approach (Branda et al., 2017). 

The most recent development in the laboratory diagnosis of early LD has been the use of PCR, which 

detects the presence of Bb s.l. in samples such as skin biopsies, synovial fluid, cerebrospinal fluid, and 

blood, with skin biopsy and synovial fluid being the usual samples that are submitted for PCR. An 

Australian study investigated the variation between Australian laboratories performing serology for 

LD and reported that conflicting results existed between testing laboratories and that such 

discrepancies caused patients to question the validity of the results (Best et al., 2019). The authors 

aimed to find an agreement between assays commonly used for Bb s.l. serology tests. They concluded 

that there was discordance in results between laboratories that was more likely due to operational 

and performance variations in assay testing algorithms. In the known seronegative population, the 

specificities of immunoassays ranged from 97.7%-99.7%. In Australia, with its low prevalence of 

seropositivity, this would equate to a positive predictive value (PPV) of less than 4% (Best et al., 2019). 

This study's main objective was to evaluate the performance and reliability of TICKPLEX® at 

Tezted Ltd. in Finland and the Royal North Shore Hospital in Australia, focusing on the concordance 

of results between these laboratories. The focus was on the results from pre-characterized reference 
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samples from Australian patients with and without LLD, compared with reference serum samples 

from SeraCare Life Sciences Inc. and the Plasma Services Group. 

2. Materials and Methods 

Within this study, two independent laboratories, Tezted Ltd. (FIN) and Royal North Shore 

Hospital, New South Wales Pathology [North Sydney, Australia (AUS)], used the multiplex enzyme-

linked immunosorbent assay TICKPLEX® (Garg et al., 2021) to evaluate the performance of the test 

in Australia for the first time under Research Use Only (RUO) conditions using the ODI. TICKPLEX® 

has been validated by the manufacturer to determine TBD-specific antibody responses (IgG and IgM) 

in human sera or plasma with or without glycerol. 

TICKPLEX® PLUS (hereon referred to as TICKPLEX® or Index test or Index Assay) is a CE-IVD 

registered product (European In-Vitro Diagnostic Devices Directive (98/79/EC) and legacy compliant 

2017/746 IVDR) manufactured under ISO 13485:2016 accredited facility in Tezted Ltd, Jyväskylä, 

Finland. For this evaluation, we used the TICKPLEX® PLUS FOR RESEARCH USE ONLY 

Instructions (Version 17). This Index Assay was chosen because it can simultaneously test for IgM 

and IgG antibodies to multiple microbes (Garg et al., 2021). If one were to replicate all the testing of 

what TICKPLEX® can do, 30 tests would be needed instead of one. The Index Assay is an indirect 

ELISA that measures the immunoglobulin M (IgM) and immunoglobulin G (IgG) responses in human 

serum samples against Borrelia burgdorferi sensu lato species in spirochete and persistent forms, 

coinfections, and opportunistic microbes associated with a tick bite. Specifically, the index test 

includes antigens from Borrelia burgdorferi sensu stricto, Borrelia afzelii, Borrelia garinii in spirochete and 

persistent forms, Babesia microti, Bartonella henselae, Ehrlichia chaffeensis, Rickettsia akari, 

Coxsackievirus, Epstein–Barr virus, Human Parvovirus B19, Mycoplasma fermentans, and Mycoplasma 

pneumoniae. 

2.1. Material Used 

Fifty-three serum samples were analyzed using the Index Assay to assess exposure to tick-borne 

disease-related pathogens. Of these samples, 33 were Lyme reference sera obtained from SeraCare 

Life Sciences Inc. (USA) subsidiary in France and the Plasma Services Group (USA), while 20 were 

randomly selected well-characterized reference sera samples from Australia (Table 1). To ensure 

unbiased analysis, the previous diagnoses of all patients were blinded for operators in both 

laboratories, and operators followed the instructions for use (IFU) for the Index Assay. Results from 

both laboratories were shared once the tests were completed.  

To establish an inter-laboratory agreement, 28 out of the 53 serum samples had enough volume 

to be shared between Tezted Ltd in Finland, and the Royal North Shore Hospital (New South Wales 

Health Pathology) in Sydney, Australia (Table 1). Among these shared samples, 22 of the 28, had been 

tested for Lyme like disease previously. The results were not known to the researchers, allowing for 

an unbiased assessment of agreement between the combined IgM and IgG Index Assay results in 

both sites. Out of the 53 reference samples, the remaining 25 were analyzed solely at Tezted Ltd. 

It Is important to note that the serum samples shared by the Australian lab were not diluted in 

30% glycerol. In contrast, the samples shared by Tezted Ltd. were diluted to preserve sample shelf-

life quality. The IFU was adjusted accordingly by the manufacturer to account for glycerol dilution. 

The samples in 30% glycerol were further diluted at a 1:133 ratio in sample buffer, while undiluted 

sera samples were diluted at 1:200 (Table S1). 

The raw optical density index (ODI) values from the serum samples at 450 nm were normalized 

to determine the antibody response with cutoff ODI values for each antigen. Specifically, all pathogen 

negative, borderline, and positive responses were defined based on optical density values of lower 

than 0.90, within the range of 0.91 to 0.99, and exceeding 1.00, respectively. This normalization 

process ensured consistent interpretation of the test results across all samples, enabling comparison 

of immune responses to different tick-borne pathogens. 
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Table 1. Overview of sample size and source for the present study. 

Total number of samples (n) 53 

Reference serum samples from SeraCare 

Life Sciences Inc. and Plasma Services 

Group (n) 

33 [Includes two samples labeled as AU6 and AU31 (Table S1), 

which are identical. These samples were tested in the presence 

and absence of 30% Glycerol] 

Reference serum samples from Australia 

(n) 

20 

Common serum samples shared between 

the independent labs from the total 

number of samples (n) 

28 (22 samples had tested seropositive for IgM and/or IgG or 

both for Lyme disease) 

2.2. Internal and External Controls 

The Index Assay includes internal positive (POS), negative (NEG), and coefficient of 

determination (R2) plate controls for both IgM and IgG. These controls are essential for verifying the 

accuracy of the test plate’s performance. The plate validity criteria for the IgM and IgG plate controls 

are as follows: a positive optical density (OD) reading should be above 1, while a negative OD reading 

should be below 0.5. Additionally, the R2 value should be greater than 0.75. An R-squared (R2), the 

coefficient of determination, was used to measure the interlaboratory variation between datasets 

presented by the two laboratories and how well a statistical model predicts a level of confidence in 

the results. In the case of paired data presented in this analysis, the R2 measures the proportion of 

variance shared by the two variables and ranges from 0 to 1. These criteria ensure the plate’s 

reliability and the validity of the test results. 

The study incorporated external pre-characterized controls, consisting of reference serum 

samples obtained from the Australian laboratory, SeraCare Life Sciences Inc. (USA) subsidiary in 

France and the Plasma Services Group (USA). The Australian reference samples (N=20), were 

randomly selected characterized undiluted serum samples from Australia (N=17) which also 

included undiluted samples from the Plasma Services Group (PSG, N=3) (Table 1). The Plasma 

Services Group (PSG) samples from the USA included symptomatic and asymptomatic individuals 

tested for LD. The PSG samples were provided with reference results from three different assays: the 

EUROIMMUN Lyme Western Blot for IgG and IgM, EUROIMMUN ELISA IgG and IgM, and Zeus 

Scientific ELISA IgG, IgM, and VLSE IgG/M. These assays target specific Lyme-related bands and 

antigens for accurate diagnosis. Similarly, serum samples from SeraCare Life Sciences Inc were 

provided with reference results from eight different assays: DiaSorin LIAISON® Borrelia burgdorferi 

Lyme IgM/IgG assay, Trinity Biotech Captia™ Borrelia burgdorferi IgG/IgM ELISA, BioMerieux 

VIDAS® Lyme IgM II assay, MarDx B. burgdorferi Disease EIA IgM Test System, BioMerieux VIDAS® 

Lyme IgG II assay, MarDx B. burgdorferi Disease EIA IgG Test System, MarDx B. burgdorferi (IgM) 

MarBlot Strip Test System, and MarDx B. burgdorferi (IgG) MarBlot Strip Test System. 

The AccuSet™ Lyme Performance Panel 0845-0169 from SeraCare Life Sciences Inc. was also 

utilized. This panel comprised 15 undiluted plasma samples from multiple individuals who tested 

positive for Lyme disease antibodies. Each sample represented a single collection event and provided 

a range of antibody reactivity for various Lyme IgM and IgG test methods. The panel included one 

nonreactive sample, a negative control, for all performed Lyme test methods. By including these 

external controls and panels of known samples, the study ensured a comprehensive evaluation of the 

index test’s performance and ability to accurately detect antibodies associated with Lyme disease. 
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2.3. Institutional Review Board Statement 

Royal North Sydney Hospital (Australia) offered de-identified, anonymized, and leftover 

human sera reference samples for this study for evaluation, and Tezted Ltd. did not have access to 

any private information (i.e., name, profession, or ethnicity) from the specimens that could be linked 

back to the patients. As such, informed consent was not collected, as the present study was not 

considered human subject research as mandated by the Declaration of Helsinki embodied in 

Common Rule set forth by the Code of Federal Regulations, USA (Diest and Savulescu, 2002; Allen 

et al., 2010) and the medical research act (Finland, 488/1999 (2.2.2001/101; section 20, 30.11.2012/689), 

which allows the use of leftover and deidentified human serum samples without consent from the 

collection unit [Ministry 1 and 2]. In addition, characterized reference samples (n=32) were purchased 

from Plasma Global Services (USA) and SeraCare Life Sciences Inc (Headquartered in the USA with 

a subsidiary in France). 

2.4. Statistical Analysis 

For quality control purposes, both laboratories, Finland and Australia, conducted interplate and 

interoperator precision analyses by assessing the percentage of the coefficient of variance (CV%) or 

precision [standard deviation (SD) divided by the mean and multiplying by 100 to give CV%] on the 

optical density values for all plate controls and all microbial antigens (Reed et al., 2002). The CV% 

was utilized to assess the performance and validity of the index test for its intended purpose. The 

CV% indicates the percentage of variation within a dataset, with a minor variation indicating greater 

precision and better index assay performance. A lower CV% suggests that the index assay is suitable 

for accurately testing human IgM and IgG antibodies against various antigens associated with TBDs. 

To evaluate the CV% for the microbial antigens in the index test, each operator repeatedly tested the 

negative serum control (TEZ1) provided in the kit in duplicate daily at Tezted Ltd. and the Royal 

North Shore Hospital. The CV% was calculated using the formula CV% = SD/mean. Generally, a CV% 

of less than 10 is considered very good, 10-20 is good, 20-30 is acceptable, and a CV% greater than 30 

is unacceptable (Reed et al., 2002). In this study, the calculated CV% for the index test was less than 

or equal to 15%. Positive (PA), negative (NA), and overall (OA) agreements between the reference 

tests versus the index test were calculated as described by Watson and Petrie (Watson and Petrie, 

2010). The reliability of each PA and NA was assessed by calculating Cohen’s kappa (k) with a 95% 

confidence interval (Watson and Petrie, 2010; McHugh, 2012). 

A Cohen's k range of ≤ 0 indicates no agreement, 0.01–0.20 indicates no agreement to slight 

agreement, 0.21–0.40 indicates fair agreement, 0.41– 0.60 indicates moderate agreement, 0.61–0.80 

indicates substantial agreement and 0.81–1.00 indicates almost perfect agreement (McHugh, 2012). 

Cohen's kappa (k) values are presented with a 95% confidence interval. Proportionate positive and 

negative agreements along with Cohen's k were calculated using the EPITOOLS diagnostic test 

evaluation and comparison calculator, and the interrater reliability and proportional agreement 

analysis between various tests were carried out using only LD-positive and LD-negative patient 

groups [https://epitools.ausvet.com.au/comparetwotests (accessed on 30.08.2022)]. Fisher's exact test 

assessed the significant differences in IgM or IgG immune responses between LD (positive and 

negative) and the Australian cohort. The two-tailed p values for Fisher's exact test were calculated 

using GraphPad, and Fisher's exact test results with p values < 0.05 were considered statistically 

associated or dependent (Kim, 2017). 

3. Results 

Initially, performance validity criteria according to the manufacturer’s quality control standard 

were assessed to ensure that the index assay was performed correctly and used as intended at both 

independent laboratories in Finland and Australia (Table S2). All IgM and IgG internal plate controls 

(i.e., POS, NEG, and R2) passed the plate validity criteria demanded by the manufacturer (Table S2). 

In addition, we measured precision (CV%) to be less than 15% for the POS and R2 internal controls, 

demonstrating low interplate variability at both independent laboratory sites (Table S2). In addition, 
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the CV% for IgM and IgG internal negative control datasets between the two labs were acceptable 

and consistent with a CV% of greater than 15% because the optical density values approach the lower 

limit of quantification. According to the CV% analysis in Table S2, the two sites had consistent results 

when compared, suggesting that TICKPLEX® can be used regularly. 

Additionally, for quality control, interplate and interoperator precision analyses were conducted 

(Figure 1). The overall agreement percentages ranged between 68%-82% and 86%-100% for IgM and 

IgG, respectively. The Cohen's kappa (k) values ranged from 0.24 (fair agreement) to 0.61 (substantial 

agreement) for IgM and 0.58 to 0.60 (moderate agreement overall). The k value is not applicable (N/A) 

for an antigen in the index test when all specimens in Tables S3 and S4 produced only negative or 

positive responses in Finland and Australia. 

The lowest IgM interlaboratory agreement from Figure 1 indicated that Coxsackievirus had 68% 

interlaboratory agreement, k = 0.27 (95% CI 0.00 - 0.54), and Mycoplasma fermentans and Mycoplasma 

pneumoniae had 68% interlaboratory agreement, k = 0.24 (95% CI = -0.13-0.62). The highest IgG 

interlaboratory agreement from Figure 1 shows that Epstein‒Barr virus had 89% interlaboratory 

agreement, k = 0.60 (95% CI 0.19 - 1.00), and Borrelia persistent forms had 93% interlaboratory 

agreement, k = 0.78 (95% CI = 0.51-1.06). The overall agreement (%) for IgG and IgM, as shown in 

Figure 1, was calculated from the mean ODI (optical density index) from each laboratory (AUS and 

FIN) as per Tables S3 and S4 and compared for interlaboratory agreement of each analyte per 

specimen. 

 

Figure 1. The overall interlaboratory clinical agreement for the index test between different 

laboratories was moderate for IgM and substantial for IgG. Tables S3 (IgM) and S4 (IgG) demonstrate 

a list of common specimens (n=28) obtained in Finland and Australia with their clinical outcomes 

used for calculating the interlaboratory clinical agreement. In Finland and Australia, when all 

specimens in Tables S3 and S4 consistently generated only negative or positive responses, the k value 

for an antigen in the index test becomes not applicable (N/A). Borrelia spirochete species and 

persistent forms refer to Borrelia burgdorferi sensu stricto, Borrelia afzelii, and Borrelia garinii in 

spirochete and persistent forms. Similarly, Mycoplasma species refers to Mycoplasma 

fermentans and Mycoplasma pneumoniae. 

IgM, IgG, and IgM/IgG combined positive agreement were 97%, 53%, and 88%, respectively 

(Figure 2). The negative agreement (%) for IgM, IgG, and IgM/IgG combined were 93%, 79%, and 

67%, respectively. The overall agreement for IgM, IgG, and IgM/IgG combined was 95%, 68%, and 

81%, respectively. Cohen’s kappa (k) value was almost perfect agreement for IgM (k=0.89), fair 
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agreement for IgG (k=0.30), and moderate agreement for IgM/IgG combined (k=0.54). Laboratories 

tested the samples and referenced Lyme disease test results (n=22). The clinical outcomes were 

determined using the CDC two-tier criteria ((CDC), 1995), as shown in Table S5, for the reference 

diagnosis of each specimen. The agreement between the mean ODI of IgM and IgG was analyzed 

using data from both laboratories (FIN and AUS). Table S3 displays the specimen wise analysis, while 

Table S4 shows the mean ODI values for IgM and IgG. Specimen IDs AU6 and AU31 are the same 

specimens, but with one difference: AU6 was stored in 30% glycerol before testing, while AU31 was 

not stored in glycerol at -20°C. Despite this difference, both specimens had similar clinical outcomes, 

as demonstrated in Tables S3 and S4. It is worth noting that AU31 was excluded from clinical 

assessments during the analysis between the index (TICKPLEX®) and reference tests, as shown in 

Figure 2. 

 

Figure 2. The combined IgM and IgG agreement for Lyme disease between the index and reference 

test results is moderate. Tables S3 (IgM) and S4 (IgG) demonstrate a list of common specimens 

performed in Finland and Australia, with their clinical outcomes used to calculate clinical agreement 

with previous diagnostic findings for samples in Table S5 (n=22). Reference Lyme disease test results 

were interpreted for IgM and IgG following the CDC two-tier criteria (CDC 2019) and are presented 

in Table S5. An IgM- or IgG-positive reference test for Lyme disease was interpreted as overall 

positive for IgM and IgG combined analysis (Table S5). For the index test, the final interpretation of 

the result for IgM, IgG, or IgM and IgG applied the most prevalent clinical result between the labs for 

a specimen. For example, a sample with three out of four negative IgM or IgG immune responses to 

Borrelia antigens on the index test was interpreted as negative. If the sample presented two positive 

and two negative IgM or IgG clinical findings on the index test, the specimen was considered positive, 

following the same standard applied to the reference test results in Table S5. 

Unlike Borrelia spirochete species, the IgM and IgG percentages of positive immune responses 

for the Borrelia persistent forms were higher in Australian reference samples compared to the other 

shared reference specimens (Figure 3). Moreover, the proportion of IgM and IgG responses in the 

Australian group was frequently more elevated than that in the reference sera for tick-borne 

coinfections (text in orange) and related opportunistic microbes (text in green) (Figure 3). In general, 

the IgM responses had a higher percentage of positivity, ranging from 35% to 70%. These responses 

were found to be higher in Australian samples (n=20) compared to the reference specimens (n=32). 
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The proportion of immune responses against all antigens on the index assay was determined by the 

mean ODI of both laboratories (AUS and FIN) from Table S6 for IgM and Table S7 for IgG. 

 

Figure 3. Screening Australian patients for tick-borne disease-related microbes could be a missed 

opportunity to reduce misdiagnosed and undiagnosed patient cases. The proportion of positive IgM 

and IgG immune responses for TICKPLEX® antigens was comparable between the Australian (n=20) 

and Lyme reference (n=32) specimens. Borrelia spirochete species and persistent forms refer to Borrelia 

burgdorferi sensu stricto, Borrelia afzelii, and Borrelia garinii in spirochete and persistent forms. Similarly, 

Mycoplasma species refers to Mycoplasma fermentans and Mycoplasma pneumoniae. Tables S6 and S7 

present clinical outcomes for all samples used in Figure 3. 

In addition, we evaluated the possibility that LLD is associated with coinfections with tickborne 

pathogens and other pathogens that may or may not be tickborne. Figure 4 shows that the Lyme 

reference samples, and the Australian samples produced IgM and IgG antibodies to multiple 

microbes, some potentially associated with a tick bite. The association of antibodies to multiple 

microbes as well as Borrelia burgdorferi was common even among the Australian samples (Figure 

4). 
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Figure 4. The Lyme reference and Australian reference specimens produced (A) IgM and (B) IgG 

responses to multiple microbial antigens associated with tick-borne diseases. The proportion of 

positive IgM and IgG immune responses to Borrelia and other microbes was higher in Australian 

shared samples (n=20) than in Lyme reference samples (n=32). Tables S6 and S7 present clinical 

outcomes for all specimens used in Figure 4. Only Borrelia refers to Borrelia spirochete species and 

persistent forms of Borrelia (Borrelia burgdorferi sensu stricto, Borrelia afzelii, and Borrelia garinii). 

Likewise, other microbes refer to coinfections (Babesia microti, Bartonella henselae, Ehrlichia chaffeensis, 

Rickettsia akari) and opportunistic microbes (Coxsackievirus, Epstein–Barr virus, human parvovirus 

B19, Mycoplasma fermentans, and Mycoplasma pneumoniae) in the index kit. Fisher’s exact test assessed 

the differences in IgM and IgG immune responses between the Australian (n=20) and Lyme reference 

samples (n=32). A two-tailed p-value for Fisher’s exact below 0.05 was considered statistically 

associated or dependent. 

4. Discussion 

This investigation focused on the performance and reliability of a multiplex enzyme-linked 

immunosorbent assay (TICKPLEX®) using the ODI, in detecting tick-borne diseases by comparing 

results obtained from two distinct institutions, Tezted Ltd. in Finland and the Royal North Shore 

Hospital in Australia. This was achieved by using defined blindly tested reference samples to 

minimize bias between two laboratories. We tested and evaluated patients' immune responses 

blindly and then compared these findings to established reference values available from the 

Australian laboratory, SeraCare Life Sciences Inc. and the Plasma Services Group.   

The TICKPLEX index test was selected for its ability to measure both IgM and IgG antibodies 

that target Borrelia's pleomorphic forms (Meriläinen et al., 2015), including the round body or 

persistent forms, as well as a range of common opportunistic pathogens and co-infections 

simultaneously. The scientific community is reporting the significance of Borrelia's pleomorphic 

forms, like the findings by Golovchenko et al., who identified cyst-like structures of Borrelia in a 
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patient's brain tissue with confirmed Lyme disease diagnosis and ongoing symptoms despite 

undergoing treatment (Golovchenko et al., 2023). 

Moreover, the literature documents the prevalence and clinical implications of co-infections, 

such as those caused by Babesia spp. (Lempereur et al., 2015), Bartonella spp. (Angelakis et al., 2010), 

Ehrlichia spp. (Ismail et al., 2010), and Rickettsia spp (Wu et al., 2013; Koetsveld et al., 2016). 

Concurrently, there is an escalating awareness regarding the differential diagnostic process for 

patients with conditions that overlap symptomatically with tick-borne diseases, especially chronic 

fatigue syndrome (Bai and Richardson, 2023). In these cases, opportunistic pathogens, including 

Coxsackievirus (Chia, 2005; Freundt et al., 2005), Epstein-Barr virus (Pavletic and Marques, 2017; 

Koester et al., 2018; Ruiz-Pablos et al., 2021), Human Parvovirus B19 (Kerr et al., 2010; Berghoff, 2012), 

and Mycoplasma spp. (Nijs et al., 2002; Eskow et al., 2003; Nicolson et al., 2011; Liu and Janigian, 2013), 

are increasingly recognized for their potential to exacerbate other medical conditions, particularly in 

individuals with compromised immune systems, underscoring the multifaceted nature of TBD 

diagnosis and management. 

The performance of the index assay showed substantial interlaboratory agreement (Figure 1) for 

IgG, 86% to 100%, and moderate agreement for IgM, 68% to 82%, for samples tested in both Tezted 

Ltd. and Royal North Shore Hospital laboratories in Finland and Australia, respectively (n=28). 

Overall, the interlaboratory agreement percentage between the Royal North Shore Hospital and 

Tezted Ltd. laboratories (n=28) was relatively higher for IgG, 86% to 100%, than IgM, 68% to 82%. As 

demonstrated by Cohen’s kappa (k), the inter-reliability for IgM ranges from fair to substantial 

agreement (k=0.24 to 0.61) when compared to IgG ranging from moderate to substantial agreement 

(k= 0.58 to 0.78). The IgM interlaboratory clinical agreement for Borrelia spirochete species shows only 

a fair agreement (k = 0.38). For an IgM result, as shown in Table S2, the precision for both laboratories 

ranged from 0% to 3.65% for positive control values, demonstrating that the precision of techniques 

for both laboratories is not the cause of lower fair agreement. Borrelia serological tests have a higher 

potential for false positive results when testing for LD (Seriburi et al., 2012). Therefore, the two-tier 

CDC criteria (CDC 2019) were used to calculate clinical agreement in both reference sera and 

Australian samples, as shown in Table S5. 

The combined IgM and IgG clinical agreement for Lyme disease between the Index Assay and 

reference test results was satisfactory (Figure 2). The samples that were tested by both laboratories 

and reference Lyme disease test results (n=22) were interpreted using the CDC two-tier criteria 

(Lantos et al., 2020) and showed a positive agreement value of 97% for IgM, 53% for IgG, and 88% 

agreement for IgM and IgG combined (Figure 2). 

The lower IgG clinical agreement in Figure 2 is due to the pre-characterization of the sera using 

either EUROIMMUN or Zeus Borrelia spp. IgG and IgM assays. Therefore, the comparison for the 

clinical agreement was calculated with IgM and IgG combined (Herremans et al., 2007; Tricou et al., 

2010; Feng et al., 2014; Molins et al., 2017; Gomez et al., 2018). This, however, was not reflected in the 

negative agreement (%) for IgM, IgG, and IgM/IgG, as most reference sera, n=22, were known as 

positive samples for Borrelia spp. Some of the reference sera had been only characterized by 

EUROIMMUN ELISAs that contain antigens of Borrelia burgdorferi, Borrelia afzelii, Borrelia garinii, and 

Borrelia VlsE. Some sera were characterized with Zeus EIA assays with B. burgdorferi only as an 

antigen. In contrast, some Australian samples were only characterized by DiaSorin Liaison XL B. 

burgdorferi IgG and IgM assays or the Trinity Biotech EU Lyme Western blot. The different antigens 

used in each reference tests likely accounts for the lower IgG clinical agreement in Figure 2 (Waddell 

et al., 2016; Kodym et al., 2018). 

In our analysis presented in Figure 3, we observed that the antibody responses for both IgM and 

IgG to co-infections and opportunistic pathogens were notably higher in Australian reference 

specimens compared to reference specimens from the USA. Expressly, while the IgG-positive 

response rates showed a similar range for both reference (0% to 19%) and Australian shared samples 

(5% to 15%), a marked difference was noted in IgM-positive response rates, with the reference 

samples showing 16% to 44% and Australian samples demonstrating 35% to 65%. Furthermore, as 

illustrated in Figure 4, the co-infection rates with Borrelia for IgM and IgG were 53% and 13% in the 
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reference group, contrasting with 65% and 25%, respectively, in the Australian reference samples. 

This discrepancy underscores a significant variation compared to co-infection rates reported between 

0.7% and 41.6% in European and U.S. studies (Boyer et al., 2022). Moreover, Ixodes tick species in 

Australia can transmit Coxiella burnetii, Rickettsia australis, Rickettsia honei, and Rickettsia honei 

subspecies marmioni. Australian Ixodid ticks could transmit Babesia microti, Anaplasma spp. Bartonella 

spp. Burkholderia spp., Francisella spp., and even viruses, as listed in an Australian TBD review 

(Dehhaghi et al., 2019). 

We aim to highlight differences in the co-infection rates not to assert our findings in Figures 3 

and 4 as conclusive but to emphasize the complexity of the tick-borne disease landscape in Australia, 

which appears to be more complex than previously recognized, thereby meriting deeper 

investigation. We acknowledge the inherent challenges of serological testing for Lyme and related 

TBDs, especially concerning cross-reactivity (Wojciechowska-Koszko et al., 2022; Grąźlewska and 

Holec-Gąsior, 2023), variable immune response, timing of serum sampling following exposure to 

tick-borne pathogens (Torina et al., 2020), and the inherent issues with tests for IgM antibodies (Kalish 

et al., 2001; Markowicz et al., 2021) introduce complexities in accurately interpreting seroprevalence 

and co-infection data. Thus, these nuances demand further research to ensure a robust understanding 

of the findings. 

It is also important to note that 5 of 28 samples, as seen in Table S3, tested positive for IgM in all 

markers on the Index Assay. Since the sera were from patients with a clinical diagnosis of LD, as 

confirmed by other studies and tests, this illustrates that Borrelia spp. serology assays, like all serology 

assays, have the potential to yield false positive IgM results in patients who have active viral 

infections (Goossens et al., 1999) due to polyclonal activation of T and B lymphocytes 

(Wojciechowska-Koszko et al., 2022). Similarly, Borrelia IgM antibody persistence after treatment has 

also been demonstrated in various studies (Aguero-Rosenfeld et al., 1996; Kalish et al., 2001; Glatz et 

al., 2006; Seriburi et al., 2012; Elsner et al., 2015; Markowicz et al., 2021), and this limits its use in 

diagnosis. 

The purpose of this study was to compare results obtained by two separate laboratories using 

the TICKPLEX® (Index Assay), on the same serum samples, for detection of antibodies to known and 

potential agents infecting patients with TBI. High concordance was demonstrated between the two 

laboratories for IgG and IgM antibody responses in reference samples to multiple microbial antigens 

of tick-borne disease pathogens, as expected when compared to the referenced results. The clinical 

correlation, however, of Australian sera (n=20) for microbes implicated in tickborne coinfections and 

other opportunistic infections was challenging, as shown in Table S8, due to a small sample size 

(n=20). Tests available in Australia for TBD were limited to antibody tests for Rickettsia australis and 

Borrelia burgdorferi s.l. Whilst there was likely concordance between those tests and their respective 

Index Assay tests - Rickettsia akari (for R. australis) and Borrelia sp [Borrelia afzelii, Borrelia burgdorferi, 

Borrelia garinii for both spirochete and persistent forms] (for B. burgdorferi s.l.), the antibodies sought 

were not from exactly the same species. This may compromise the ability to confirm the diagnosis of 

rickettsial spotted fever and Lyme disease in Australian patients, but this could also be investigated 

by using a larger number of samples. Similarly, the reference test results for Bartonella henselae were 

for total antibody results, while, in the Index Assay, IgG and IgM were tested separately. 

There is a concern in Australia from patients suffering from symptoms of chronic debilitating 

illness which they temporally relate to tick bite but for which no definitive cause is found. This leaves 

patients confused, suffering, and despondent, and they are at risk of receiving incorrect or 

inappropriate diagnoses and treatments. The severity of illness varies among patients and can often 

overlap with other underlying multisystem disorders, such as chronic fatigue syndrome/myalgic 

encephalomyelitis (CFS/ME). Limited diagnostic tests are available in Australia, which only 

exacerbates the situation. Using an index test such as TICKPLEX® as a diagnostic tool, in combination 

with clinical data, may lead to earlier and more accurate diagnoses for patients in Australia. Antibody 

responses to multiple microbial antigens from causative agents of TBDs were found. High 

concordance between laboratories was demonstrated on this small set of samples. These results 
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provide the basis for further evaluation of TICKPLEX® on a larger number of samples from 

Australian patients with suspected tick-borne infections (TBIs). 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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