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Abstract 
Introduction: Lyme borreliosis, caused by Borrelia burgdorferi sensu stricto in the United States and by several Borrelia species in Europe and 

Asia, has a great impact on the health of the global population. There are human vaccines available, such as the outer surface protein A (OspA) 

vaccine, but still more evidence is needed to verify its function. We investigated the safety, immunogenicity, and efficacy of adjuvanted or 

non-adjuvanted vaccines containing protective epitopes from Borrelia species OspA serotypes in healthy adults. 

Methodology: Seven electronic databases were searched for clinical trials involving vaccine of OspA, with outcome data on safety, 

immunogenicity, and efficacy. The meta-analysis method was used to compare all vaccination strategies at the same time.  

Results: Three relevant studies were identified. All were randomized controlled trials (RCTs) or quasi-RCTs. Meta-analysis shows that, 

compared with low dose, high dose comes with a higher IgG titer with overall effect size of 6.39. For the 30 µg dose, the geometric mean titer 

was 6918.31, which is statistically significant when compared with 0. With respect to safety, only soreness showed a relatively high incidence 

of 40% (p < 0.05 when compared with 0, while the other side effects were no difference compared with 0). 

Conclusions: The OspA vaccine against Lyme disease is safe and its immunogenicity and efficacy have been verified. Instead of stagnating or 

giving up, further research on improving the vaccine is needed. On the foundation of preliminary studies, we can attempt to develop new 

vaccines for human use. 
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Introduction 
Lyme borreliosis, caused by infection with tick-

borne bacterial spirochetes Borrelia burgdorferi sensu 

lato species complex [1,2], is a multisystem 

inflammatory disease. Early skin lesions have an 

expanding ring form, often with a central clear zone. 

Fever, chills, myalgia, and headache are common 

symptoms [3]. Infected individuals can also develop 

more serious manifestations having impact on the skin 

(lesions, atrophy, and fibrous nodule formation), 

nervous system (facial palsy, meningitis, myelitis, and 

encephalitis), joints (recurrent or persistent large joint 

synovitis), or heart (conduction abnormalities and 

carditis) [4].  

Lyme borreliosis can be successfully treated with 

antibiotics [1,2]. Many attempts have been made to 

develop a vaccine against Lyme disease, and many 

studies have concentrated on some antigenic subunits of 

Borrelia burgdorferi, such as OspA, OspB, OspC, 

DbpA, and Bbk32(p35). Kolb et al. [5] found that the 

vaccine from Salp15, which binds to Borrelia 

burgdorferi outer surface protein C (OspC), is more 

effective in preventing Lyme disease. Small et al. [6] 

found that immunization with peptide B (a peptide 

derived from Borrelia burgdorferi BB0172 protein) 

protected mice against Lyme disease. Compared to the 

other treatment groups, peptide B-immunized mice 

showed very limited inflammation in the heart and joint 

tissues. And surprisingly, the anti-peptide B antibodies 

did not cross-react with Bb lysates, which suggests that 

peptide B is a promising candidate for the development 

of a new DIVA vaccine (differentiate between infected 

and vaccinated animals) for protection against Lyme 

diseases. 

However, most of the research on vaccine is 

focused on outer surface protein A (OspA), with animal 
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and human subjects [7-12]. A mouse model of 

vaccination with recombinant OspA protein was 

employed in initial research concerning the protection 

efficacy of OspA [13]. Against a test by intradermal 

vaccination of refined Borrelia burgdorferi, long-time 

(180 days) protection was evoked [14]. Needle-infused 

Borrelia was utilized in this test as an experimental 

infection model. In 1992, a vector-transmitted infection 

model was established. At the point when inoculation 

with OspA was tried in this way, protection efficacy 

was discovered to be vital, and borreliacidal antibodies 

from OspA-vaccinated mice could act out of the 

organisms of the mice and could clear Borrelia in the 

tick digestive tract preceding their entrance into the 

inoculated animal [15]. Two large-sample, randomized, 

double-blind clinical trials in the United States [16,17] 

showed that Lyme disease could be prevented by 

vaccination with OspA, but the evidence is still limited 

and a comprehensive and system evaluation to Lyme 

vaccine is needed; this was the purpose of our study. 

 

Methodology 
Data sources and searches 

Both English and non-English language 

publications on the Cochrane library, PubMed, Science 

Direct (Elsevier) Journal, ISI Web of Science, China 

National Knowledge Internet (CNKI), Wan Fang 

database, and Sinomed database were searched, with a 

date range from 1 January 1980 to 30 April 2015. 

Search terms were “vaccine” and “OspA” or “outer 

surface protein A” and “Lyme disease” or “Lyme 

borreliosis”. 

 

Study selection 

Criteria were randomized, double-blind clinical 

trials. Studies were multicenter or single center; three-

arm or two-arm studies were all included. 

For references excluded from the meta-analysis, the 

criteria were non-human studies, letters/case reports, 

observational studies, studies including fewer than 10 

individuals, articles not reporting outcomes of interest 

or primary data (editorials, reviews), or using 

inadequate case definitions. Studies in which the 

patients had a severe adverse event were excluded. 

The main outcome measures were incidence of side 

effects (local or system), which reflects the safety of the 

OspA vaccine and IgG antibody titer after injection, 

which in turn reflects the immunogenicity and efficacy 

of the OspA vaccine. 

 

Data extraction and quality assessment 

Data were extracted from each study separately by 

two authors, using predefined inclusion criteria, 

exclusion criteria, and a data extraction sheet based on 

the Cochrane Handbook for Systematic Reviews of 

Intervention. The analysis was carried out in 

concordance with the Cochrane Handbook of 

Systematic Reviews and reported based on PRISMA 

guidelines. The initial agreement between the two 

reviewers for data selection and data validity 

assessment of studies was assessed using Kappa 

coefficient. Discrepancies between the reviewers were 

resolved by joint discussion and mutual agreement. 

 

Data synthesis and analysis 

The meta-analysis was performed based on findings 

from individual studies of different researchers. The 

meta-analyses were conducted using either the random-

effects model or fixed-effect model, decided by a 

heterogeneity test [18,19]. Forest plot and funnel plot 

were generated to judge the overall effect size and to 

judge whether there was publication bias, which could 

be verified by the Egger test [20,21].  

Two reviewers independently assessed the quality 

of the three included studies using the Jadad score [22], 

which scored based on three aspects: (1) randomization 

(2-0); (2) blind (2-0); (3) withdrawals and dropouts (1-

0). The Jadad score ranged from 0 to 5, and a score ≥ 3 

revealed high study quality. 

 

Figure 1. Study flow diagram. 
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Results 
After de-duplication, 681 studies of reference in the 

databases were found using the descriptor combinations 

previously established at the beginning of the research. 

A total of 369 references were excluded after abstract 

reading. Next, the full text of 312 articles was read and 

262 references were excluded. A further 37 references 

were also excluded due to lack of placebo. The results 

were refined by excluding 10 studies [16,17,23-30] 

without detail data after more detailed analysis. The 

remaining 3 studies were included for meta-analysis 

[31-33]. The flow of study selection is shown in Figure 

1. 

 

Immunogenicity and efficacy 

Efficacy and immunogenicity were explored by 

comparing IgG antibody titer of a high-dose group with 

low-dose group and the overall mean value of IgG 

antibody titer (data has been transformed using 

logarithm form) was calculated, as shown in Figure 2A. 

The heterogeneity test showed that p = 0.000 with I 

square of 99.5%, meaning that there was heterogeneity 

among all the studies included, so the random-effect 

model should be applied for meta-analysis. The results 

of meta-analysis showed that the overall effect size was 

6.39 (95% CI = 3.87–8.90, p = 0.000), indicating that 

the overall effect size was statistically significant and 

that the higher the dose was, the higher the titer. 

The funnel plot of immunogenicity of vaccine of 

OspA against Lyme disease (Figure 2B) shows that the 

studies were not quite symmetrically distributed and 

that a publication bias may exist; the Egger test was 

therefore used. The Egger plot in Figure 2C shows that 

the studies were within 95% confidence interval, and 

the Egger test (Table 1) also shows that p = 0.963, 

which is above 0.05, meaning that there was no 

Figure 2. Forest plot, funnel plot, and Egger plot of immunogenicity of vaccine of OspA against Lyme disease. 

Table 1. Egger test of immunogenicity and side effects. 

 Std_Eff Coef. Std. Err. t P > t 95% confidence interval 

Immunogenicity Slope 2.992786 1.678922 1.78 0.325 -18.34 24.32552 

 Bias 1.117801 19.19345 0.06 0.963 -242.758 244.9936 

 Number of studies = 3; root MSE = 20.99; test of H0: no small-study effects; p = 0.963 

Redness Slope .1421382 0.117212 1.21 0.439 -1.347186 1.631462 

 Bias .2888387 8.880607 0.03 0.979 -112.55 113.1276 

 Number of studies = 3; root MSE = 8.151; test of H0: no small-study effects; p = 0.979 

Soreness Slope .0863211 0.107254 0.8 0.569 -1.276464 1.449106 

 Bias 9.358969 7.576846 1.24 0.433 -86.91398 105.6319 

 Number of studies = 3; root MSE = 8.684; test of H0: no small-study effects; p = 0.433 

Swelling Slope -1.15e-35 1.30E-35 -0.88 0.54 -1.77e-34 1.54e-34 

 Bias 11.4922 7.521584 1.53 0.369 -84.07859 107.063 

 Number of studies = 3; root MSE = 10.64; test of H0: no small-study effects; p = 0.369 

Headache Slope .189073 0.002758 68.57 0.009 0.154036 0.224111 

 Bias -2.229343 0.196221 -11.36 0.056 -4.72257 0.263886 

 Number of studies = 3; root MSE = 0.197; test of H0: no small-study effects; p = 0.056 

Fever Slope -3.01e-38 2.74E-38 -1.1 0.471 -3.79E-37 3.19E-37 

 Bias 3.010125 1.58446 1.9 0.308 -17.12235 23.1426 

 Number of studies = 3; root MSE = 2.241; test of H0: no small-study effects; p = 0.308 

Swelling Slope -8.16e-38 1.24E-37 -0.66 0.629 -1.66E-36 1.49E-36 

 Bias 8.160084 7.15606 1.14 0.458 -82.76628 99.08645 

 Number of studies = 3; root MSE = 10.12; test of H0: no small-study effects; p = 0.458 
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publication bias and that the results of the meta-analysis 

were reliable. 

 

Mean level of IgG titer 

A forest plot of immunogenicity of the OspA 

vaccine (Figure 3) was drawn. Because I square was 0% 

with p value of the heterogeneity test of 0.996, meaning 

that there was no heterogeneity among all the studies, 

the fixed-effect model was applied. The results of meta-

analysis showed that overall effect size was 3.84 (95% 

CI = 3.64–4.04, p = 0.000), meaning that overall effect 

size (IgG titer) was truly above 0; furthermore, the 

geometric mean titer was 10^3.84 = 6,918.31, 

indicating that the OspA vaccine was effective and 

immunogenetic. 

 

Local side effects: Redness 

I square was 95.9% with p < 0.05, indicating 

heterogeneity, so the random-effect model was chosen 

for the meta-analysis. Results (Figure 4A) showed that 

the overall effect size was 0.17 (95% CI = -0.02–0.37, 

p = 0.080). There was no difference between the 

incidence of redness with 0, meaning that the local side 

effect of redness was at a low level. With respect to 

redness, the OspA vaccine is quite safe. 

The funnel plot in Figure 4B shows that the studies 

were not quite symmetrically distributed, so a 

publication bias may exist, and the Egger test was 

Figure 3. Forest plot of IgG antibody titer (logarithm) of vaccine 

of OspA against Lyme disease. 

Figure 4. Forest plot, funnel plot, and Egger plot of local side effects. 
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needed. The Egger plot of redness (Figure 4C) shows 

that the studies were all within 95% confidence interval; 

at the same time, the Egger test (Table 1) shows that p 

= 0.979, so no publication bias existed and the 

conclusion of the forest plot was reliable. 

 

Local side effects: Soreness 

As heterogeneity existed (p = 0.000, I square = 

98%), the random-effect model was applied for meta-

analysis. Figure 4D shows that the overall effect size 

was 0.4 (95% CI = 0.03–0.77, p = 0.033), meaning that 

incidence of soreness was different from 0 and the 

incidence of 40% was relatively high, indicating that 

the OspA vaccine is not satisfactory with respect to 

soreness. 

The funnel plot in Figure 4E shows that the studies 

were not quite symmetrically distributed and that a 

publication bias should be further checked using the 

Egger test (Table 1). The Egger plot of soreness (Figure 

4F) shows that all the studies were within 95% 

confidence interval; also, the Egger test in Table 1 

shows that p = 0.433, so no publication bias existed and 

the conclusion of the forest plot was reliable. 

 

Local side effects: Swelling 

A forest plot was drawn (Figure 4G). As 

heterogeneity existed (p = 0.000, I square = 90.8%), the 

random-effect model was applied for meta-analysis. 

Results showed that the overall effect size was 0.09 

(95% CI = -0.01–0.19, p = 0.094). Because the p value 

was under 0.05, the incidence of soreness was different 

from 0 and the incidence of 40% was relatively high, 

indicating that the OspA vaccine is not satisfactory with 

respect to swelling. 

The funnel plot in Figure 4H shows that the studies 

were not quite symmetrically distributed and that a 

publication bias should be checked further using the 

Egger test (Table 1). The Egger plot in Figure 4I shows 

that all the studies were within 95% confidence interval, 

and the Egger test in Table 1 shows that p = 0.369, so 

no publication bias existed and the conclusion of the 

forest plot was reliable. 

Figure 5. Forest plot, funnel plot, and Egger plot of systemic side effects. 
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Systemic side effects: Headache 

A heterogeneity test showed that p = 0.519 with I 

square of 0%, indicating that there was no 

heterogeneity. The fixed-effect model was applied, and 

results (Figure 5A) showed that the overall effect size 

was 0.13 (95% CI = 0.09–0.17, p = 0.000). Because the 

p value was under 0.05, the incidence of headache was 

different from 0 but at a low level, indicating that the 

OspA vaccine is safe. 

The funnel plot in Figure 5B shows that the studies 

were not quite symmetrically distributed and that a 

publication bias should be checked further using the 

Egger test (Table 1). The Egger plot in Figure 5C shows 

that all the studies were outside 95% confidence 

interval, but the Egger test in Table 1 shows that p = 

0.056, which is above 0.05; therefore, no publication 

bias existed and the conclusion of forest plot was 

reliable. 

 

Systemic side effects: Fever 

A heterogeneity test showed that p = 0.701 with I 

square of 0%, indicating that there was no 

heterogeneity. The fixed-effect model was applied, and 

results (Figure 5D) show that the overall effect size was 

0.01 (95% CI = -0.00–0.03, p = 0.179). Because p > 

0.05, the incidence of fever was equal to 0, indicating 

that the OspA vaccine is safe. 

The funnel plot in Figure 5E shows that the studies 

were not quite symmetrically distributed and one study 

was outside 95% confidence interval, so publication 

bias should be checked further using the Egger test 

(Table 1). The Egger plot in Figure 5F shows that all 

the studies were within 95% confidence interval, and 

the Egger test in Table 1 shows that p = 0.308, which is 

above 0.05; therefore, no publication bias existed and 

the conclusion of the forest plot was reliable. 

 

Systemic side effects: Arthralgia 

A heterogeneity test showed that p = 0.018 with I 

square of 75%, indicating that there was heterogeneity 

among the studies. The random-effect model was 

applied, and results (Figure 5G) show that the overall 

effect size was 0.02 (95% CI = -0.01–0.06, p = 0.230). 

Because p> 0.05, the incidence of arthralgia was equal 

to 0, indicating that the OspA vaccine is safe. 

The funnel plot in Figure 5H shows that the studies 

were not quite symmetrically distributed, and were all 

outside 95% confidence interval, so publication bias 

should be checked further using the Egger test (Table 

1). The Egger plot in Figure 5I shows that all the studies 

were within 95% confidence interval, and the Egger test 

in Table 1 shows that p = 0.458, so no publication bias 

existed and the conclusion of the forest plot was 

reliable. 

 

Discussion 
We conducted this meta-analysis to provide a 

comprehensive and systemic evaluation of the OspA 

vaccine. The results of our meta-analysis found that the 

geometric mean titer of the OspA vaccine was 6,918.31, 

which is higher than that before injection, and that a 

higher dose of 30 µg is accompanied by a higher titer 

than a lower dose of 15 µg, which was also found by 

Parenti et al. [34], indicating good immunogenicity and 

efficacy of the vaccine. We also found that incidence of 

local side effects (redness, soreness, and swelling) or 

systemic side effects (headache, fever, and arthralgia) 

occurred infrequently, which had no difference when 

compared with 0 except for soreness. The OspA 

vaccine against Lyme disease is therefore quite safe, as 

also reported by Poland et al. [28]. 

As the most common disease spread by ticks in 

the northern hemisphere, Lyme borreliosis has affected 

approximately 300,000 people each year in the United 

States and 65,000 people each year in Europe over the 

past decade [35-37]. In an environment with a growing 

number of Lyme borreliosis cases, vaccination is 

considered to be the most effective measure of 

controlling Lyme diseases and, in fact, is the only 

prevention method ever shown to be efficacious in large 

community trials [28]. 

Since Schaible et al. found that OspA could elicit 

protective immunity in 1990 [38], a series of studies 

focusing on OspA have been conducted. To summarize, 

the OspA vaccine has three main positive 

characteristics. First, it blocks transmission of Borrelia 

burgdorferi from ticks to the human body, and it is 

easier to test for efficacy. Second, as a subunit vaccine, 

it does not interfere with immunodiagnosis. Third, the 

vaccine targets a reasonably conserved protein within 

the species [8]. Though there are some prospective 

Lyme candidate vaccine antigens from Borrelia 

burgdorferi, such as OspA, OspB, OspC, DbpA, and 

Bbk32(p35), only OspA is approved by the Food and 

Drug Administration (FDA) to be a transmission-

blocking vaccine. LYMErix, marketed in the United 

States in 1999, was the first OspA-based human vaccine 

approved by the FDA. However, multiple reasons led to 

its demise. This was the first modern case of a FDA-

listed vaccine being withdrawn because of low needs 

and litigation [39]. Another OspA-oriented vaccine that 

Pasteur Merieux-Connaught developed never came into 

market, although its productive forces were equivalent 
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or even superior to those of LYMErix [17]. The loss of 

LYMErix invigorated examinations concerning further 

development of Lyme borreliosis vaccines. 

Recently, improvements have been made on a new-

generation, multivalent OspA-based Lyme borreliosis 

vaccine intended to protect against all Borrelia 

burgdorferi sensu lato strains related to global human 

diseases. With reference to preclinical research, 

antibody reactions were induced by a single 

recombinant OspA including protective components 

from two OspA serotypes (1 and 2), and thus secured 

mice from being infected with Borrelia burgdorferi 

(OspA-1) or Borrelia afzelii (OspA-2) [39]. Research 

concerning the multivalent recombinant OspA vaccine 

showed that immunized mice were protected from 

being infected with Borrelia burgdorferi, B. afzelii, 

Borrelia bavariensis, and Borrelia garinii. Likewise, 

the six OspA types targeted by the vaccine not only 

induced practical antibodies, but different types of 

Borrelia, encompassing B. spielmani, B. valaisiania, B. 

lusitaniae, and B. japonica, which further demonstrated 

that the vaccine could possibly protect against Lyme 

borreliosis comprehensively. The preparatory 

information shows that the new multivalent chimeric 

OspA vaccine could potentially be an imperative 

strategy to alleviate the developing effect of this 

debilitating illness. 

To strengthen the quality of this meta-analysis, a 

thorough literature search was performed in different 

databases. The literature selection and quality 

assessment were carried out strictly in accordance with 

the well-defined inclusion and exclusion criteria to 

reduce the selection bias and confounding bias, so some 

important works had to be excluded [16,17]. In the 

process of statistical analysis, the heterogeneity test and 

publication bias were important. 

Nevertheless, limitations of this meta-analysis 

should be acknowledged. Firstly, we found 

heterogeneity in redness, soreness, swelling, and 

arthralgia across studies. However, we were not able to 

determine the source of the heterogeneity. Secondly, 

since we only searched papers published in English and 

Chinese and all included trails were published in 

English, a language bias may exist. Thirdly, the 

possibility of selection bias may exist because 

unpublished related studies were not included. More 

high-quality research is needed for more reliable 

conclusions. 

 

Conclusions 
Despite the limitations mentioned above, the results 

of our meta-analysis found that the OspA vaccine 

against Lyme disease is safe and has good 

immunogenicity and efficacy. Instead of stagnating or 

giving up, further research on improving the vaccine is 

needed. On the foundation of preliminary studies, we 

can attempt to develop new vaccines for human use. 
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