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Abstract

Currently, increasing attention has been paid to the association of the serofast status with natu-
ral killer (NK) cells. Remarkable diversity among the results of different studies has been observed.  
We conducted this meta-analysis to evaluate the variation of the proportion of NK cells in serofast 
patients compared with that of healthy controls and cured patients. Through the designed retrieval 
methods, 631 serofast patients, 562 healthy controls and 160 patients whose serology turned negative 
following treatment were derived from 16 publications for further analysis. The established items were 
used for the standard selection and quality assessment. The Stata software was used for meta-analysis. 
The final results indicated that serofast patients exhibited a dramatic decrease in the number of NK 
cells in the peripheral blood compared with that noted in healthy control subjects [standardized mean 
difference (SMD) = –0.63, 95% CI (–1.08, –0.17), p = 0.007]. The proportion of NK cells was signifi-
cantly lower in serofast patients than that noted in cured patients [SMD = –0.25, 95% CI (–0.48, –0.02),  
p = 0.033] and no significant difference was noted in the proportion of NK cells between cured patients 
and healthy controls [SMD = –0.39, 95% CI (–0.93, 0.14), p = 0.148]. The present meta-analysis 
indicated that the proportion of NK cells in the peripheral blood was significantly lower in serofast 
patients compared with that of the healthy controls and cured patients, indicating that the reduction  
in the number of NK cells may be closely associated with the syphilis serofast status.
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Introduction
Syphilis is a chronic infectious transmitted disease 

caused by Treponema pallidum (TP) with various clini-
cal manifestations. It occurs widely all over the world and 
poses a challenge to global public health. Concomitantly, 
this disease increases the risk of human immunodeficiency 
virus (HIV) infection and transmission [1, 2]. Syphilis not 
only leads to the development of skin mucosal lesions, but 
also causes irreversible damage to the cardiovascular and 
central nervous systems. In addition, untreated pregnant 
women with active syphilis can suffer from miscarriage, 
stillbirth, premature delivery and fetal syphilis [3]. More 
than 12 million newly diagnosed syphilis cases have been 
reported worldwide each year [1]. Moreover, the rising inci-
dence of syphilis in recent years has been accompanied with 
a significant increase in the ratio of syphilis serofast [4, 5].

At present, there is no uniform regulation on syphilis 
serofast in the world. Chinese researchers produced a rela-
tively uniform definition as a reference for this condition in 
2015 [6]. The following criteria are used: syphilis patients 
must have undergone standard anti-syphilis treatment and 

full follow-up (the follow-up time for primary syphilis, sec-
ondary syphilis and latent syphilis is 1 year, 2 and 3 years 
respectively), and non-treponemal serological tests must 
have been maintained at a certain titer (generally ≤ 1 : 8, but 
> 1 : 8 is not uncommon) for more than 3 months, exclud-
ing biological false positives, reinfection, neurosyphilis and 
cardiovascular syphilis. This is defined as syphilis serofast 
by the Centers of Disease Control and Prevention (CDC) 
and represents the lack of at least a 4-fold decline in the titer 
of the non-treponemal assay in the period between 6 and  
12 months following treatment in the absence of progressive 
disease and in spite of almost complete cure success [7].

Although the specific mechanism of serofast in syph-
ilis patients is not clear, the majority of the studies have 
shown that the immune function of syphilis serofast pa-
tients has changed [8-11]. Natural killer (NK) cells are the 
major members of the innate immune system and exert 
anti-infective effects via the production of various cyto-
kines and cytotoxic effectors [12]. Several studies have 
been performed with regard to the number of NK cells in 
serofast patients and have produced distinct results. A sig-
nificant association between NK cells and serofast patients 
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was observed in certain studies, while other reports did not 
produce consistent results [13, 14]. Therefore, the objec-
tive of this meta-analysis was to systematically evaluate 
the variation of the proportion of NK cells in serofast pa-
tients compared with that of healthy control subjects and 
cured patients.

Material and methods

Study selection

The case-control studies were identified by searching 
PubMed, Cochrane Library, Google Scholar, China Na-
tional Knowledge Infrastructure (CNKI), Wan Fang da-
tabase and the Chinese and Scientific Journals Full text 
database (CQVIP) from database inception to October 
2019. The combination of medical subject heading terms 
used was as follows: (serofast OR seroresistance) AND 
(natural killer cells OR NK cells). No language restrictions 
were applied to the search. The complete citation screen-
ing process was based on the Preferred Reporting Items  
for Systematic Reviews and Meta-Analyses Statement 
(PRISMA) [15].

Inclusion and exclusion criteria

The inclusion criteria for this investigation included 
case-control studies that measured NK cells in the sera of 
serofast patients and compared them with control subjects. 
Initially, duplicate studies and studies that lacked import-
ant data were eliminated. Case reports, reviews, letters, 
conference abstracts and meta-analyses were excluded as 
well. 

Data extraction

We extracted the following data from each of the in-
cluded studies: study design, publication year, first author, 
sample composition, sample size and outcome. All data 
associated with NK cells were also extracted for further 
statistical analysis. The researchers extracted data from the 
included articles and an additional researcher finally exam-
ined the accuracy of the extracted data. We also contacted 
the author if important data were unclear or questionable.

Statistical analysis 

STATA 15.0 was used for the present meta-analysis. 
We used the I2 statistical test to evaluate heterogeneity. 
The degree of heterogeneity was considered small or neg-
ligible if I2 ≤ 50%. Whenever I2 > 50%, the heterogeneity 
was considered significant and the random-effects model 
was used. For all the outcomes, the data with a p-value 
lower than 0.05 were considered significant. The standard-
ized mean difference (SMD) with 95% confidence inter-
val (95% CI) was used to describe the continuous data. 
The association between the proportion of NK cells and 

serofast was assessed by these values and the results were 
presented as forest plots. Finally, the publication bias test 
was carried out on the included literature by Begg’s test 
(α = 0.05).

Results

Literature retrieval

A total of 265 Chinese and English studies were re-
trieved using the retrieval strategy. Two staff members, in 
strict accordance with the inclusion and exclusion criteria 
of the study design, performed preliminary screening, fine 
screening and final screening and finally 16 studies were 
included. The main characteristics of the studies included 
are shown in Table 1.

Meta-analysis

The comparison of the percentage of NK cells in the 
peripheral blood of patients in the serofast group was made 
with that of the healthy control group. The analysis in-
cluded 16 articles [14, 16-30], 631 patients in the serofast 
group and 562 patients in the healthy control group. Statis-
tical heterogeneity between the results of each study was 
noted (I2 = 92.6%). However, when no clinical heteroge-
neity was present, the random-effects model was used for 
data combination analysis. The mean value of each study 
was considerably different and SMD was adopted as the 
effect value. The combined results indicated that the pro-
portion of NK cells in serofast patients was significantly 
lower compared with that of the healthy control subjects. 
The differences noted were significant [SMD = –0.63,  
95% CI (–1.08, –0.17), p = 0.007] (Fig. 1).

In addition, the proportion of NK cells in serofast pa-
tients (n = 138), healthy control subjects (n = 148) and 
cured patients (n = 160) was compared. The data were 
extracted from four studies [14, 16-19]. The results re-
vealed that the proportion of NK cells was significantly 
lower in serofast patients than that noted in cured patients  
[SMD = –0.25, 95% CI (–0.48, –0.02), p = 0.033] (Fig. 2). 
Due to the decreased heterogeneity (I2 = 0.0%), the 
fixed-effects model was applied. In addition, no significant 
differences were noted with regard to the proportion of NK 
cells among cured patients and healthy subjects [SMD = 
–0.39, 95% CI (–0.93, 0.14), p = 0.148] (Fig. 3). Due to the 
apparent heterogeneity (I2 = 80.6%), the random-effects 
model was used. The summary of the meta-analysis on 
NK cells in serofast patients, healthy controls and cured 
patients is shown in Table 2.

Publication bias

Begg’s test was performed to assess the potential pub-
lication bias of all comparisons and the results indicated 
the absence of publication bias (Table 2). Funnel plots re-
vealed the absence of asymmetry as expected.
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Table 1. Main characteristics of the studies included in the meta-analysis 

Study Year Serofast patients Healthy controls Cured patients

n Mean SD n Mean SD n Mean SD

Huang 2018 103 8.10 0.80 103 8.70 0.80 – – –

Xie 2017 33 7.32 4.48 23 14.87 6.26 – – –

Liang 2016 60 21.58 6.11 60 14.18 4.55 – – –

Liu 2015 35 15.10 4.20 40 20.60 5.20 40 16.50 4.40

Xiong 2015 60 17.96 7.67 60 22.35 7.85 – – –

Xu 2014 40 8.20 0.70 40 8.60 0.60 50 8.50 0.70

Xie 2013 32 15.03 4.98 11 22.25 6.11 – – –

Zhang 2013 24 14.91 6.98 22 20.10 9.01 – – –

Guan 2013 54 18.39 7.93 32 22.84 8.47 – – –

Ruan 2012 32 14.91 6.98 30 20.10 9.01 – – –

Lin 2010 23 15.82 8.44 20 20.35 9.93 20 16.81 6.95

Liu 2010 25 10.41 7.21 20 25.67 7.76 – – –

Li 2009 20 13.00 6.00 18 16.00 6.00 20 13.00 8.00

Huang 2008 20 20.55 6.55 30 18.90 4.84 30 21.27 4.98

Bao 2006 38 0.06 0.02 23 0.13 0.04 – – –

Yang 2005 32 21.59 7.32 30 14.19 4.87 – – –

n – the number of study subjects

Study
ID SMD (95% CI)

%
Weight

Huang (2018) –0.75 (–1.03, –0.47) 6.70

Xie (2017) –1.43 (–2.03, –0.83) 6.15

Liang (2016) 1.37 (0.98, 1.77) 6.53

Liu (2015) –1.16 (–1.65, –0.66) 6.37 

Xiong (2015) –0.57 (–0.93, –0.20) 6.58 

Xu (2014) –0.61 (–1.06, –0.16)  6.45

Xie (2013) –1.37 (–2.11, –0.62)  5.81 

Zhang (2013) –0.65 (–1.24, –0.05)  6.16 

Guan (2013) –0.55 (–0.99, –0.10)  6.45 

Ruan (2012) –0.65 (–1.16, –0.14)  6.33 

Lin (2010) –0.49 (–1.10, 0.11)  6.13 

Liu (2010) –2.05 (–2.78, –1.32)  5.85 

Li (2009) –0.50 (–1.15, 0.1w5)  6.04 

Huang (2008) 0.30 (–0.27, 0.86)  6.21

Bao (2006) –2.40 (–3.08, –1.73)  5.98

Yang (2005) 1.18 (0.64, 1.72) 6.27

Overall (I2 = 92.6%, p = 0.000) –0.63 (–1.08, –0.17) 100.00

Note. Weights are from random effects analysis.

Fig. 1. Forest plot of the proportion of NK cells in serofast patients and healthy controls 
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Discussion

NK cells are core members of the natural immune 
system. The activity of NK cells determines the immune 
function of the body to some extent. With regard to pre-
vention of infection, NK cells not only kill cells infected 
by pathogens by direct contact with them, but also secrete 
cytokines to control the proliferation of pathogens in the 
cells [31]. A previous study showed that NK cells rapidly 
secrete a large number of cytokines following activation 

and mobilize NK cells to participate in the activation pro-
cess. Furthermore, the speed and intensity of activation 
are higher than those of the T cells [32]. During infection, 
the activity of NK cells is regulated by the interaction of 
stimulatory and inhibitory signals on the cell surfaces. NK 
cells play an immune killing function in the early stage of 
pathogen infection. Furthermore, NK cells can also release 
cytokines for immune regulation and serve as a bridge con-
necting adaptive and innate immunity. NK cells play an 
irreplaceable role in the prevention of infection. A large 

Fig. 2. Forest plot of the proportion of NK cells in serofast patients and cured patients
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Fig. 3. Forest plot of the proportion of NK cells in cured patients and healthy controls
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Study
ID SMD (95% CI)

%
Weight

Liu (2015) –0.85 (–1.31, –0.39) 21.25

Xu (2014) –0.15 (–0.57, 0.26) 21.84

Lin (2010) –1.11 (–1.78, –0.44) 18.06

Li (2009) 0.22) –0.42 (–1.07, 0.22) 18.43

Huang (2008) 0.48 (–0.03, 1.00) 20.43

Overall (I2 = 80.6%, p = 0.000)

Note. Weights are from random effects analysis. 

–0.39 (–0.93, 0.14) 100.00

Study
ID SMD (95% CI)

%
Weight

Liu (2015) –0.32 (–0.78, 0.13) 25.30

Xu (2014) –0.43 (–0.85, –0.01) 29.84

Lin (2010) –0.13 (–0.73, 0.47) 14.67

Li (2009) 0.00 (–0.62, 0.62) 13.74

Huang (2008) –0.13 (–0.69, 0.44) 16.45

Overall (I2 = 0.0%, p = 0.779) –0.25 (–0.48, –0.02) 100.00
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number of studies have also shown that the lack of NK 
cells is closely associated with fatal complications caused 
by various serious infections.

Recent studies have made significant progress in the 
mechanism of NK cells in immune or infectious diseases. 
However, previous work has focused on the function of 
NK cells in identifying and responding to bacteria, viruses, 
parasitic infections and tumors [12, 33]. A limited number 
of reports have examined the role of NK cells in TP infec-
tion. A previous study showed that a high number of NK 
cells that infiltrated the TP infected skin were present in 
addition to CD4+ and CD8+ T cells, whereas the number 
of NK cells in peripheral blood was significantly reduced 
in secondary syphilis and was accompanied by the pres-
ence of immature NK cell subtypes [34]. This subset of 
NK cells exhibited a poor ability to lyse the cells and a low 
ability to produce interferon γ (IFN-γ) and other cytokines 
[35]. We envisage that NK cells play an important role in 
the immune escape of TP and the formation of serofast.

Numerous studies have shown that the number of NK 
cells present in the peripheral blood of the serofast group 
is significantly lower than that of the healthy subjects  
[16-20, 23-30]. However, certain studies have document-
ed conflicting results [21, 22], and it has been shown that 
NK cells comprise an antibody-dependent cell-mediated 
cytotoxicity (ADCC) effector type of cells, which can only 
function by the combination of the antibodies and the tar-
get cells. The number of TP bacteria in serum-fixed pa-
tients was significantly reduced following the appropriate 
treatment. The immune function of NK cells is weakened 
and certain TP antigens remain in the body to form sero-
fast. Currently, there is a lack of consensus on the chang-
es in the number of NK cells in serofast peripheral blood 
specimens.

The present study is the first meta-analysis to perform 
an extensive and comprehensive assessment of the associ-
ation between NK cells and serofast. It can provide certain 
evidence-based results for a controversial issue based on 
current publications. We extracted the results from several 
studies and reduced the potential influence of the small 
sample size of the results by increasing the sample size. 
The analysis indicated that the proportion of NK cells 

in the serofast syphilis group was significantly lower 
than that of the healthy control and cured patient groups.  
The results did not indicate a significant difference in the 
proportion of NK cells between the cured patients and 
healthy control group.

The levels of cytokines secreted by NK cells deter-
mine the immune status of the body to a certain extent. 
Following activation, NK cells participate in the activation 
of macrophages by secreting IFN-γ and by maintaining the 
dominant state of Th1 in order to determine the differenti-
ation of cytotoxic lymphocyte precursor cells into mature 
cytotoxic lymphocytes [12, 32]. A previous study showed 
that macrophages can engulf and clear TP antigens, while 
they can also lower the number of TP bacteria at the in-
fection site via ADCC [36]. Based on the results of our 
meta-analysis, the proportion of NK cells in the peripher-
al blood of serofast patients was significantly decreased, 
whereas the ability of NK cells to secrete IFN-γ was weak-
ened. Therefore, we speculated that TP infection could 
affect the number of NK cells and reduce their immune 
function by indirectly affecting the immune functions of 
macrophages and Th1 cells [37]. Therefore, NK cells can-
not completely prevent the invasion of TP, which remains 
in a state of continuous infection in the human body, lead-
ing to the formation of serofast.

The current study has several limitations. Firstly, al-
though we conducted a methodological evaluation to avoid 
selection bias, the results of the heterogeneity analysis in-
dicated significant heterogeneity among various studies, 
which may lead to incomparability of the research results. 
Fortunately, no clinical heterogeneity was evident among 
the different studies and therefore the random-effects 
model was adopted to merge the SMD of similar studies, 
control their heterogeneity and ensure the reliability of the 
results. Secondly, the data were interpreted cautiously due 
to the small number of published studies available on this 
topic and most studies used small sample sizes. Therefore, 
the current study emphasizes the necessity of conducting 
additional trials to evaluate the association between NK 
cells and serofast. Thirdly, no uniform diagnostic criteria 
were reported for serofast, suggesting that the appropri-
ate methodology to assess the serological response is not 

Table 2. Summary of the meta-analysis on NK cells: serofast patients, healthy controls and cured patients

Comparisons No. of 
compa-
risons

Test of association Test of heterogeneity Publication bias

SMD 95% CI p-value Model I2 (%) p-value p-value
(Begg’s test)

Serofast patients  
vs. healthy controls

16 –0.63 –1.08~–
0.17

0.007 R 92.6 0.000 0.192

Serofast patients 
vs. cured patients

5 –0.25 –0.48~–
0.02

0.033 F 0.0 0.779 0.806

Cured patients  
vs. healthy controls

5 –0.39 –0.93~0.14 0.148 R 80.6 0.000 0.806

R – random-effects model, F – fixed-effects model
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known. Therefore, the random misclassification of serofast 
may affect the outcome. Fourthly, significant heterogeneity 
was noted in the present study. Moreover, we could not 
determine the source of heterogeneity by sensitivity and 
subgroup analyses. Finally, since the current results were 
mainly based on data from the Chinese population, further 
research is required on other populations to verify these 
findings.

In conclusion, the present meta-analysis indicated 
that the proportion of NK cells in peripheral blood was 
significantly lower in serofast patients compared with 
that in healthy subjects and cured patients, indicating that 
the reduction of NK cells may be closely associated with 
syphilis serofast. However, the exact role of the decreased 
number of blood NK cells in the formation of serofast is 
still not completely clear. Further studies on the associ-
ation between NK cells and the pathogenesis of serofast 
may provide a basis for the prevention and treatment of 
this condition in the future.
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