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ABSTRACT

Objective: The objective of this study was to determine the levels of interleukin 2 (IL-2), to measure the T cell subpopulations,
NK and B cells count in Stage I and II syphilis patients before and after treatment, to analyze the changes in cellular and
humoral immunity during the pathogenesis and treatment of the disease, and to further study the role of cellular and
humoral immunity during syphilis infection and the relationship between mechanism and prognosis of the disease.

Methods: We divided the experimental subjects into five groups: 100 healthy donors as control, 50 untreated primary
syphilis patients, 42 treated primary syphilis patients, 50 untreated secondary syphilis patients, and 46 treated secondary
syphilis patients. Fresh anticoagulated blood samples were collected from patients and prepared for T cell subpopulations,
B lymphocytes, and NK cell testing using the flow cytometer within 24 h. The serum was separated, and IL-2 levels were
measured using the enzyme-linked immunosorbent assay method.

Results: (1) Changes in T-lymphocyte subsets: Comparing the BT I group with the normal, CD4+ T cells increased
significantly. In BT II category, the CD4+ T count was significantly low when compared with the control, the CD8+ T cells
significantly increased. In AT I group, CD4+ T cells increased significantly. CD4+ T cells reduced in AT II group, CD8+ T
cells increased significantly. Comparing AT II and BT II group, the CD4 + T cells of AT II increased significantly, and the
CD8 + T cell count of AT II decreased. Comparing BT I and BT II, a significant reduction was observed in CD4+ cells while
CD8+ cells increase significantly. CD4+ cells decreased significantly in AT I and AT II comparison, (2) changes in NK cells:
There was a significant decrease (P < 0.05) in BT I NK cells against the standard. NK cells count significantly (P < 0.05)
higher in BT II and when compared with the control. Among BT II and AT II, NK cells count decreased significantly
(P < 0.05) after treatment. There was a significant increase in BT I and BT IT NK cells, (3) changes in B cells: B lymphocytes
decreased significantly (P < 0.05) in BT IL. In comparing BT I and BT II, B cells decreased significantly. Similarly, B cells
decreased significantly in AT I and AT II groups comparison, (4) changes in IL-2 levels: Significant changes were noted in
all groups when compared with the normal. IL-2 decreased significantly when BT I and BT II compared.

Conclusions: T cells, NK cells, and IL-2 are involved in the onset and pathogenic mechanisms of the primary and
secondary syphilis disease and these cells influence the treatment of the disease. The efficacy of clinical treatment of
primary and secondary syphilis patients may be assessed using IL-2 as an alternative surrogate marker.

Key words: Treponema pallidum (syphilis), T lymphocytes, natural killer cells, interleukin-2, BT I (untreated Type I syphilis
patients), AT I (treated Type I syphilis patients), BT II (untreated Type II syphilis patients), AT II (treated Type II syphilis patients)

INTRODUCTION

Syphilis is a systemic disease caused by a thin, tightly
coiled spirochete, Treponema pallidum (TP) subspecies
Pallidum.™l Syphilis is credited to have infected
12 million additional people in 1999, with >90% of
cases in the developing world.” It influences between
700,000 and 1.6 million pregnancies a year, resulting in
spontaneous abortions, stillbirths, and congenital syphilis.
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Transmission of TP can occur through sexual contact,
kissing/close connection with active lesions, transfusions,
or unintentional injection. The disease is most infectious
during primary and secondary syphilis when patients have
chancres, mucous patches, condyloma latum, and other
lesions which are highly contagious. Primary/Type I/Stage I
syphilis is typically acquired by direct sexual contact with
the infectious lesions of another person.®! When primary
syphilis is not detected at an earlier stage and treated,
the disease gradually progresses to the secondary stage/
Stage II/Type II. Approximately 3-90 days after the initial
exposure (average 21 days), a skin lesion, called a chancre,
show up at the point of contact.”! The chancre is classically
(40% of the time) a single, firm, painless, and non-
itchy skin ulceration with a clear base and sharp boundary
between 0.3 and 3.0 cm in size." The lesion, however, may
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take on almost any form.® In the classic form, it evolves
from a macule to a papule and finally to an erosion or ulcer.
The interaction relation between a huge TP load and the
immune response of the host is as a result of secondary
syphilis. It is the phase of infection in which there is an
extensive dissemination of the pathogen to various parts
of the body. It becomes apparent at an average of 6 weeks
(range 2-16 weeks) after inoculation. TP infection is most
often established when the pathogen enters subcutaneous
tissues through microscopic abrasions that occur during
sexual intercourse.” Increased rates among heterosexuals
have occurred in China and Russia since the 1990s.1 The
increase been linked to unsafe sexual practices such as
sexual promiscuity, prostitution, and decreasing use of
barrier protection.** When syphilis is not detected early
enough and is left untreated; it has a mortality of 8-58%,
with a greater death rate in males. The number 1 potent
antibiotic developed against syphilis is penicillin. Penicillin
remains the first choice for the treatment of syphilis till
today.”! The highest treponemicidal serum concentration
of penicillin is 0.36 pg/ml which can eliminate the
organism in 6-9 h.®] Human infections with TP elicit
dynamic immune reactions causing damage to the body.
Several researchers have shown that T cells, B lymphocytes,
NK cells, and IL-2 may participate in the pathogenesis of
the spirochete. However, their specific response in primary
and secondary syphilis remains unclear.”!

Interleukin 211!

IL-2 isa Thl cytokine that plays a main role in the triggering
and build-up of lymphocytes that have been primed
by antigens. The current study shows that TP clearance
depends on the Thl cell-mediated immune response but
during early and secondary syphilis infection, there is
Th1/Th2 imbalance, and immune cells are inhibited.!""]
As a result of this immune suppression, the body’s ability
to clear the TP reduces and this also affects the outcome
of the treatment and the disease development. According
to some scholars, cytokines IL-2 and IFN-y can inhibit
the expression of Th2 cytokine IL-10." Thl, therefore,
plays a major role in the response of lymphocytes to the
clearance of the syphilis antigen. IL-2 signals through
the IL-2 receptor, sophistication made up of three chains,
termed alpha, beta, and gamma. IL-2 also advances the
differentiation of T cells into effector T cells and memory T
cells when the initial T cell is stimulated by a foreign body
(antigen), thus helping the body to clear pathogens.!'” Its
expression and secretion are tightly regulated and functions
as part of both transient positive and negative feedback
mechanism in mounting immune responses and tamping
them down.!™ Even though IL-2 is a Thl cytokine, it is a
crucial regulator of Th2 in a STAT5-dependent manner
and an inhibitor Th17 differentiation/development. IL-2 is
a major serum biomarker in several pathological situations
such as cancer, infectious diseases, transplant contradiction,

varied sclerosis, rheumatoid arthritis, systemic lupus
erythematosus, and Type I diabetes.

METHOD

Type of study design and venue

This research was conducted at the Dermatology and Clinical
Laboratory Department of the First Affiliated Hospital
of Jiamusi University, Heilongjiang Province, China. The
whole study lasted for 12 months. Approval was sought
from the Ethics Committee of The First Affiliated Hospital of
Jiamusi University, China. All participants gave their written
consents. The patients were identified and referred for
enrollment by the dermatologists after careful examination
and evaluation. Diagnosis of syphilis at the various stages
of infection was done by an amalgamation of compatible
history, clinical markers, and the results of non-treponemal
and treponemal tests of peripheral blood. 100 healthy donors
and hospital staft, who visited the outpatient department of
dermatology for a medical check-up for STD prevention,
were recruited for this work. All control subjects were non-
reactive for HIV and blood tests for the spirochete in both
serum RPR and TP antibody test, (Baxter Healthcare Corp.,
Miami, USA), and have no clinical symptoms consistent
with TP disease. Syphilis patients were not included in the
research if they had received an antibiotic within 1 month
before their first visit in the case of new diagnosis as well
as any of the following conditions: HIV-positive, pregnant
women, and children, recent infections including colds,
diabetes, fever, pericoronitis, and autoimmune diseases,
allergic diseases such as asthma, allergic rhinitis, measles,
tumor patients, and other associated conditions that may
interfere with our study result.

Specimen collection and follow-up protocol

Syphilis patients chosen for the study visited the dermatology
department from March 2015 to February 2016 and
satisfied the criteria for the research. Blood samples were
taken into the EDTA tubes after which centrifugation
and serum preservation in freezer at —80°C for later use
was done. Patients with the history of syphilis or syphilis
treatment were carefully monitored and accurate data
on previous treatment RPR titer values assessed. Medical
history and preserved blood samples of patients who were
already treated and were visiting the hospital for check-up
were available at the doctor’s table and the immunology
laboratory department, respectively. Serum TP antibody
and RPR test in both new cases and follow-up cases were
used for the diagnosis. All syphilis patients had their blood
taken every 3 months for RPR tests. The grouping for our
research was as follows: Group 1: Normal control group, the
hospital healthy population, serum RPR (-), and serological
TPPA/TP (Chemclin 600, Beijing Chemclin Biotech Co.,
Ltd, China) antibody test (-), Group 2: Untreated primary
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syphilis patients (BT I), presence of skin lesion called
chancre at the point of contact such as the penis, cervix, and
genitals 3-6 weeks without treatment, serum PRP (+), and
serological TPPA/TP antibody test (+), Group 3: Untreated
secondary syphilis patients (BT II), the presence of a
symmetrical, reddish-pink, non-itchy rash on the trunk and
extremities; evident 6 weeks after inoculation and commonly
disseminated including the palms and soles, serum PRP
(+), and serological TPPA/TP antibody test (+), Group 4:
Confirmed and treated primary syphilis patients (AT I),
serum PRP (+), and serological TP antibody test (+), and
Group 5: Confirmed and treated secondary syphilis patients
(AT II), serum PRP (+), and serological TP antibody test (+).

Flow cytometry and enzyme-linked immunosorbent
assay (ELISA) assay

With flow cytometry (BD FACSCanto 11V33896002182,
2014, USA) using CD monoclonal antibodies labeled by
BD Multitest 6-color TBNK reagent (Becton, Dickinson
Company, United States), and unique feature of peripheral
blood Ilymphocyte immunophenotypes was detected
through pre-treatment and post-treatment of 188 cases of
syphilitic patients and 100 cases of normal persons. The test
was conducted within 24 h. Meanwhile, the same patients’
serum IL-2 level was measured by Human IL-2 ELISA Kit
(E-10146, Shanghai Guangrui Biological Technology Co.
Ltd, China) and Perlong Microplate reader (DNM-9606,
Nanjing Perlove Medical Equipment Co., Ltd, China) was
used to read the absorbance at 450 nm within 15 min.

Statistical analysis

The Chi-square test and Student ¢-test were used. Figures
were presented as mean plus or minus the standard error
of the mean. All statistical analyses were performed using
SPSS 21.0 software. The significance level was set at P < 0.05.

RESULTS

Comparing the immune functions of primary syphilis
patients before treatment with control persons, a
significant increase (P < 0.05) was detected in CD4+
cells. There was an increase in CD8+, CD4+/CD8+ ratio,
and B lymphocytes in BT I, but the increase was not
statistically significant (P > 0.05). Nevertheless, there
was a significant decrease (P < 0.05) in NK cells and IL-2
produced in BT I when compared with the control. There
was a significant difference in the ages of the control
subjects and the BT I patients. CD3+ count in BT I patients
decreased (P > 0.05). Among secondary syphilis patients,
comparing BT II with the normal control, there was a
significant (P < 0.05) decrease in CD4+, CD4+/CD8+, and
B lymphocytes. However, significant increases (P < 0.05)
were observed in IL-2, CD8+, and NK cells. A decrease was
noted in CD3+ count but not significant (P > 0.05).

Comparing the control persons with treated primary
syphilis patients, there were increases in CD3+, CD4+,
CD8+, and B lymphocytes but not statistically significant
(P > 0.05). A significant increase (P < 0.05) was observed
only in CD4+ cells. There was a decrease in NK cells and
CD4+/CD8+ ratio but not significant. The IL-2 measured
after treatment was 105.3 + 13.7 pg/ml and statistically
significant when compared with the standard which is 40.9
+ 2.4 pg/ml. Again, the comparison between treated Type
II syphilis patients and the control population revealed a
significant increase (P < 0.05) and decrease in CD8+, and
CD4+/CD8+ ratio, respectively. CD4+, B cells, and NK
cells all reduced in count but the reduction is statistically
not significant (P > 0.05). On the other hand, CD3+
cells in total increased but not statistically significant
(P > 0.05). After treatment, the level of IL-2 was still high
(75.3 £ 12.5 pg/ml), the increase was statistically significant
(P < 0.05) when compared with the control.

Comparing the immune cells and IL-2 before and after
treatment in Type I syphilis patients, there was no significant
difference (P> 0.05) among the CD3+, CD4+, CD8+, CD4+/
CD8+, B cells, and NK cells generated before and after
treatment, but there was a significant decrease (P < 0.05)
in the IL-2 produced before and after treatment (269.3 +
36.5 pg/mland 105.3 £ 13.7 pg/ml, respectively). Significant
increases (P < 0.05) were observed in CD3+, CD4+, and
CD4+/CD8+ ratio of BT II and AT II after treatment.
B cells increased after treatment but not significant. More
so, there was a decrease in NK cells after the treatment, and
the decrease was statistically significant (P < 0.05). After
treatment IL-2 and CD8+ cells decreased, but the decrease
was statistically not significant (P > 0.05). In general, age and
gender have no significant effect on the tested parameters.

Comparing BT I and BT II, a significant decrease was
observed in CD4+ cells while a significant increase was
detected in CD8+ cells. NK cells increased significantly
after analyzing BT I and BT II groups. B cells decreased
significantly when BT I and BT II were analyzed. IL-2
concentration reduced significantly (P < 0.05) when the
disease progress from Stage I-II without treatment. CD4+
cells decreased significantly but CD8+ cells increased
(P > 0.05) in AT I and AT II groups. B cells decreased
significantly AT I and AT II groups were studied. NK cells
increased in AT I and AT II comparison, but the difference
was not statistically significant. IL-2 reduced when Type I
and II patients were compared after treatment, but the
reduction was not statistically significant.

In general, there was no significant difference observed in
the gender of both patients and normal control persons, but
there was a strong relationship with age and lymphocyte
count. The lymphocyte count decreases with increasing age
(Table 1).
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DISCUSSION

TP, the disease-causing agent responsible for syphilis
remains one of the human pathogens that cannot be grown
in vitro till present although there are lots of researchers
going on regarding that.' TP invasion causes several
immunological effects and plays important roles in the
incidence of syphilis, development, and recovery. Currently,
syphilis immune mechanism is not fully understood,
studies have shown that cellular immunity mediated by
T lymphocytes of the TP is crucial, and also cytokines
which play an important role."! According to experiments
conducted by Fitzgerald et al® in a rabbit model to
explain the phenomenon of syphilis progression, TP
stimulates the body to produce a cellular immune response
that is Th1-like responses to get rid of a large number of
spirochetes. The activated Thl cells produce high levels
of IL-2 and macrophages to produce large amounts of
prostaglandins which have a direct inhibitory effect on the
Th1 activity. Th1 response deals with the cellular immunity
while the Th2 response concerns the humoral response.
When the disease is not diagnosed at an earlier stage and
treated, the inhibitory effects of the Th1 cytokines suppress
the cellular immunity of the body making the spirochete
persist and progress to the secondary stage. The present
study was to determine the specific roles played by the
lymphocyte subpopulations and IL-2 during infection,
prognosis, treatment, and its clinical significance. The
study also looks at the effects of IL-2 on both cellular and
immune response during syphilis infection.

The general decrease in CD3+ cells (Table 2) of both
primary and secondary syphilis patients suggested that the
infection had reduced or weakened the cellular immunity
of the patients, and this supports earlier works that the total
number of T lymphocytes was reduced in patients with
early syphilis.'¥ Turner suggested that the T lymphopenia
may be as a result of uneven distribution of lymphocytes
in the lymphoid system. It has also been suggested that
cytotoxic antibodies to T lymphocytes may occur, although
lymphocytotoxic antibodies were shown to be active only

at 15°C. There is also the possibility that the TP itself is
directly toxic to T lymphocytes."s! Nevertheless, there
were no significant increases in CD8+, CD4/CD8+ cells,
and B lymphocytes during primary syphilis. The major
increase in CD4+ cells during the early stages of the disease
stimulates the production of Thl cytokines such as IL-2.
As a result, the level of IL-2 (Table 2) in the peripheral
rises significantly (P < 0.05). Thl cells (CD4+ cells)
secreted cytokines (IL-2) mainly mediate cellular immune
responses. Th2 cytokines (IL-4, IL-5) mainly play a role
in humoral immune response in producing antibodies to
mediate eosinophil and Th1 antagonism.""! The balance of
Th1/Th2 plays a key role in clearing syphilis.*"

In BT II, the significant (P < 0.05) increase in CD8+ cells
may be due to the long duration of the disease condition and
its suppressive effects on the cellular immunity. Because the
cellular immunity was unable to eliminate the pathogen,
the spirochetes multiply significantly as a result of a
decreased level of IL-2 leading type II syphilis. Since IL-2 is
known to be the most important T cell growth factor which
mainly increases the number and activity of T lymphocytes
leading to clearance of the TP pathogen,”"! a decrease in
IL-2 may, therefore, account for the significantly low CD4+
cells count and ultimately the CD4+/CD8+ ratio in BT II.
Although in our research, the quantity of IL-2 produced in
BT II is significantly higher (P < 0.05) than the control, it
is significantly lower (P < 0.05) compared to that produced
in BT I syphilis.

IL-2 mainly causes T-cell proliferation, stimulate B cell
growth, and antibody production.!"' NK cells proliferation
to clear the blood of TP was significantly inhibited
(P < 0.05) as the spirochetes multiply spontaneously and
the ability of the cells to produce IL-2 decreased. According
to Vivier, NK cells provide rapid responses acting at
around 3 days after infection triggering cytokine release,
causing lysis or apoptosis.?! Tabor et al.*! reported that
treponemal infection induced the production of suppressor
T cells (CD8+), which inhibited macrophage activity.
Although both CD4+ cells and CD8+ cells increased

Table 1: Basic information, RPR, and TP test results on the patients and the control

Parameters BT I BTII ATI ATII Control
n 50 50 42 46 100
Gender M (20) F (30) M (28) F (22) M (18) F (24) M (26) F (20) M (52) F (48)

M (40%) F (60%) M (56%) F (44%)

Mean age (years) 44.2+2.394 39+3.463
M (51.7) F (39.1) M (39.3) F (38.5)
RPR 28 (56%) @ 34 (68%) ©
22 (44%)* 16 (32%)*
TP antibody 50 (positive) 50 (positive)

M (43%) F (58%)

M (56.5%) F (43.5%) M (52%) F (48%)

40.4+3.396 34.696+2.494 35.9+0.893
M (39.4) F (38.8) M (36.4) F (31.8) M (35.6) F (36.2)
4 (9.5%) © 6 (13%) © Nil
38 (90.5%)* 36 (78.3%)*
4(8.7%) #
42 (positive) 42 (positive) 100 (negative)
4 (negative)

O = patients whose RPR test results are>1:8, *Patients whose RPR test results are<1:8 (not infectious), #patients whose RPR test results are non-reactive
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Table 2: Average values of T cells, B cells, NK cells, and IL-2 of syphilis patients and the normal expressed as (meantstandard error of the mean) and
comparisons

Group Age IL-2 CD3+ CD4+ CD8+ CD4+/CD8+ B cells NK cells
Control 36.5+1.31 40.9+2.4 62.67+1.49 37.84+0.99 19.51+1.05 2.13+0.18 13.54+0.776 14.90+1.27
BTI 44.242.40 269.3+36.5  61.0542.30  41.87#1.52  21.45%1.32 2.34+0.28 15.45+1.46 2.3410.28
P value 0.006* 0.000* 0.601 0.029* 0.287 0.573 0.220 0.000*
AT | 38.71+2.96 105.3+13.7 64.71+1.03 42.42+0.30 24.19+2.40 2.00+0.12 13.996+0.75 11.67+£1.18
P value 0.490 0.000* 0.334 0.000* 0.087 0.587 0.681 0.059

BT I and AT | (P value) 0.211 0.002° 0.119 0.710 0.333 0.302 0.413 0.808

BT Il 38.96+3.46 99.5+21.3 59.91+1.71 26.58+0.46 31.72+1.31 0.87+0.04 10.2940.598 19.00+1.202
P value 0.564 0.018* 0.258 0.000* 0.000* 0.000* 0.001* 0.012*
AT Il 35.44+2.52 75.3%£12.5 65.99+1.55 35.35+0.90 28.96+1.19 1.26+0.052 11.38+0.833 12.64+0.988
P value 0.737 0.017* 1.640 0.080 0.000* 0.000* 0.720 0.190

BT Il and AT Il (P value) 0.308 0.281 0.012° 0.000° 0.990 0.000° 0.319 0.010°
BT I and BT Il (P value) 0.222 0.000° 0.714 0.000 0.000 0.000 0.003 0.000

AT | and AT Il (P value) 0.372 0.221 0.535 0.000 0.063 0.000 0.011 0.554

BT I: Type I/Stage I/Phase I/primary syphilis patients without treatment, AT I: Type |/Stage 1/Phase |/primary syphilis patients after treatment, BT II: Type Il/Stage Il/phase
Il/secondary syphilis patients without treatment, AT II: Type |1/Stage IlI/Phase ll/secondary syphilis patients after treatment, *<0.05 (statistically significant differences

when group compared with control), <0.05 (statistically significant differences when group comparison was done)

during infection, the significant increase observed in
CD4+ cells as compared to CD8+ cells explains why the
increase was detected in CD4/CD8+ cell ratio. Early TP
infection induces both humoral and cellular immunity of
the body.*! Despite the significant increase in CD4+ cells
before treatment, the body was not able to clear itself of
the spirochete. The humoral immunity confers protection
on the body whiles the cellular immunity is weakened. The
significant difference in the ages of the normal and the BT
I group could be as a result of the higher diversity of the
control group which was randomly chosen.

There is a close relationship between cytokines related to
Thl and Th2 imbalance, and in our present study, after
TP infection progresses to the secondary stage; there is a
paradigm shift from Th1 to Th2, which may be important for
clinical diagnosis and treatment of the disease. Li’s research
suggested that Th2 cytokines such as IL-4 dominates in Stage
IT syphilis and induces the growth and differentiation of B
cells for antibody production. Contrary to our result in BT II,
there was a significant reduction (P < 0.05) in B lymphocytes.
NK cells, on the other hand, increased significantly and this
may enhance their killing function (Figure 1). It is, therefore,
evident from our study that NK cells play a major role in
“fighting” the spirochete when the cellular and humoral
immunity was suppressed. Lower levels of IL-2 promote
the growth and differentiation of NK cells and are therefore
the major cells fighting the pathogen in cases of suppressed
CD4+ activity and/or low IL-2 production. NK cells are
known to cross-talk with dendritic cells to impact T cell
responses. NK cells shape the subsequent immune response
by either boosting or dampening macrophage and/or T cell
responses through IFN-gamma or IL-10. This activity of
NK cells might be the cause of the suppressed cell immunity
whenever the NK is high.

B CD16+CD56+NK M CD19+CD45+B

Cells

BT | BT Il AT | AT Il

CONTROL

Groups

Figure 1: NK and B cells in AT I, AT Il, BT I, BT Il, and control.

After treatment, there was an increase in CD3+ cells
and a significant (P < 0.05) increase in CD4+ cells in
primary syphilis, and this simply means that the treatment
was effective. There was no significant increase in B
lymphocytes, and an insignificant decrease was observed
in NK cells (Figure 1). This reiterates the fact that cellular
immunity played the major role in clearing the pathogen
even after treatment. Among the type II patient after
treatment (AT II), the increase in CD4+ cells counts
indicated that the treatment was effective. There was a
decrease in CD4+, B lymphocytes, NK cells, and CD4+/
CD8+ cell ratio when compared with the control; this
could mean that these cells are “currently” involved in
the active clearing of the spirochete hence the decrease in
their numbers. The quantity of IL-2 in Type II syphilis after
treatment was still high (P = 0.170) and is likely to reduce
and stabilize with time.

When BT I and AT I groups were compared, there was no
significant difference in all the cellular parameters tested
(Figure 2), this may be as a result of the short period of
type I syphilis, early diagnosis and treatment given. As in
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the case of many infections, the body’s own natural immune
response can eliminate TP independent of antibiotic
usage, but in states of immune compromise, even the
most effective antibiotics may fail to eradicate TP.! In
Stage I syphilis, the body’s cellular immunity has been
compromised by TP, and the body cannot completely clear
the TP. After treatment, CD4+ cells significantly increase
the secretion of cytokines, an example of which is IL-2.
The IL-2 is most important T-cell growth factor mainly
produced by Th1 cells which can increase the number and
activity of T lymphocytes leading to clearance of the TP
pathogen. The higher the level of IL-2 in the patient’s body,
the ability of the body to get rid of the TP is stronger.?

When the comparison was done between BT II and AT II,
a significant increase (P < 0.05) was noted in CD3+ cells,
CD4+ cells, and CD4+/CD8+ cell ratio (Figure 2). An
increase was detected in B lymphocytes but not statistically
significant (P = 0.319). The population of these cells
increases as a result of the penicillin treatment and these
cells finally aid in clearing the spirochete from the body.
The action of the suppressor cells (CD8+) was impeded
with active proliferation and activity of helper T cells
(CD4+). IL-2 values decrease after a successful treatment,
but the decrease was not significant when compared with
untreated Type II syphilis patients. NK cells reduced
significantly (P < 0.05) after treatment and may be due to
its quick and short period response. The activity of NK cells
may become less important after enough of the spirochetes
have been cleared from the body. According to Vivier
et al., NK cells provide rapid responses acting at around
3 days after infection triggering cytokine release, causing
lysis or apoptosis.?? Yang Nitto® postulated that cellular
immune suppression and reduction is one of the main
factors in patients with prolonged and unhealed syphilis.
He suggested that in addition to the regular antisyphilitic
treatment should be combined with certain immune
modulators to enhance cellular immunity, efficacy, and
reduce recurrence.

In AT, 90.5% of the patients (Table 1) recorded a significant
decrease in their RPR test although they all tested positive
for TP antibody after treatment. According to Romanowski,
most patients who have reactive treponemal tests will have
reactive tests for the remainder of their lives irrespective of
treatment or disease activity. On the other hand,"* Fantry
suggests that non-treponemal tests in patients with primary
syphilis should be non-reactive within 6-12 months after
treatment. Relating these two hypotheses to our result, it
could be that these patients will forever test positive to the
TP antibody or may test negative for the antibody with
time although the treatment is a success. From Figure 3,
it can be deduced that total lymphocyte count decreases
with increasing age of the patients, and this could mean
that longer treatment duration with immune boosters is
needed in the elderly syphilis patients for a quick healing.

D
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Figure 2: CD3+, CD8+, CD4+, and CD4+/ CD8 in AT |, AT Il, BT I, BT II, and
control.
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Figure 3: Age and LMNPHS in BT I, BT I, AT I, AT Il, and control.

From our study, it can be implied that when syphilis is not
diagnosed at an earlier stage, Thl-type immune response
gradually weakens, Th2-type immune response dominates
eventually leading to Th1/Th2 immune imbalance. This
phenomenon results in an increased level of Th2 cytokines
such as IL-4 and decreases in Thl cytokines, and this
suppresses the body’s cellular immunity and ability to
clear TP, thereby causing the disease to persist. Cellular
immune suppression and reduction are one of the main
factors in patients with prolonged and unhealed syphilis.
We suggested that in addition to the regular antisyphilitic
treatment, certain immune modulators should be
combined to enhance cellular immunity, efficacy, and
reduce recurrence.”!

In conclusion, our study has shown that cellular immunity
becomes dominant within very short period but unable to
clear the body of the pathogen. The body produces a high
amount of IL-2 on spirochete infection for the proliferation
and activation of the cellular immunity. Treatment has a
closer relationship with CD4+ cells and IL-2 and without
treatment; the disease will ultimately progress to the
2" stage. The function and activities of CD4+ cells and IL-2
are directly proportional while IL-2 and B cells are inversely
related (Figure 4). Humoral immunity mediated by B cells
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Figure 4: Concentrations of interleukin 2 in peripheral blood of BT I, BT I,
AT I, AT Il patients, and control.

plays no significant role in type I syphilis before and after
treatment. IL-2 may be used as an alternative surrogate
marker for assessing the efficacy of clinical treatment of
primary syphilis patients. NK cells were the only major
cells aiding the body to clear the pathogen in BT II. Our
findings support the hypothesis that human infection with
TP is followed by a complex interaction between cellular
and humoral immunity, the former being suppressed in the
primary stage but reactivated after successful treatment.
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