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Abstract
Objective: To investigate the changes of the levels of serum inflammatory factors, high sensitivity CReactive Protein (hs-CRP) and complement Component 3 (C3) and Component 4 (C4) in neonates with
Neonatal Gonococcal Conjunctivitis (NGC), and to explore the clinical significance.
Methods: Thirty-two neonates with NGC including 14 boys and 18 girls (3 d to 6 d old) were selected in
the Children’s Hospital of Zhejiang University to serve as experimental group, at the same time 32
healthy neonates (16 boys and 16 girls) with the same age distribution were also selected to serve as
control group. There were no significant differences in age, gender and other basic information between
two groups. Venous blood (2 ml) was extracted from all neonates with NGC and healthy neonates before
and 3 d after the beginning of treatment, and on the day of discharge to prepare serum sample. Levels of
hs-CRP, TNF-α, IL-1, IL-6, C3 and C4 were detected by Enzyme-Linked ImmunoSorbent Assay
(ELISA).
Results: Before treatment, levels of serum hs-CRP, TNF-α, IL-1, IL-6, C3 and C4 in neonates with NGC
were significantly higher than those in healthy neonates. With the progress of treatment, levels of hsCRP, TNF-α, IL-1, IL-6, C3 and C4 were gradually reduced to reach normal level. Correlation analysis
showed that levels of serum IL-6, C3 and C4 were positively correlated with the serum levels of hs-CRP.
Conclusion: Levels of serum hs-CRP, TNF-α, IL-1, IL-6, C3 and C4 were closely correlated with the
development of NGC, and the detection of those factors can provide valuable information for the
treatment of NGC.
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Introduction
Although Gonococcal Conjunctivitis (GC) is rare in adults, the
incidence is relatively high in neonates [1]. Compared with
developed countries, GC is more common in less developed
regions [2,3]. Neisseria gonorrhoeae are mainly transmitted in
sexually active adults and adolescents through sexual act [4].
However, Neisseria gonorrhoeae can also infect neonates
through their mothers during delivery [5]. Neonatal
Gonococcal Conjunctivitis (NGC) usually occurs at 2 or 3 d
after birth. The disease progress quickly, in some extreme
cases, NGC can lead to corneal ulcers or even blindness.
Antimicrobial therapy has been widely used in the treatment of
GC for both neonates and adults [6]. However, the
development of resistance of bacterial to antibiotic increases
difficulties in the treatment of GC [7]. Due to the genetic
diversity, Neisseria gonorrhoeae can obtain DNA from other
gonococci, or even commensal Neisseria species at all stages
of life cycle. This ability of Neisseria gonorrhoeae makes them
more easily to develop resistance to antibiotics [8]. It has been
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reported that Neisseria gonorrhoeae can be resistant to most
antibiotics that have been used in monotherapy, and Neisseria
gonorrhoeae may become an untreatable disease in near future
[8]. Even worse, a recent study pointed out that the spread of
Neisseria gonorrhoeae with antibiotic-resistance became faster
with more antibiotic treatment [9]. Therefore, how to control
the use of antibiotics without affecting treatment efficacy has
become a hot research field in the treatment of NGC.
Bacterial infection is always accompanied by the emergence of
inflammatory response, and anti-inflammatory treatment can
usually improve the conditions of disease [10,11]. Under the
infection of Neisseria gonorrhoeae, expression levels of
various pro-inflammatory factors will be increased, which in
turn triggers inflammatory response to further aggregate the
conditions [12,13]. In addition, the treatment progress of GC is
always accompanied by the changes of inflammatory-related
factors. Therefore, it will be reasonable to hypothesize that the
monitoring of the changes of inflammatory-related factors will
provide guidance for the use of antibiotics in treatment of
NGC, so as to avoid drug abuse.
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In this study, changes of inflammatory-related factors were
monitored in neonates with NGC during the treatment with
antibiotics. Clinical values of the detection of those factors for
the treatment of NGC were also discussed. The report is as
follows.

Materials and Methods
Objects
Thirty-two neonates with NGC including 14 boys and 18 girls
(3 to 6 d old) were selected in the Children’s Hospital of
Zhejiang University. The age of onset ranged from 24 h to 5 d
and the duration of disease ranged from 3 to 6 d. At the same
time, 32 healthy neonates (16 boys and 16 girls) with the same
age distribution were selected as control group. No significant
differences in age, gender and other basic information were
found between two groups. Mothers of 20 neonates with NGC
had a history of gonorrhea. Children showed varying degrees
of eyelid swelling and conjunctival hyperemia, and a larger
amount of pyogenic excretions with yellowish green color
released from palpebral fissure can also be observed. Secretion
of conjunctival sac was subjected to gram stain examination
and bacterial culture. Patients with gram-negative bacilli
identified in gram stain examination and/or Neisseria
gonorrhoeae detected by bacterial culture were diagnosed as
NGC. All 32 neonates were diagnosed with NGC. This study
was proved by the Ethics Committee of our hospital. Parents of
all the participants signed informed consent.

Treatment method
Conjunctival sac was rinsed with normal saline (about 50 mL/
time) and chloramphenicol eye drops (about 5 mL/time) in the
morning, sterile cotton swab was used to remove eye
discharge. All neonates with NGC were subjected to
intravenous infusion of ceftriaxone sodium at a dose of 50
mg/kg/d, once per d, 7 d as a course of treatment. Local
treatment was performed using ceftriaxone sodium eye drops
(5 g/L) diluted in balanced salt solution. Local treatment was
performed 3 times per d for 7 d as a course of treatment, and 4
to 5 eye drops were used for each time. Ofloxacin eye ointment
was applied on eyes before bedtime. Discharge criteria: eyelid
swelling faded, gram-negative bacilli and Neisseria
gonorrhoeae were not detected. Negative results in 2 times of
gram stain re-examination were considered as a cure.

Specimen collection
Venous blood (2 ml) was extracted from all neonates with
NGC and healthy neonates before and 3 d after the beginning
of treatment, and on the day of discharge. Blood samples were
kept in room temperature for 2 h, followed by centrifugation
(1000 rpm) for 20 min to collect serum. Serum was transferred
to sterile EP tubes and stored at -80°C before use.
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Enzyme-linked immunosorbent assay (ELISA)
Levels of Interleukin-1 (IL-1), Interleukin-6 (IL-6), Tumor
Necrosis Factor α (TNF-α), high sensitivity C-Reactive Protein
(hs-CRP), complement Component 3 (C3) and complement
Component 4 (C4) were measured using ELISA kits provided
by abcam (ab100562 for IL-1, ab46042 for IL-6, ab181421 for
TNF-α, ab99995 for CRP, ab108822 for C3 and ab108825 for
C4) and Bio-Rad Model 680 microplate reader (USA).
Concentration of each protein was calculated using WLOGIT
software.

Statistical analysis
Data were processed using SPSS19.0 software. Measurement
data were expressed as x̄ ± s, comparisons within groups
between different time points were performed by repeated
measures analysis of variance, and comparisons between
groups were performed by t-test. Correlation analyses were
performed by Pearson correlation analysis. p<0.05 was
considered to be statistically significant.

Results
Changes of hs-CRP levels in neonates with NGC
during treatment
CRP is a protein synthesized by the liver. Level of CRP can be
rapidly increased under inflammatory response. Therefore,
CRP can be used as an indicator of bacterial infection. In this
study, levels of hs-CRP in neonates with NGC were detected.
As shown in Table 1 and Figure 1, level of serum hs-CRP in
neonates with NGC was significantly higher than that in
healthy neonates (p<0.01). Level of serum CRP in neonates
with NGC was significantly reduced after 3 d treatment
(p<0.05), but was still significantly higher than that of control
group (p<0.01). After treatment, level of serum hs-CRP in
neonates with NGC showed no significant difference to that of
healthy neonates. Those results suggest that level of serum hsCRP was gradually decreased to normal level (<2 mg/L) with
the progress of treatment.

Changes of TNF-α levels in neonates with NGC
during treatment
As an inflammatory factor, expression level of TNF-α can be
increased by inflammatory response during the early stage of
inflammation. Increased level of TNF-α protein can accelerate
protein degradation to cause fever. TNF-α can also stimulate
IL-1 and IL-6 secretion to trigger a series of cytokine cascades,
thus causing secondary injury. Therefore, we investigated the
changes of serum TNF-α level in neonates with NGC. As
shown in Figure 2, level of serum TNF-α in neonates with
NGC was significantly higher than that in healthy neonates
(p<0.01). After treatment for 3 d, level of serum TNF-α in
neonates with NGC was significantly reduced compared with
the level before treatment (p<0.05), but was still significantly
higher than that of control group (p<0.01). After treatment,
level of serum TNF-α in neonate with NGC showed no
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significant difference to that of healthy neonates. Those results
suggest that level of serum TNF-α was gradually decreased to
normal level with the progress of treatment.
Table 1. Changes of hs-CRP levels in neonates with NGC.
Day

n

hs-CRP (ng/ml)

0

32

18.67 ± 3.96**

3

32

11.22 ± 3.15**$

Discharge

32

1.65 ± 0.27$

Control

32

1.63 ± 0.30

Notes: **Compared with the control group, p<0.01; $Compared with the level
before treatment, p<0.05.

Changes of serum IL-1 and IL-6 levels in neonates
with NGC during treatment
IL-1 and IL-6 are two pro-inflammatory factors that play
pivotal roles in inflammatory responses. Therefore, changes of
IL-1 and IL-6 levels in neonates with NGC during treatment
were detected in this study. As shown in Figures 3A and 3B,
levels of serum IL-1 and IL-6 in neonates with NGC were
significantly higher than that in healthy neonates (p<0.01).
After treatment for 3 d, levels of serum IL-1 and IL-6 in
neonates with NGC were significantly reduced compared with
the levels before treatment (p<0.05), but were still significantly
higher than those of control group (p<0.05 or p<0.01). After
treatment, no significant differences were found in levels of
serum IL-1 and IL-6 between neonates with NGC and healthy
neonates. Those results suggest that levels of serum IL-1 and
IL-6 were gradually decreased to normal level with the
progress of treatment.
IL-6 is an important factor in stimulating the production of
CRP. Therefore, correlation between IL-6 level and CRP level
was analyzed. Results showed that level of IL-6 was positively
correlated with level of CRP at 3 d after the beginning of
treatment (Figure 3C) and after the completion of treatment
(Figure 3D).

Figure 1. Changes of hs-CRP level in neonates with NGC during
treatment. Notes: **Compared with the control group, p<0.01;
$Compared with the level before treatment, p<0.05.

Figure 3. Changes of IL-1 and IL-6 levels in neonates with NGC
during treatment. (A) Changes of IL-1 level in neonates with NGC
during treatment; (B) Changes of IL-6 level in neonates with NGC
during treatment; (C) Correlation between level of serum IL-6 and
CRP before treatment; (D) Correlation between level of serum IL-6
and CRP at 3 d after the beginning of treatment. Notes: **Compared
with the control group, p<0.01; $Compared with the level before
treatment, p<0.05.

Figure 2. Changes of TNF-α level in neonates with NGC during
treatment. Notes: **Compared with the control group, p<0.01;
$Compared with the level before treatment, p<0.05.
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Changes of levels of C3 and C4 in neonates with NGC
during treatment
CRP can bind to complements to participate in
immunoregulation. Therefore, changes of levels of C3 and C4
in neonates with NGC during treatment were detected in this
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study. As shown in Figures 4A and 4D, levels of serum C3 and
C4 in neonates with NGC were significantly higher than that in
healthy neonates (p<0.01). After treatment for 3 d, levels of
serum C3 and C4 were significantly reduced compared with
the levels before treatment (p<0.05), but were still significantly
higher than those of control group (p<0.01). After the
completion of treatment, no significant differences were found
in levels of serum C3 and C4 between neonates with NGC and
healthy neonates after the completion of treatment. Those
results suggest that levels of serum C3 and C4 were gradually
decreased to normal level with the progress of treatment. In
addition, correlation analysis revealed that levels of serum C3
and C4 were positively correlated with the serum levels of hsCRP (Figures 4B, 4C, 4E and 4F).

Figure 4. Changes of C3 and C4 levels in neonates with NGC during
treatment. (A) Changes of C3 level in neonates with NGC during
treatment; (B) Correlation between level of serum C3 and CRP
before treatment; (C) Correlation between level of C3 and CRP at 3 d
after the beginning of treatment; (D) Changes of C4 level in neonates
with NGC during treatment; (E) Correlation between level of C4 and
CRP before treatment; (F) Correlation between level of C4 and CRP
at 3 d after the beginning of treatment. Notes: **Compared with the
control group, p<0.01; $Compared with the level before treatment,
p<0.05.

Discussion
With the ability to obtain DNA from other Neisseria species,
Neisseria gonorrhoeae can easily develop resistance to
antibiotics used in clinical practices. It has been reported that
almost all commonly used antibiotics classes including,
tetracycline, penicillin and fluoroquinolones failed in the
treatment of Neisseria gonorrhoeae due to resistance [14,15].
Various vulnerable groups suffered from Neisseria
gonorrhoeae [16,17]. In some countries, only one antibiotic
can be used to effectively treat Neisseria gonorrhoeae [9].
Therefore, the development of a management program to
reduce the use of antibiotic without affecting treatment efficacy
is urgently needed. Inflammatory response, which is involved
in the development of various bacterial infections, can
contribute to the aggregation of disease conditions. Increases in
level of CRP can usually be observed in patients with chronic
or acute inflammation and bacterial infection [18]. Therefore,
increased level of CRP protein is usually used as an indicator
of bacterial infections in clinical practices. In the study of
serious bacterial infection in neonates, Stein reported that the
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specificity of CRP was 82% for the prediction of infection,
which was significantly higher than that of PCT (75%) and sTREM-1 (48%) [19]. In another study, sensitivity and
specificity of the use of CRP in predicting bacterial infection in
liver cirrhosis patients reached 77% and 85%, respectively
[20]. In the study of AIDS, CRP was proved to be a predictor
of mortality in female patients with HIV-1 infection [21]. All
those studies suggest the clinical values of CRP in predicting
other types of infections. A recent study reported that
expression level of CRP was also upregulated in patients with
Gonococcal infection [22]. In our study, level of serum CRP
was found to be significantly increased in neonates with NGC
than in healthy neonates. In addition, level of serum CRP was
gradually decreased to normal level with the progress of
treatment. Those results suggest that CRP can potentially be
used as an indicator of the efficacy of antibiotics in the
treatment of NGC.
As an inducer of the inflammatory response, expression level
of TNF-α is usually increased in the early stage of various
infections [23]. During persistent fungal infection, increased
release of TNF-α from inflammatory dendritic cells was
proved to be able to increase IL-5/IL-17A levels in lung to
promote inflammatory responses in neutrophilic airway [24]. It
has been reported that expression level of IL6 was upregulated
under fungal infection, and increased level of IL6 protein could
regulate the interactions between IL-17A and IL-17RC to
increase inflammatory responses induced by microbial
infection [25]. The production of IL-1 was also enhanced
during inflammation [26]. In contrast, levels of IL-1 and IL-6
were gradually reduced during the treatment of inflammation
diseases [27,28]. Consistent results were found in our study. In
this study, levels of TNF-α, IL-1 and IL-6 were found to be
significantly higher in neonates with NGC than healthy
neonates. With the progress of treatment, levels of serum TNFα, IL-1 and IL-6 were gradually reduced to normal level. Those
data suggest that TNF-α, IL-1 and IL-6 may potentially be used
as predictors for the treatment outcomes of NGC. In addition,
IL-6 was reported to be able to stimulate the expression of
CRP. In addition, level of IL-6 was found to be positively
correlated with the level of CRP, indicating the interactions
between IL-6 and CRP during NGC.
CRP can usually bind to complement to play its role in
inflammatory responses [29]. In this study, significantly
increased levels of C3 and C4 (two components of
complement) were observed in neonates NGC compared with
healthy neonates. However, levels of C3 and C4 were
gradually reduced to normal levels with the progress of
treatment. Those results indicate that the detection of levels of
C3 and C4 may also provide valuable information for the
prediction of treatment outcomes of NGC. It’s worth to note
that a single factor may not be sufficient for the accurate
prediction of the efficacy of the treatment of NGC. A previous
study showed that the sensitivity of CRP is only 45% in the
prediction of serious bacterial infection in neonates. Thus,
combined use of those factors may significantly increase the
accuracy and efficiency.
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In conclusion, increased levels of IL-1, IL-6, TNF-ɑ, CRP, C3
and C4 were closely related with the development of NGC.
The detection of those factors can provided valuable
information for the treatment of NGC.
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