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Abstract— Estimation of seminal inflammation is highly 
necessary for management of Infertile patients, 
unfortunately peroxidase staining and leukocyte count is 
not indicative for true inflammation. This study aimed to 
develop a rapid NLRP3 immunochromotography (ICT) 
strip as an alternative tool for indication of inflammation 
rather than confusing Endtz test. Methodology: 
Immunochromotography cassette developed in the 
Department of Microbiology/ College of Medicine/ AL-
Nahrain University. Polyclonal capture rabbit anti-NLRP3 
(test line) and goat anti-rabbit IgG antibodies (control line) 
were applied on each nitrocellulose membrane. Gold-in-a-
BoxTM conjugation kit (40nm. 15OD) conjugated anti-
NLRP3 were adsorbed in conjugate pad, then assembled in 
the test cassette. The developed kit was tested in vitro using 
ELISA kit depending on serial concentration of standard 
NLRP3 protein. Fifty infertile patients included in this 
study, seminal fluid analysis and Endtz test were done. 
Results: the developed NLRP3 ICT was sensitive at the level 
of 5 ng/ml. NLRP3 was detected in seminal fluid of 30 (60%) 
of infertile patients. ICT assay showed 92.86 sensitivity and 
81.82 specificity in comparison with ELISA test. 
Conclusion: NLRP3 protein in seminal plasma may be 
associated with the increased leukocytospermia, bad sperm 
quality among infertile male with higher sensitivity than 
Endtz test. NLRP ICT kit could be used for diagnosis of 
inflammation in infertile men. 

Index Terms—Leukocytospermia, Immunochromatography, 
Infertility, Inflammasome, .  

I. INTRODUCTION 
Leukocytospermia defined as the presence of at least 1*10^6 
leukocytes/mL in a semen sample (World Health Organization 
2010). This could be found in both fertile and infertile men with 
or without genital tract infection (Aggarwal et al. 2015; Lackner 
et al. 2010). However, several methods have been used for 
estimation of inflammatory state in semen sample predicting its 
importance as a diagnostic tool for infection or correlate with 
seminal fluid analysis (Agarwal, Clinic, and Agarwal 2014; 
Aziz et al. 2004; Sandoval, Raburn, and Muasher 2013). 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
At least three methods used for detection of leukocytospermia 
in semen sample, Direct counting of round cells, 
Immunocytochemistry and peroxidase staining (Agarwal, 
Gupta, and Sharma 2016; Sandoval et al. 2013). Direct counting 
gives false positive results as its inaccurate to distinguish the 
white blood cells from immature germ cells (Riedel 1980), or 
by expensive method like flocytometry using specific 
antibody(Ricci et al. 2000) or by peroxidase staining (Agarwal 
et al. 2016).  
NLRP3 (NOD-like receptor family, pyrin domain containing 3) 
inflammasome is a complex multiprotein that mediate 
maturation of inflammatory cytokines (interleukin 1ß and 
interleukin 18)(Elliott and Sutterwala 2015). NLRP3 
inflammasome activation and its released cytokines have been 
shown to participate directly in inflammatory process of 
infectious diseases as a result of toll like receptor recognition of 
pathogen associated molecular patterns. Inflammasome also 
participate in several autoimmune diseases, Alzheimer’s 
dementia, and others, which are well-reviewed elsewhere (Guo, 
Callaway, and Ting 2015).  
It has shown that elevated inflammasome related cytokines in 
infertile men with spinal cord injury and none spinal cord injury 
were associated with bad seminal fluid analysis affecting sperm 
motility(Hayrabedyan et al. 2016; Ibrahim et al. 2013; Jurewicz 
et al. 2014; Travis et al. 2016). Furthermore, inflammasome 
activation and its associated cytokines could affect 
spermatogenesis and Sertoli cell function via induction of 
reactive oxygen species (ROS) induced sperm cell damage 
during or before ejaculation (Jiang et al. 2016; Omu et al. 1999). 
The NLRP3 protein in seminal plasma may be associated with 
the increased leukocytospermia, bad sperm quality among 
infertile male and may interfere with pregnancy outcome after 
different methods of assisted reproductive technologies using 
intra-uterine insemination or in vitro fertilization or intra-
cytoplasmic insemination. 
This study aims to measure NLRP3 protein in seminal plasma 
in relation with grade of leukocytospermia and semen fluid 
analysis among infertile male. Determine the validity of NLRP3 
immunochromotography assay as qualitative test as compared 
with ELISA method in seminal plasma. 
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II. MATERIALS AND METHODS 

A. Infertile patients and sample processing: 
The study included fifty infertile men attending the High 

Institute of Infertility Diagnosis and Assisted Reproductive 
Technology / Al-Nahrain University period from December 
2016 till March 2017.  

Seminal fluid analysis done according to WHO criteria 2010, 
grades of leukocytospermia were evaluated by using Endtz test 
according to standard method(Shekarriz et al. 1995).  

Seminal plasma was separated by centrifugation of liquified 
semen at 1000 × g for 20 minutes then aliquots were made and 
stored at -50°C until assay. 

B. Preparation of standards and controls 
Rabbit anti-NLRP3 polyclonal antibody (orb156462) 

NLRP3 protein (orb374803) and Goat anti Rabbit IgG antibody 
(orb98806) were obtained from Biorbyt, UK. 

The polyclonal antibody was conjugated of 40nm gold 
nanoparticle (Gold-in-a-Box kit, BioAssay Works [Ijamsville, 
MD, USA]) and fixed on conjugate pad, while capture antibody 
and anti-isotype antibody were fixed on nitrocellulose 
membrane as a test line and control lines respectively.  

A serial dilution of the NLRP3 protein were performed as 
100, 50, 25, 12.5, 6.25, 3.125, 1.5625, 0.781, 0.390 and 0.19 
ng/ml prepared from NLRP3 protein (orb374803) Biorbyt UK. 
These standards were prepared and tested three times, in 
addition to NLRP3 free distilled water and bovine serum 
albumin as quality controls for the test. 

 

C. Gold nanoparticle-antibody conjugation protocol: 
After shaking of gold solution, 0.5 ml was added into each 

ten 1.5ml tubes. Fifteen microliters of anti-NLRP3 antibody 
(equivalent to 15 µg) added to each tube containing gold 
nanoparticle, vortexed at low speed mixed thoroughly for 2 - 3 
seconds. Then allowed to stand (continue the conjugation 
process) for a total of 30 minutes. A slight purple or no change 
in color tube indicates sufficient gold nanoparticle – antibody 
conjugation. Blocking of gold nanoparticles achieved by adding 
Fifty microliters of Bovine Serum Albumin to each tube for (for 
prevention of binding with other molecules).  

D. Reaction strip and cassette assembly: 
The preparation of cassette parts (sample pad, nitrocellulose 

membrane, and conjugation pad) were done as previously 
described (Huang 2006) with modifications. Cellulose fiber 
(sample pad) was treated blocking buffer and then dried 
overnight at 37 °C. After blocking of the nitrocellulose 
membrane with phosphate buffered saline (PBS) buffer, anti-
NLRP3 and goat anti-RABBIT IgG antibodies were doted by 
Hamilton syringe as a test and control lines with repeating 
dispenser consistently dispenses 0.5µl in each spot. The 
conjugation pad (glass fiber) was blocked with blocking buffer 
then, the membrane and conjugation pad were dried at 37 °C 
for 4 hours. Then 0.5 μL of prepared gold nanoparticle antibody 
conjugate was applied to a conjugate pad and completely dried 
at 37 °C for 3 h. the lateral flow strips were assembled on thick 

adhesive tape and cut in 0.6 cm width and inserted into a plastic 
cassette. 

 

E. NLRP3 Lateral Flow Assay Procedure: 
One hundred microliters from each of normal saline 

(negative control), NLRP3 Standards protein (positive control) 
at different concentrations (100, 50, 25, 12.5, 6.25 and 3.125 
ng/ml) were applied to the sample pad to determine the 
sensitivity and specificity of ICT test. 100 μl of seminal plasma 
were diluted with equal volume of phosphate buffered saline 
(pH=7.4), then applied on the sample pad. Up to 30 minutes 
later reaction will be developed and interpreted. 

Test strip sensitivity was assessed by different concentrations 
of positive control. Specificity was assessed by applying 
NLRP3 free serum (Bovine serum albumin) and normal saline 
to the sample pad. 

F. Human NACHT, LRR and PYD domains-containing 
protein 3 (NLRP3) ELISA: 

This sandwich ELISA kit was purchased from Abbexa 
company UK (abx516996) for quantitative detection of human 
NLRP3 with detection range is 0.156 ng/ml - 10 ng/ml with 
Sensitivity: 0.156 ng/ml. the measurement of plasma NLRP3 
were done according to manufacturer instruction and optical 
density read at 450 channel. Linear standard curve was 
generated, NLRP3 concentration calculated according to the 
equation of curve.  

G. Statistical analysis: 
Data obtained from this study analyzed with statistical 

package for social sciences (SPSS) version 21. Data described 
as mean and standard deviation (SD). Validity and 
predictability of developed NLRP3 ICT assay was assessed in 
relation to gold standard test peroxidase by calculating 
sensitivity, specificity, predictive value of positive and negative 
test results. Correlation regression were calculated to determine 
the correlation among variables(Matthews and Farewell 2015).   

III. RESULTS 
The mean age of infertile was 29.44 years old and their 

seminal fluid analysis summarized in table 1. Among them, 19 
(38%) have leukocytospermia more than 1 million/ml with 
mean 2.16±5.41 leukocyte/ml. 

 
Table 1: Patients demographic and laboratory results.  

 Total (n=50) 

Age (year) 29.44±5.00 

Volume (ml) 2.55±0.65 

pH 7.36±0.06 

Sperm Concentration (million/ml) 39.26±23.92 

Motility (%) Grade A 8.80±11.05 
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Grade B 15.60±9.24 

Grade C 18.40±12.91 

Grade D 57.60±25.92 

Morphology (%) 20.48±5.67 

Round cell (%) 10.52±7.25 

NLRP3 RADT Positive (%) 30 (60) 

NLRP3 ELISA (ng/ml) 5.12±1.85 

Leukocyte count (million/ml)  2.16±5.41 
Data presented as mean± standard deviation. 
Comparison made by independent sample t-test. 
 

A. Analytical sensitivity and specificity of lateral flow 
test: 

Upon optimization of NLRP3 antibody and its protein, the 
consistent results were obtained and the developed kit reported 
to be sensitive at the level of 5 ng/ml and none reactivity to 
NLRP3 free serum.  

 
Fig. 1: results of standards in lateral flow test. 

B. Accuracy of NLRP3 rapid antigen detection test: 
The accuracy of the lateral flow assay was determined by a 

recovery test. The quantitative measuring of NLRP3 
concentration in seminal plasma using ELISA kit was 
determined for each sample and standards of the kit, then the 
minimal detection limit of developed kit was 5 ng/ml was 
proposed as a cut off value. The results in table 2 showed an 
excellent sensitivity 92.86% and very good specificity 81.82% 
with positive predictive value 86.67% and negative predicative 
value 90%. 
Table 2: Accuracy results of rapid NLRP3 antigen detection test. 

NLRP3 
ELISA 
Positive (≥5 
ng/ml) 

Negative (<5 
ng/ml) 

RADT 
Positive 26 4 

Negative 2 18 

Total 28 22 

Effect size Value 

Sensitivity 92.86 (77.35-98.73) 

Specificity 81.82 (61.48-92.69) 

Positive Predictive 
Value 86.67 (70-32-94.69) 

Negative Predictive 
Value 90 (69.9-98.22) 

Likelihood Ratio 5.107 
 

C. Correlation of sample analysis using different 
methods: 

A total of 50 infertile patients’ semen samples was analyzed 
for indication of leukocytospermia using Endtz test, and 
seminal plasma NLRP3 protein using quantitative sandwich 
ELISA assay and the newly developed kit. The results of 
correlation analysis were presented in table 3. A positive 
correlation were obtained between RADT assay and both 
quantitative and qualitative NLRP3 ELISA test (r=0.578 and 
0.510) respectively and leukocyte count and grade of 
leukocytospermia (0.357 and 0.384) respectively.  

The results in table 4 showed that positive RADT and 
quantitative NLRP3 ELISA test were negatively correlated with 
Sperm concentration, grade B and C and positively correlated 
with grade D sperm motility indicating that both leukocytes and 
the presence of NLRP3 have adverse effect on seminal fluid 
analysis by reducing sperm motility, grade B and C sperm 
motility and higher rate of grade D motile sperm. Round cells 
count was positively related count and grade leucocyte 
indicating that higher rate of false positive round cell count. 

 
Table 4: correlation among different methods and change in sperm motility 
after in vitro sperm activation. 

  RADT ELISA 
(ng/ml) 

Volume r -0.159 -0.108 
p 0.27 0.454 

Ph r -0.152 -0.076 
p 0.293 0.601 

Concentration  r -0.353* -0.359* 
p 0.012 0.010 

Change in 
sperm motility 
(%) 

Grade A r -0.108 -0.226 
p 0.454 0.115 

Grade B r -0.348* -0.346* 
p 0.013 0.014 

Grade C r -0.326* -0.304* 
p 0.021 0.032 

Grade D r 0.313* 0.357* 
p 0.027 0.011 

Morphology r -0.185 -0.167 
p 0.199 0.248 

Round cell r -0.043 0.037 
p 0.765 0.797 

Endtz (million/ml) r 0.357* 0.203 
p 0.011 0.157 

leukocyte grade r 0.384** 0.343* 
p 0.006 0.015 

ELISA (cutoff 5ng/ml) r 0.510** 0.597** 
p ≤0.001 ≤0.001 
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IV. DISCUSSION 
The association between inflammation of the male reproductive 
system has subsequently resulted in development of infertility. 
It’s more likely described as cause and effect relationship. In 
particular, the quality of seminal fluid analysis could be reduced 
in case of inflammatory processes through impairment of 
secretory capacity of sexual glands, obstruction of the sperm, 
increased pro-inflammatory mediators, increased oxidative 
stress and dysregulated spermatogenesis(La Vignera et al. 
2011, 2013). To the best of our knowledge, this is the first study 
that determine the seminal plasma level of NLRP3 protein 
among infertile men using two different methods.  
The first one is quantitative method performed by Enzyme 
linked immunosorbent assay (ELISA), the study reported that 
the mean NLRP3 5.12±1.18 ng/ml and this might reflect an 
inflammatory state among infertile men. Based on the results of 
improvement in in vitro sperm activation the results showed 
that 36 infertile patients (72%) were improved in sperm motility 
and only 14 (28%) were not improved. Furthermore, based on 
this classification NLRP3 seminal plasma level found to be 
higher among patients whom not improved in their sperm 
motility than that improved ones 6.54±2.31 versus 3.77±1.31 
respectively. In this study, the results of receiver operating 
curve showed that 4.5 (ng/ml) as a cutoff value discriminating 
those whom can improve their sperm motility or not and that 22 
(44%) of the patients were positive with equal or more than 4.5 
ng/ml and the remainder were negative 28 (56%).  
The second one is qualitative immunochromatography method, 
the current developed kit is sensitive at the level of 5 ng/ml 
(according to reference standards). Clinically, 30 (60%) were 
positive and 20 (40%) considered as negative. Furthermore, 
positive infertile subjects have lower seminal fluid parameters 
including sperm concentration, grade B and grade C motility 
(Table 4.4), furthermore, the positive NLRP3 cases haven’t 
ability to improve their sperm motility after in vitro activation 
(odd ratio=14.53). 
This study highlighted the risk of increasing NLRP3 protein in 
seminal plasma was 8.33 much more likely to get un improved 
sperm motility after in vitro activation (Table 4.6). Basically, a 
lot off researchers highlighted the impact of inflammation on 
the seminal fluid analysis parameters (reviewed by (Azenabor, 
Ekun, and Akinloye 2015)). Several parameters have been 
applied as indicators for semen inflammation reviewed by La 
Vignera, et al., 2013. They depend on enzymes(Atig et al. 2012) 
and cytokines(Havrylyuk et al. 2015) that participate in 
inflammatory process of male genetalia(La Vignera et al. 
2013).  
Group of researchers highlighted the importance of 
inflammasome protein NLRP3 as a “physiological low level of 
inflammation” for fertility(Hayrabedyan et al. 2016). It had 
been suggested that low level of NLRP3 is essential for Sertoli 
cell production of low levels of IL1B to maintain IL1 alpha 
(Fettelschoss et al. 2011) but higher rate of inflammasome 
expression will results in higher level of inflammasome 
activation cytokines such as IL-1B and IL-18(Martinon, Burns, 
and Tschopp 2002) and served as a proinflammatory signals 
generating an inflammatory process in the testis such as 

leucocyte infiltration and cell death signaling and caspase 1 
activation(Abal 2017; Inoue et al. 2012; Minutoli et al. 2015). 
Also, it might activate ASC adaptor protein in both sperm cell 
and leucocytes in semen resulting in inflammatory cell 
death(Miao, Rajan, and Aderem 2011). 
The recent studies have been focused on inflammasome 
research (NLRP3 or its related cytokines), due to its direct 
PAMPs-TLR recognition and subsequent activation of 
inflammation in monocytes, macrophages, 
granulocytes, dendritic cells, epithelial cells and 
osteoblasts(Feldmann et al. 2002). NLRP3 expression in 
myeloid cells is highly inducible(Guarda et al. 2011) and other 
epithelial and Sertoli cells(Hayrabedyan et al. 2016). So, the 
leukocyte counting is not always giving a true inflammatory 
state, because of wide range of cells have the ability to respond 
and considered as a source of inflammatory mediators. This 
gives an advantage of measurement of NLRP3 as a biomarker 
for inflammatory processes and its targeting is crucial for 
improvement in sperm cell quantity and quality in infertile 
men(Ibrahim et al. 2014). 
The developed NLRP3 ICT kit provides a direct qualitative 
detection of NLRP3 protein in seminal plasma. So, the 
detection of NLRP3 is not restricted by one cell type like: 
monocytes or other inflammatory cell and none inflammatory 
cells. Thus, it’s concentration represents the true activation of 
innate immunity in male genitalia. Here in this study, the 
diagnostic performance of rapid antigen detection could vary 
across patients, this referred to as spectrum effect (spectrum 
bias)(Mulherin and Miller 2002; Willis 2008)including amount 
of sample on swab; expert and training of sample collectors; 
and room temperature (Cohen et al. 2012). 

CONCLUSION 
The developed kit is user friendly, simple to use and interpret, 
no antigen extraction procedure is needed. The sample (seminal 
plasma) was diluted 1:1 with buffer in order to dilute the sample 
and reducing its viscosity. The reduction of viscosity will 
facilitate sample absorption and flow across membranes. 
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