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Abstract

:

A major global health concern, male infertility affects 8–12% of couples globally. Leukocytospermia is a complicated illness that is distinguished from other reasons causing male infertility by having high white blood cell counts in semen. The complex mechanisms behind leukocytospermia’s effects on sperm function and fertility are examined in this review. Leukocytospermia induces oxidative stress and reactive oxygen species (ROS) that impair DNA integrity, mitochondrial function, cytoplasmic extrusion, and sperm quality overall. Leukocytospermia is exacerbated by non-infectious factors, such as substance abuse and varicocele, even though genital tract infections are a common cause. The usefulness and dependability of diagnostic techniques range from immunochemistry to direct counting. Although there is still disagreement on the most effective course of action, clinical-care techniques, such as antioxidant supplementation and antibiotic therapy, attempt to address underlying causes and reduce ROS-induced damage. Prospectively, the combination of artificial intelligence with the latest developments in artificial reproductive technologies presents opportunities for more precise diagnosis and customized treatments.
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1. Introduction


Male Infertility


Infertility is a clinical condition defined as a patient being unsuccessful in establishing a clinical pregnancy after 12 months of regular unprotected sexual intercourse or because of a limitation in an individual’s ability to conceive, either as an individual or with his/her partner [1]. Infertility is a significant global health issue, impacting an estimated 8–12% of couples in the reproductive age range [1]. More than 186 million individuals worldwide experience infertility, with a predominant number residing in developing nations [2]. The infertility issue has also been reported to be trending upwards, with studies showing an increase of 0.396% per year for females and 0.293% per year for males between the years of 1990 and 2017 [3]. Infertility is an issue that is most affected by the advanced age of the woman at the time of conception [4], but lifestyle and environmental factors may play a role. Another issue that should not be ignored is the role that male infertility plays in reducing the fertility of a couple.



Male infertility is the sole cause of couple infertility in 20–30% of cases and plays a contributing role in 50% of cases [5]. Male infertility is characterized by a man’s incapacity to successfully impregnate a fertile female, persisting for a minimum duration of one year without protected intercourse [6]. The diagnosis of male infertility is largely based on the analysis of semen [7]. Sperm counts in Western populations have reportedly decreased on average by 1.4% per year with an overall decline of 52.4% between 1973 and 2011 [8]. The rising incidence of male infertility and reduced sperm counts can be attributed to a multitude of factors. The causes of this condition can be stratified into three groups that include: congenital, idiopathic, or acquired causes [9]. Congenital causes include inherited medical conditions that occur at or before birth and account for 15% of male infertility cases. Examples of congenital etiologies include bilateral absence of the vas deferens associated with the cystic fibrosis mutation, Kalman syndrome, and chromosomal abnormalities, such as Trisomy 21 [1,9]. The idiopathic causes of infertility in males are not discernable or cannot be attributed to female infertility, and account for 30–50% of cases [10]. Acquired causes of male infertility may include sexually transmitted problems or physical causes, with the most common cause being varicocele, which has a prevalence of 40% in male infertility patients [7,9]. Another area of interest is the role that leukocytospermia may play in decreasing sperm virility in male patients.



Leukocytospermia is a condition in which there are elevated white blood cell counts in the patient’s sperm. It is controversial whether this condition truly plays a role in decreasing the fertility of men. However, studies have shown that a correlation exists between leukocytospermia and infertility. Studies done on White European Males, between the years 2010 and 2018, showed that 25% of the patients with infertility showed signs of leukocytospermia [11]. Additionally, studies comparing the sperm of infertile men with leukocytospermia against infertile men without leukocytospermia showed that the leukocytospermia patients had significantly lower total sperm motility [12]. The purpose of this review is to review the current research associated with leukocytospermia to better assess the role that this condition may play in causing male infertility.





2. Methods


Our narrative review collected sources through a general PubMed Database, Google Scholar, and Scopus Medline search. The discovered papers were then cross-referenced with citations. All references cited in the articles that were chosen were also reviewed and analyzed. The authors decided to present the review’s findings narratively considering the volume of material that has been published on the topic as a whole and each of the active ingredients in particular. This paper does not provide a systematic or meta-analytical comparison of varied outcomes in measures, population, and methods.



The research strategy included the following keywords: “leukocytospermia”, “leukocytes”, “leukocyte role in infertility”, “reactive oxygen species”, “oxidative stress”, “genital tract infections”, “risk factors”, “diagnosis methods”, “treatment options”, “future studies” accompanied by “male infertility”, “sperm morphology”, “seminal quality”, “azoospermia”, and “inability to conceive.” Only papers in the English language were included. Randomized-control trials and non-randomized trials were included in the literature review due to the paucity of information available. Moreover, retrospective cohort studies, case-control studies, cross-sectional studies, and prospective cohort studies were also included. We excluded the use of case reports and case series.



2.1. Defining Leukocytospermia


The World Health Organization defines leukocytospermia as a white blood cell concentration of 1 × 106/mL in patients’ semen [13]. While a small number of white blood cells in a semen sample is considered normal, elevated levels may be caused by some underlying condition [13]. Within a sperm sample, granulocytes constitute the highest proportion of white blood cells (50–60%), followed by macrophages (20–30%), and, subsequently, T-lymphocytes (2–5%) [14]. In leukocytospermia, the elevated concentration of white blood cells is generally considered to be due to some form of infection or inflammation of the male genitourinary tract or sex glands [15]. While the infection of the genitourinary tract is a cause of leukocytospermia, several other conditions can lead to elevated white blood cell counts [16]. Noninfectious causes include autoimmune conditions, drugs, alcohol, the presence of varicocele, and environmental exposures [15,17].




2.2. Leukocytospermia Effect on Male Infertility


There are several proposed mechanisms for how leukocytospermia may affect fertility in men. One of the leading theories of how leukocytospermia may play a role in affecting the fertility of sperm is through the production and release of reactive oxygen species (ROS). Phagocytic leukocytes, such as neutrophils and monocytes, employ a process known as respiratory burst as an immune defense against pathogens. When neutrophils encounter a pathogen or receive signals from other immune cells, a respiratory burst is initiated with the activation of the NADPH oxidase enzyme [18]. This enzyme is responsible for reducing molecular oxygen to a superoxide anion (O2−), which is a ROS [18]. Superoxide anions can undergo spontaneous or enzymatic dismutation to form the ROS and hydrogen peroxide (H2O2), which can be processed by myeloperoxidase (MPO) to become hypochlorous acid [18]. These ROSs play a crucial role in killing pathogens that have been phagocytosed by leukocytes. However, if activated leukocyte concentrations are abnormally high, excessive ROS production can contribute to tissue damage and cause inflammation in certain pathological conditions [18]. When ROS reaches a level that overwhelms the body’s antioxidant defense mechanisms, oxidative stress occurs [19]. The release of these ROSs will target the unsaturated fatty acid-rich plasma membrane found in sperm due to the powerful initiation of lipid peroxidation [19]. Patients with higher levels of antioxidants were seen to be able to tolerate higher levels of ROS-producing WBC without suffering sperm damage, while men with lower levels of protective agents may show signs of sperm damage at leukocyte levels as low as 0.6 × 106/mL [20]. Studies done to determine the levels of WBCs associated with oxidative stress in sperm showed that any levels of seminal leukocytes were associated with oxidate damage [21]. Additionally, increasing levels of seminal leukocytes were associated with increasing levels of oxidative stress, even when levels were less than 1 × 106 WBC/mL [21]. This can be explained by the variable ROS scavenger and antioxidant ability of seminal fluid against ROS generated by seminal leukocytes, with ROS scavenger ranges seen from 10% to 100% [20]. Furthermore, a direct link was found between oxidative stress and decreased sperm concentration, motility, and morphology, reinforcing the significant role of ROS in compromising sperm functionality [21].



In leukocytospermia, peroxidase-positive leukocytes are considered the major source of ROS in semen but are not the only source of ROS [22]. A proposed mechanism is the ability of leukocytes to interact with spermatozoa, causing direct or indirect stimulation, which causes an enhanced production of ROS from spermatozoa [22]. The controlled production of free radicals in spermatocytes is essential for the normal physiological function of sperm to complete capacitation and fertilization [23,24]. The cytoplasm of spermatocytes has been seen to contain several enzymes essential in ROS production such as glucose-6-phosphate dehydrogenase and NADPH oxidase-like enzymes [25]. Sperm suspensions that had been isolated from leukocytes or where leukocytes were of an undetectable level still had measurable production levels of ROS [25,26]. The research underscores the significance of ROS production by spermatocytes, as evidenced by studies indicating that women who achieved successful pregnancy through in vitro fertilization (IVF) exhibited notably elevated ROS levels in follicular fluid compared to those who did not conceive [24]. However, high levels of ROS production in male ejaculate samples are linked to poor sperm quality, which shows the importance of producing moderate levels of ROSs for optimal fertility [26].



In leukocytospermia, leukocytes may play a role in enhancing or disrupting the physiological production of ROSs in spermatocytes [22]. Studies comparing pure sperm samples from patients with leukocytospermia and patients without saw a significantly higher level of ROS production from the sample of the patients with leukocytospermia [22]. Additionally, seminal leukocyte concentrations were significantly correlated with increased levels of ROS production by spermatozoa through spontaneous mechanisms and stimulation by phorbol 12-myristate 13-acetate (PMA), a known ROS-production stimulant in spermatozoa [22]. While how this process occurs is unclear, a proposed hypothesis of how seminal leukocytes stimulate spermatozoa is through direct sperm–leukocyte contact or mediated by signal particles released from leukocytes [22]. Another possible mechanism for elevated ROS generation in pure sperm suspensions from patients with leukocytospermia may be attributed to the increased amount of morphologically abnormal spermatozoa, as compared to non-leukocytospermic samples. Morphologically abnormal spermatozoa, particularly those that retain their cytoplasm, have demonstrated a propensity for producing elevated ROS levels [27].



Spermatozoa possess plasma membranes abundant in polyunsaturated fatty acids, while their cytoplasm contains minimal levels of ROS-scavenging enzymes, which makes them highly vulnerable to ROS-induced damage [28,29]. Additionally, the antioxidant enzymes within spermatozoa are unable to protect the plasma membrane from oxidative damage, making the acrosome and tail vulnerable to ROSs [30]. The limited ability of intracellular spermatozoa enzymes to protect against oxidative stress creates a dependence on seminal plasma for defense against ROSs [30]. In patients diagnosed with leukocytospermia, ROS has been seen to decrease the functional integrity of sperm through multiple mechanisms that include decreasing the mitochondrial activity, altering the binding between sperm and egg, disrupting cytoplasmic extrusion, and damaging spermatic DNA [31]. The decrease in sperm motility in oxidative stressed conditions is caused by damage to the mitochondria present in sperm [31]. Mitochondria located in the sperm midpiece are responsible for constantly producing ATP which is necessary for sperm motility. An overabundance of ROS will modify mitochondrial phospholipid membranes, disrupting the membrane selectivity, and inhibiting mitochondrial ATP synthesis [31]. The decrease in ATP production is due to the interruption of the oxidative phosphorylation pathway, which requires the mitochondrial membrane to exhibit selective permeability to maintain an electrolytic gradient across the inner and outer membranes. The electron leakage from the spermatic mitochondrial electron transport chain is considered to be the major source of ROS generation in defective sperm [32]. The loss of the membrane potential in mitochondria and, therefore, a decrease in sperm motility parameters have been associated with a decrease in the fertility of sperm [33].



Spermiogenesis is the final stage in spermatogenesis and is the process by which spermatogonia develops into mature spermatozoa. During the maturation phase of spermiogenesis, the spermatid elongates by shedding excess cytoplasm within the membrane [34]. An impairment in spermatogenesis results in the malfunction of cytoplasmic extrusion mechanisms, leading to the release of sperm cells from the germinal epithelium with an excess of residual cytoplasm [35]. The spermatozoans released with a surplus of cytoplasm are considered to be immature and, therefore, functionally defective [36]. Elevated levels of ROSs, as seen in cases of leukocytospermia, limit spermatozoa’s ability to remove surplus cytoplasm from the cell. This inhibition occurs through additional electron transport pathways within the cell’s membrane, as well as the presence of unfamiliar oxidases or oxidoreductases that encourage xenobiotic production [37]. Another possible mechanism by which the extrusion of cytoplasm is altered in leukocytospermia is due to damaged Sertoli cells that are essential for sperm maturation [38]. The retention of cytoplasmic droplets in sperm has been negatively correlated with sperm motility and fertility [36].



DNA damage in spermatocytes can be facilitated by the overproduction of ROSs from seminal leukocytes. When artificially produced ROSs were introduced to sperm samples, it resulted in a significant increase in multiple forms of DNA damage, which included the modification of all bases, production of base-free sites, deletions, frameshifts, DNA cross-links, and chromosomal rearrangements [39]. A 25% increase in ROS levels was associated with a 10% increase in DNA fragmentations, with a positive association found between leukocytes, ROSs, and DNA fragmentation levels [40]. ROSs damage DNA through the production of by-products that bind to DNA and cause lipid degradation through the oxidation of DNA bases such as guanine, and direct interaction with DNA, leading to non-specific single- and double-strand breaks [31,35]. DNA damage in spermatozoa is seen to be negatively correlated with successful blastocyte development after fertilization has occurred, with methods such as IVF [41]. Additionally, sperm that was found to have a higher percentage of DNA double-stranded breaks was significantly increased in men whose wives suffered recurrent pregnancy loss compared to donor sperm [42,43].




2.3. Etiologies and Causes


The etiology of patients with leukocytospermia may be divided into those with and without a genital tract infection. Examination of the semen from infertile patients with asymptomatic leukocytospermia revealed the predominance of gram-positive and gram-negative bacteria, including Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus haemolyticus, Streptococcus agalactiae, Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae [44,45,46]. Genital tract infections may affect the urethra, epididymis, testicles, or prostate [19]. Infections of the urethra are generally due to sexually transmitted organisms, most commonly due to Chlamydia trachomatis, Ureaplasma urealticum, and Neisseria gonorrhea [47]. While there is not a significant amount of literature showing the correlation between urethritis and leukocytospermia, studies have shown that past N. gonorrhea infections are correlated with elevated white blood cell counts in semen [48,49].



Similar to infectious urethritis, infectious epididymitis in sexually active men aged <35 years is most commonly due to C. trachomatis or N. gonorrhea [48]. Additionally, sexually transmitted epididymitis is usually accompanied by urethritis [48]. In men >35 years of age, the etiology of epididymitis is mainly due to non-sexually transmitted urinary tract infections caused by Gram-negative enteric organisms, such as Escherichia coli [48,49]. Infection of the epididymis is normally accompanied by a co-infection of the testicles, termed ‘epididymal-orchitis’ [48]. In a study of 400,000 specimens from patients with testicular pathologies, only 0.42% demonstrated isolated orchitis [50]. Research on retrograde infections in rats and mice, where live E. coli is administered directly into the seminiferous tubules or through the epididymis or proximal vas deferens, triggers inflammation and the infiltration of leukocytes, notably neutrophils, into the seminiferous epithelium. These infections led to long-term damage of the epithelium and also showed markedly decreased sperm production [51,52].



Infection of the prostate, infectious prostatitis, can present in several forms, including acute prostatitis, chronic prostatitis, and often as a complication of the urinary tract and sexually transmitted infection. Pathogens commonly associated with acute prostatitis include E. coli, Enterococcus, and Pseudomonas. Chronic prostatitis in sexually active men is commonly attributed to C. trachomatis or N. gonorrhea [53]. Chronic prostatitis has a strong correlation with leukocytospermia and studies have established links between the presence of chronic pancreatitis and cytokines and proinflammatory markers associated with T-cell and granulocyte proliferation [54]. In a study consisting of 102 men who met the criteria of leukocytospermia, 68% (70 patients) displayed at least one symptom of prostatitis. Treatment of the underlying prostatitis with antibiotics alone showed resolution of leukocytospermia in 40% of the patients after one month. The addition of frequent ejaculation, to assist in clearing the prostatic gland, along with antibiotics caused leukocytospermia to resolve in 68% of the patients [55]. When comparing chronic prostatitis patients with leukocytospermia to those without leukocytospermia, it was found that ROS levels were significantly higher in prostatitis patients with leukocytospermia, which emphasizes the relevance of elevated leukocytes in chronic prostatitis [56].



While infections of the genitourinary tract play a role in causing leukocytospermia, 80% of leukospermic infertile males show no microbial sign of infection in the sperm analysis [14]. A noninfectious etiology of leukocytospermia is the use of substances, such as cigarette smoking and marijuana and alcohol consumers. After controlling for a history of sexually transmitted diseases, it was seen that the consumption of these substances was associated with an increase in seminal leukocytes [17]. The elevated levels of leukocytes can be attributed to the inflammation caused by the toxic effects these substances have on the genitourinary tract.



There is a well-established association between smoking and leukocytospermia, with a positive correlation established with increasing degrees of smoking [57]. In cigarette smokers, the presence of inhaled radioactive particles has been identified in the testes, which may lead to damage and inflammation, creating an increased leukocyte response [17]. Tobacco metabolites trigger inflammatory responses and stimulate the infiltration of leukocytes into seminal plasma [58]. When examining the ejaculate from smokers and comparing them to those of non-smokers, it was seen that there was a greater percentage of leukocytospermic ejaculates and a higher level of round cells in smokers [59]. Other substances, such as Cannabinoids and chronic alcohol use, are believed to have a direct toxic effect on the germinal epithelium of the testis [17]. In infertile chronic alcoholics, testicular biopsies revealed thickening, hyalinosis, and sclerosis of the lamina propria, along with the presence of mast cells in the interstitial tissue [17,60].



Varicocele is another pathology that may be associated with leukocytospermia in male patients. A varicocele is an abnormal dilation or tortuosity of the pampiniform plexus in the scrotum, and it is reported to be present in 15% of the general male population [61]. By examining the leukocyte subpopulation in semen samples from healthy controls and varicocele patients, it was found that varicocele patients had significantly higher numbers of CD4+ helper T lymphocytes [62]. The elevated levels of CD4+ helper T lymphocytes may be due to the inflammation that is associated with varicocele. When analyzing the patients with varicocele, it was seen that they had a significantly higher mean platelet volume (MPV), a suspected marker for inflammation, when compared to control patients who did not have varicocele [63,64].



An additional acquired condition associated with leukocytospermia is spinal cord injuries. Approximately 60% to 70% of men with SCI are estimated to exhibit elevated leukocyte levels in their ejaculate, leading to adverse effects on sperm motility, viability, morphology, and an escalation in sperm DNA damage [65,66]. In retrograde ejaculates collected from men with spinal cord injuries, they were found to have increased numbers of leukocytes, often secondary to genital tract infections [67]. When comparing urinary tract infections in spinal cord injury patients, it was found that they exhibited significantly higher levels of macrophages and neutrophils compared to control patients with urinary tract infections [65,66].





3. Diagnosing Leukocytospermia


Various methods exist for diagnosing leukocytospermia in patients, each with its advantages. These methods include direct counting of round cells, immunochemistry, seminal granulocyte elastase test, and peroxide staining [19]. Directly counting round cells in a semen sample, the recommended diagnosis process by the American Urology Association (AUA), is a cost-effective procedure, but it is not reliable for diagnosing leukocytospermia due to the difficulty in distinguishing white blood cells from other cells under a microscope [68,69]. This process is completed by using a phase-contrast microscope with a green filter to examine semen samples that have been loaded onto a fixed cell chamber [70]. Round cells seen under microscopy in semen can be either leukocytes, immature germ cells, large anucleate residual cytoplasm, epithelial cells, or Trichomonas vaginalis [70]. If a concentration of ≥1.0 × 106/mL of round cells is found in a semen sample, then a test specifically for leukocytes is indicated [70].



Immunochemistry using monoclonal antibodies against the common leukocyte antigens CD45 or CD53 is highly precise and considered the gold standard for diagnosis [68,70,71]. This process can detect granulocytes, lymphocytes, and macrophages from a single semen sample [48]. However, despite the advantages it offers, its practicality in routine medical practice is hindered by the lack of standardization in staining methods and exact monoclonal antibodies to be used [68,70,71]. Additionally, the associated time and cost to complete immunochemistry analysis do not make it as practical compared to the other options [68,71]. Both the American Society for Reproductive Medicine (ASRM) and the AUA recommend immunochemistry as a confirmatory diagnostic test for leukocytospermia [69].



The seminal granulocyte elastase test is used to measure the seminal elastase-inhibitor complex (Ela/α1-PI) levels in seminal plasma [70,72]. Because elastase is a protease released from activated PMN leukocytes during phagocytosis or disintegration of granulocytes, there is a strong association between elastase and leukocytes [72,73]. The elastase test is done through an immunoassay which detects Ela/α1-PI in seminal fluid, and, if measured at a cut-off level of greater or equal to 230 µg/L, it may be a useful indicator of a genital tract infection [74]. Additionally, the occurrence of elevated seminal Ela/α1-PI levels in infertile males is significantly higher than that seen in fertile males [74]. The levels of granulocyte elastase from semen samples can provide information on the number of granulocytes present in the semen and their inflammatory activation [75]. However, granulocyte elastase enzyme immunoassays are expensive, and routine assessment of PMN elastase in semen and/or serum samples offers limited value as a standalone measure for screening subclinical infection/inflammation in males undergoing infertility investigation [75].



As an alternative, the World Health Organization (WHO) and the European Association of Urology (EAU) suggest peroxidase staining as the preferred method [68,69]. Peroxidases are enzymes that break down H2O2 and release O2, which oxidizes a benzidine derivative in the staining solution, forming a brown precipitate for visualization under light microscopy. Unlike immunohistological staining, peroxidase staining only identifies cells rich in peroxidase, such as polymorphonuclear (PMN) granulocytes and macrophages, which are the predominant types of white blood cells in semen. However, T lymphocytes are not detectable with this staining method; however, they only make up 2–5% of the leukocyte population in semen [14,71]. An additional concern with peroxide staining is the significantly poor performance when compared to immunochemistry. Studies done to determine the prevalence of leukocytospermia in 46 patients detected the condition in 19.6% of patients. However, when the screening was repeated on the same patients using immunochemistry on specific monoclonal antibodies found on leukocytes, it was seen that the prevalence had increased to 41.3% [71].




4. Clinical Management of Leukocytospermia


Debate about whether leukocytospermia is a condition that needs to be treated continues, and if so, what would be the most appropriate treatment for this condition. Organizations such as the AUA, ASRM, and Canadian Urological Association (CUA) have no recommended guidelines for treating leukocytospermia in infertile male patients [76]. Treatment attempts for leukocytospermia focus on addressing the underlying cause of the elevated leukocyte counts or preventing damage that may occur due to the release of ROSs from leukocytes. The EAU guideline recommends the use of antibiotics to treat underlying infections to improve the overall quality of the sperm [69]. However, the use of antibiotics has shown no evidence of reducing the associated inflammatory reaction, and it is still controversial if they play any beneficial role in improving the likelihood of conception [69,77]. Some studies have shown an increase in pregnancy rates with antibiotics-focused therapies [78]. In recent reviews, it was noted that the use of antibiotics showed significant improvement in sperm parameters, resolution of leukocytospermia, and a decrease in the number of seminal bacteria when compared to the untreated groups [77]. However, studies determining the benefit of antimicrobials in pregnancy rates only showed a significant improvement in one out of four trials [79]. Additionally, animal studies studying the effects of antibiotics found that they can arrest spermatogenesis and disrupt sperm parameters, emphasizing caution in the dosing and duration of these drugs [80,81].



Other medications that have been used to treat leukocytospermia include antioxidants, antihistamines, corticosteroids, and non-steroidal anti-inflammatories (NSAIDs). Antioxidant therapy includes vitamin E, coenzyme Q10, and N-acetyl-L-cysteine. Studies using these substances have shown significantly reduced ROSs in leukocytospermia samples and possible improvement in the function of impaired spermatocytes [82,83,84]. Additional research into the use of the known antioxidant, Quercetin, has shown the further potential benefits that antioxidant therapy may have for leukocytospermia patients [85]. Quercetin is a dietary-derived bioflavonoid. When used in the treatment of infertility patients, it was seen to act as a scavenger for ROSs, and spermatozoa exhibited lower levels of H2O2 [85,86]. The use of low concentrations of Quercetin in leukocytospermia patients was shown to have protective effects on sperm from oxidative damage, specifically seen to be protective of sperm mitochondrial DNA and, therefore, sperm motility [85].



After 4 weeks of using the medication ketotifen, an antihistamine, studies found that it was able to moderately improve sperm motility, the percentage of morphologically normal sperm, and a significant reduction in leukocytes. However, the mechanism of how ketotifen had this effect is still unclear [87]. The use of corticosteroids, such as prednisone, for one month at varying doses showed no significant reduction in leukocyte counts. However, it was seen to improve sperm counts and the percentage of forward motility in sperm, but only in oligozoospermia patients [88]. Rofecoxib and valdecoxib are two NSAIDs that are selective Cox-2 inhibitors that have been used as therapeutic agents in leukocytospermia patients. The results of studies showed that Rofecoxib treatment improved sperm motility and morphology, while valdecoxib was only beneficial in improving sperm counts [69]. While there are studies that indicate a possible therapeutic benefit of these substances on male infertility, there has not been enough comprehensive research done to identify a truly effective treatment option in leukocytospermia [69,77]. A summary of clinical interventions in leukocytospermia is outlined in Table 1.




5. Future Directions


With the growing number of leukocytospermia patients and the increasing number of male infertility patients, there is a growing concern about finding a truly curative option for leukocytospermia. The advent of artificial intelligence and artificial reproductive technologies (ARTs) presents an opportunity. Over the last 25 years, computer-assisted semen analysis (CASA) has emerged as a viable alternative to traditional semen analysis, offering more dependable and objective outcomes [90,91]. While CASA is able to analyze round cells, it cannot provide accurate information on the white blood counts in sperm samples; it is currently limited to analyzing the parameters of sperm, such as motility, concentration, and morphology [92]. A software designed to analyze sperm through dark-field microscopy, Software such as SpermQ (v0.1.7) can be used as a better diagnostic tool for researchers evaluating leukocytospermia [92]. Additionally, men with medical issues that could affect their future fertility are frequently advised to have their sperm cryopreserved. This offers a potential avenue for combating leukocytospermia from progressing and provides patients with an alternative solution. Future studies are needed on the impact of cryopreservation on fertility rates in patients with leukocytospermia [76].




6. Conclusions


In conclusion, the issue of male infertility, which impacts 8–12% of couples globally, highlights the need to comprehend diseases like leukocytospermia. This study clarifies the complex pathways by which male fertility is impacted by leukocytospermia, a condition marked by high white blood cell counts in semen. Leukocytospermia adversely impacts sperm function, mitochondrial activity, cytoplasmic extrusion, DNA integrity, and, ultimately, reproductive potential through the formation of reactive oxygen species (ROS) and consequent oxidative stress. Leukocytospermia has noninfectious causes as well, such as substance abuse and varicocele, even though genital tract infections are a significant etiology. Identification can be achieved by a variety of diagnostic techniques, from immunochemistry to direct counting; however, their applicability and dependability vary. Clinical-care methods, including antioxidant supplementation and antibiotic therapy, attempt to address underlying causes and the reduce damage caused by ROS, although agreement on the best ways to treat the condition is still elusive. Future developments in artificial reproductive technologies and artificial intelligence present exciting opportunities for more precise diagnostics and customized treatments.







Author Contributions


Conceptualization, U.H., N.V., M.A. and O.R.; Methodology U.H., N.V., M.A. and O.R.; Validation, N.V., M.A. and O.R.; Writing—Original Draft Preparation, U.H., N.V., M.A. and O.R.; Writing—Review and Editing, U.H., N.V., M.A. and O.R.; Supervision, O.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


No new data were created or analyzed in this study. Data sharing is not applicable to this article.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



De Kretser, D. Male infertility. Lancet 1997, 349, 787–790. Available online: https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(96)08341-9/fulltext (accessed on 20 January 2024). [CrossRef]

	



Vander Borght, M.; Wyns, C. Fertility and infertility: Definition and epidemiology. Clin. Biochem. 2018, 62, 2–10. [Google Scholar] [CrossRef]

	



Sun, H.; Gong, T.T.; Jiang, Y.T.; Zhang, S.; Zhao, Y.H.; Wu, Q.J. Global, regional, and national prevalence and disability-adjusted life-years for infertility in 195 countries and territories, 1990–2017: Results from a global burden of disease study, 2017. Aging 2019, 11, 10952–10991. [Google Scholar] [CrossRef]

	



Hart, R.J. Physiological Aspects of Female Fertility: Role of the Environment, Modern Lifestyle, and Genetics. Physiol. Rev. 2016, 96, 873–909. [Google Scholar] [CrossRef] [PubMed]

	



Sharlip, I.D.; Jarow, J.P.; Belker, A.M.; Lipshultz, L.I.; Sigman, M.; Thomas, A.J.; Schlegel, P.N.; Howards, S.S.; Nehra, A.; Damewood, M.D.; et al. Best practice policies for male infertility. Fertil. Steril. 2002, 77, 873–882. [Google Scholar] [CrossRef]

	



Leslie, S.; Soon-Sutton, T.; Khan, M.A. Male Infertility; StatPearls: St. Petersburg, FL, USA, 2023. Available online: https://www.statpearls.com/point-of-care/23503 (accessed on 20 January 2024).

	



Babakhanzadeh, E.; Nazari, M.; Ghasemifar, S.; Khodadadian, A. Some of the Factors Involved in Male Infertility: A Prospective Review. Int. J. Gen. Med. 2020, 13, 29–41. [Google Scholar] [CrossRef]

	



Report on varicocele and infertility: A committee opinion. Fertil. Steril. 2014, 102, 1556–1560. [CrossRef] [PubMed]

	



Krausz, C. Male infertility: Pathogenesis and clinical diagnosis. Best Pract. Res. Clin. Endocrinol. Metab. 2011, 25, 271–285. [Google Scholar] [CrossRef] [PubMed]

	



Chehab, M.; Madala, A.; Trussell, J.C. On-label and off-label drugs used in the treatment of male infertility. Fertil. Steril. 2015, 103, 595–604. [Google Scholar] [CrossRef]

	



Ventimiglia, E.; Capogrosso, P.; Boeri, L.; Cazzaniga, W.; Matloob, R.; Pozzi, E.; Chierigo, F.; Abbate, C.; Viganò, P.; Montorsi, F.; et al. Leukocytospermia is not an informative predictor of positive semen culture in infertile men: Results from a validation study of available guidelines. Hum. Reprod. Open 2020, 2020, hoaa039. [Google Scholar] [CrossRef]

	



Moubasher, A.; Sayed, H.; Mosaad, E.; Mahmoud, A.; Farag, F.; Taha, E.A. Impact of leukocytospermia on sperm dynamic motility parameters, DNA and chromosomal integrity. Cent. Eur. J. Urol. 2018, 71, 470–475. [Google Scholar] [CrossRef]

	



WHO Laboratory Manual for the Examination and Processing of Human Semen. Available online: https://fctc.who.int/publications/i/item/9789241547789 (accessed on 25 January 2024).

	



Gambera, L.; Serafini, F.; Morgante, G.; Focarelli, R.; De Leo, V.; Piomboni, P. Sperm quality and pregnancy rate after COX-2 inhibitor therapy of infertile males with abacterial leukocytospermia. Hum. Reprod. 2007, 22, 1047–1051. [Google Scholar] [CrossRef] [PubMed]

	



Barratt, C.L.R.; Bolton, A.E.; Cooke, I.D. Functional significance of white blood cells in the male and female reproductive tract. Hum. Reprod. 1990, 5, 639–648. [Google Scholar] [CrossRef] [PubMed]

	



Domes, T.; Lo, K.C.; Grober, E.D.; Mullen, J.B.M.; Mazzulli, T.; Jarvi, K. The incidence and effect of bacteriospermia and elevated seminal leukocytes on semen parameters. Fertil. Steril. 2012, 97, 1050–1055. [Google Scholar] [CrossRef] [PubMed]

	



Close, C.E.; Roberts, P.L.; Berger, R.E. Cigarettes, Alcohol and Marijuana are Related to Pyospermia in Infertile Men. J. Urol. 1990, 144, 900–903. [Google Scholar] [CrossRef] [PubMed]

	



Robinson, J.M. Phagocytic leukocytes and reactive oxygen species. Histochem. Cell Biol. 2009, 131, 465–469. [Google Scholar] [CrossRef] [PubMed]

	



Sandoval, J.S.; Raburn, D.; Muasher, S. Leukocytospermia: Overview of diagnosis, implications, and management of a controversial finding. Middle East Fertil. Soc. J. 2013, 18, 129–134. [Google Scholar] [CrossRef]

	



Kovalski, N.N.; de Lamirande, E.; Gagnon, C. Reactive oxygen species generated by human neutrophils inhibit sperm motility: Protective effect of seminal plasma and scavengers. Fertil. Steril. 1992, 58, 809–816. [Google Scholar] [CrossRef] [PubMed]

	



Sharma, R.K.; Pasqualotto, F.F.; Nelson, D.R.; Thomas, A.J., Jr.; Agarwal, A. Relationship Between Seminal White Blood Cell Counts and Oxidative Stress in Men Treated at an Infertility Clinic. J. Androl. 2001, 22, 575–583. [Google Scholar] [CrossRef]

	



Saleh, R.A.; Agarwal, A.; Kandirali, E.; Sharma, R.K.; Thomas, A.J.; Nada, E.A.; Evenson, D.P.; Alvarez, J.G. Leukocytospermia is associated with increased reactive oxygen species production by human spermatozoa. Fertil. Steril. 2002, 78, 1215–1224. [Google Scholar] [CrossRef]

	



De Jonge, C. Biological basis for human capacitation. Hum. Reprod. Update 2005, 11, 205–214. [Google Scholar] [CrossRef] [PubMed]

	



Attaran, M.; Pasqualotto, E.; Falcone, T.; Goldberg, J.M.; Miller, K.F.; Agarwal, A.; Sharma, R.K. The effect of follicular fluid reactive oxygen species on the outcome of in vitro fertilization. Int. J. Fertil. Womens Med. 2000, 45, 314–320. [Google Scholar] [PubMed]

	



Aitken, J.; Buckingham, D.; Krausz, C. Relationships between biochemical markers for residual sperm cytoplasm, reactive oxygen species generation, and the presence of leukocytes and precursor germ cells in human sperm suspensions. Mol. Reprod. Dev. 1994, 39, 268–279. [Google Scholar] [CrossRef] [PubMed]

	



Aitken, R.J.; West, K.M. Analysis of the relationship between reactive oxygen species production and leucocyte infiltration in fractions of human semen separated on Percoll gradients. Int. J. Androl. 1990, 13, 433–451. [Google Scholar] [CrossRef] [PubMed]

	



Huszar, G.; Sbracia, M.; Vigue, L.; Miller, D.J.; Shur, B.D. Sperm Plasma Membrane Remodeling during Spermiogenetic Maturation in Men: Relationship among Plasma Membrane β 1,4-Galactosyltransferase, Cytoplasmic Creatine Phosphokinase, and Creatine Phosphokinase Isoform Ratios1. Biol. Reprod. 1997, 56, 1020–1024. [Google Scholar] [CrossRef]

	



Alvarez, J.G.; Storey, B.T. Differential incorporation of fatty acids into and peroxidative loss of fatty acids from phospholipids of human spermatozoa. Mol. Reprod. Dev. 1995, 42, 334–346. [Google Scholar] [CrossRef]

	



Storey, B.T.; Alvarez, J.G.; Thompson, K.A. Human sperm glutathione reductase activity in situ reveals limitation in the glutathione antioxidant defense system due to supply of NADPH. Mol. Reprod. Dev. 1998, 49, 400–407. [Google Scholar] [CrossRef]

	



Iwasaki, A.; Gagnon, C. Formation of reactive oxygen species in spermatozoa of infertile patients. Fertil. Steril. 1992, 57, 409–416. [Google Scholar] [CrossRef]

	



Fariello, R.M.; Del Giudice, P.T.; Spaine, D.M.; Fraietta, R.; Bertolla, R.P.; Cedenho, A.P. Effect of leukocytospermia and processing by discontinuous density gradient on sperm nuclear DNA fragmentation and mitochondrial activity. J. Assist. Reprod. Genet. 2009, 26, 151–157. [Google Scholar] [CrossRef]

	



Koppers, A.J.; De Iuliis, G.N.; Finnie, J.M.; McLaughlin, E.A.; Aitken, R.J. Significance of Mitochondrial Reactive Oxygen Species in the Generation of Oxidative Stress in Spermatozoa. J. Clin. Endocrinol. Metab. 2008, 93, 3199–3207. [Google Scholar] [CrossRef]

	



Kasai, T.; Ogawa, K.; Mizuno, K.; Nagai, S.; Uchida, Y.; Ohta, S.; Fujie, M.; Suzuki, K.; Hirata, S.; Hoshi, K. Relationship between sperm mitochondrial membrane potential, sperm motility, and fertility potential. Asian J. Androl. 2002, 4, 97–103. [Google Scholar]

	



O’Donnell, L. Mechanisms of spermiogenesis and spermiation and how they are disturbed. Spermatogenesis 2014, 4, e979623. [Google Scholar] [CrossRef] [PubMed]

	



Agarwal, A.; Saleh, R.A.; Bedaiwy, M.A. Role of reactive oxygen species in the pathophysiology of human reproduction. Fertil. Steril. 2003, 79, 829–843. [Google Scholar] [CrossRef]

	



Mak, V.; Jarvi, K.; Buckspan, M.; Freeman, M.; Hechter, S.; Zini, A. Smoking is associated with the retention of cytoplasm by human spermatozoa. Urology 2000, 56, 463–466. [Google Scholar] [CrossRef]

	



Baker, M.A.; Aitken, R.J. Reactive oxygen species in spermatozoa: Methods for monitoring and significance for the origins of genetic disease and infertility. Reprod. Biol. Endocrinol. 2005, 3, 67. [Google Scholar] [CrossRef]

	



Aziz, N.; Agarwal, A.; Lewis-Jones, I.; Sharma, R.K.; Thomas, A.J. Novel associations between specific sperm morphological defects and leukocytospermia. Fertil. Steril. 2004, 82, 621–627. [Google Scholar] [CrossRef] [PubMed]

	



Kemal Duru, N.; Morshedi, M.; Oehninger, S. Effects of hydrogen peroxide on DNA and plasma membrane integrity of human spermatozoa. Fertil. Steril. 2000, 74, 1200–1207. [Google Scholar] [CrossRef] [PubMed]

	



Mahfouz, R.; Sharma, R.; Thiyagarajan, A.; Kale, V.; Gupta, S.; Sabanegh, E.; Agarwal, A. Semen characteristics and sperm DNA fragmentation in infertile men with low and high levels of seminal reactive oxygen species. Fertil. Steril. 2010, 94, 2141–2146. [Google Scholar] [CrossRef]

	



Spano, M.; Seli, E.; Bizzaro, D.; Manicardi, G.C.; Sakkas, D. The significance of sperm nuclear DNA strand breaks on reproductive outcome. Curr. Opin. Obstet. Gynecol. 2005, 17, 255. [Google Scholar] [CrossRef]

	



Seli, E.; Sakkas, D. Spermatozoal Nuclear Determinants of Reproductive Outcome: Implications for ART. Hum. Reprod. Update 2005, 11, 337–349. [Google Scholar] [CrossRef]

	



Carrell, D.T.; Liu, L.; Peterson, C.M.; Jones, K.P.; Hatasaka, H.H.; Erickson, L.; Campbell, B. Sperm DNA Fragmentation Is Increased in Couples with Unexplained Recurrent Pregnancy Loss. Arch. Androl. 2003, 49, 49–55. [Google Scholar] [CrossRef]

	



Parida, R. Human MOSPD2: A bacterial Lmb mimicked auto-antigen is involved in immune infertility. J. Transl. Autoimmun. 2019, 1, 100002. [Google Scholar] [CrossRef]

	



Dimitrova-Dikanarova, D.K.; Lazarov, V.V.; Tafradjiiska-Hadjiolova, R.; Dimova, I.I.; Petkova, N.U.; Krastev, Z.A. Association between Helicobacter pylori infection and the presence of anti-sperm antibodies. Biotechnol. Biotechnol. Equip. 2017, 31, 1–8. [Google Scholar] [CrossRef]

	



Kalaydjiev, S.; Dimitrova, D.; Mitov, I.; Dikov, I.; Nakov, L. Serum sperm antibodies after diarrhoeal diseases. Andrologia 2007, 39, 101–108. [Google Scholar] [CrossRef] [PubMed]

	



Schiefer, H.G.; von Graevenitz, A. Clinical Microbiology. In Andrology for the Clinician; Schill, W.B., Comhaire, F., Hargreave, T.B., Eds.; Springer: Berlin/Heidelberg, Germany, 2006; pp. 401–407. [Google Scholar] [CrossRef]

	



Weidner, W.; Krause, W.; Ludwig, M. Relevance of Male Accessory Gland Infection for Subsequent Fertility with Special Focus on Prostatitis. Human Reprod. Update 1999, 5, 421–432. [Google Scholar] [CrossRef] [PubMed]

	



Trum, J.W.; Mol, B.W.J.; Pannekoek, Y.; Spanjaard, L.; Wertheim, P.; Bleker, O.P.; van der Veen, F. Value of detecting leukocytospermia in the diagnosis of genital tract infection in subfertile men. Fertil. Steril. 1998, 70, 315–319. [Google Scholar] [CrossRef]

	



Nistal Martín de Serrano, M.; Paniagua Gómez-Alvarez, R. Testicular and Epididymal Pathology; Thieme-Stratton: New York, NY, USA, 1984. [Google Scholar]

	



Hedger, M.P. Immunophysiology and Pathology of Inflammation in the Testis and Epididymis. J. Androl. 2011, 32, 625–640. [Google Scholar] [CrossRef]

	



Demir, A.; Türker, P.; Önol, F.F.; Sirvanci, S.; Findik, A.; Tarcan, T. Effect of experimentally induced Escherichia coli epididymo-orchitis and ciprofloxacin treatment on rat spermatogenesis. Int. J. Urol. 2007, 14, 268–272. [Google Scholar] [CrossRef]

	



Alshahrani, S.; McGill, J.; Agarwal, A. Prostatitis and male infertility. J. Reprod. Immunol. 2013, 100, 30–36. [Google Scholar] [CrossRef]

	



Potts, J.M.; Pasqualotto, F.F. Seminal oxidative stress in patients with chronic prostatitis. Andrologia 2003, 35, 304–308. [Google Scholar] [CrossRef]

	



Branigan, E.F.; Muller, C.H. Efficacy of treatment and recurrence rate of leukocytospermia in infertile men with prostatitis. Fertil. Steril. 1994, 62, 580–584. [Google Scholar] [CrossRef] [PubMed]

	



Pasqualotto, F.F.; Sharma, R.K.; Potts, J.M.; Nelson, D.R.; Thomas, A.J.; Agarwal, A. Seminal oxidative stress in patients with chronic prostatitis. Urology 2000, 55, 881–885. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Z.H.; Zhu, H.B.; Li, L.L.; Yu, Y.; Zhang, H.G.; Liu, R.Z. Decline of semen quality and increase of leukocytes with cigarette smoking in infertile men. Iran. J. Reprod. Med. 2013, 11, 589–596. [Google Scholar] [PubMed]

	



Agarwal, A.; Rana, M.; Qiu, E.; AlBunni, H.; Bui, A.D.; Henkel, R. Role of oxidative stress, infection and inflammation in male infertility. Andrologia 2018, 50, e13126. [Google Scholar] [CrossRef] [PubMed]

	



Trummer, H.; Habermann, H.; Haas, J.; Pummer, K. The impact of cigarette smoking on human semen parameters and hormones. Hum. Reprod. 2002, 17, 1554–1559. [Google Scholar] [CrossRef] [PubMed]

	



Haider, S.G.; Hofmann, N.; Passia, D. Morphological and Enzyme Histochemical Observations on Alcohol induced Disturbances in Testis of two Patients. Andrologia 1985, 17, 532–540. [Google Scholar] [CrossRef] [PubMed]

	



Clarke, B.G. Incidence of varicocele in normal men and among men of different ages. JAMA 1966, 198, 1121–1122. [Google Scholar] [CrossRef]

	



Mongioì, L.M.; Alamo, A.; Calogero, A.E.; Compagnone, M.; Giacone, F.; Cannarella, R.; La Vignera, S.; Condorelli, R.A. Evaluation of seminal fluid leukocyte subpopulations in patients with varicocele. Int. J. Immunopathol. Pharmacol. 2020, 34, 2058738420925719. [Google Scholar] [CrossRef]

	



Hassanin, A.M.; Ahmed, H.H.; Kaddah, A.N. A global view of the pathophysiology of varicocele. Andrology 2018, 6, 654–661. [Google Scholar] [CrossRef]

	



Demirer, Z.; Karademir, I.; Uslu, A.; Güragac, A.; Aksu, Y. The relationship between inflammation and mean platelet volume in varicocele pathophysiology. Rev. Int. Andrología 2017, 16, 137–142. [Google Scholar] [CrossRef]

	



Trabulsi, E.J.; Shupp-Byrne, D.; Sedor, J.; Hirsch, I.H. Leukocyte subtypes in electroejaculates of spinal cord injured men. Arch. Phys. Med. Rehabil. 2002, 83, 31–34. [Google Scholar] [CrossRef] [PubMed]

	



Vargas-Baquero, E.; Johnston, S.; Sánchez-Ramos, A.; Arévalo-Martín, A.; Wilson, R.; Gosálvez, J. The incidence and etiology of sperm DNA fragmentation in the ejaculates of males with spinal cord injuries. Spinal Cord 2020, 58, 803–810. [Google Scholar] [CrossRef] [PubMed]

	



Aird, I.A.; Vince, G.S.; Bates, M.D.; Johnson, P.M.; Lewis-Jones, I.D. Leukocytes in semen from men with spinal cord injuries. Fertil. Steril. 1999, 72, 97–103. [Google Scholar] [CrossRef] [PubMed]

	



Ricci, G.; Presani, G.; Guaschino, S.; Simeone, R.; Perticarari, S. Leukocyte detection in human semen using flow cytometry. Hum. Reprod. 2000, 15, 1329–1337. [Google Scholar] [CrossRef] [PubMed]

	



Brunner, R.J.; Demeter, J.H.; Sindhwani, P. Review of Guidelines for the Evaluation and Treatment of Leukocytospermia in Male Infertility. World J. Men’s Health 2018, 37, 128–137. [Google Scholar] [CrossRef] [PubMed]

	



Sharma, R.; Gupta, S.; Agarwal, A.; Henkel, R.; Finelli, R.; Parekh, N.; Saleh, R.; Arafa, M.; Ko, E.; Zini, A.; et al. Relevance of Leukocytospermia and Semen Culture and Its True Place in Diagnosing and Treating Male Infertility. World J. Men’s Health 2022, 40, 191–207. [Google Scholar] [CrossRef] [PubMed]

	



Villegas, J.; Schulz, M.; Vallejos, V.; Henkel, R.; Miska, W.; Sánchez, R. Indirect immunofluorescence using monoclonal antibodies for the detection of leukocytospermia: Comparison with peroxidase staining. Andrologia 2002, 34, 69–73. [Google Scholar] [CrossRef] [PubMed]

	



Jochum, M.; Pabst, W.; Schill, W.-B. Granulocyte Elastase as a Sensitive Diagnostic Parameter of Silent Male Genital Tract Inflammation. Andrologia 1986, 18, 413–419. [Google Scholar] [CrossRef] [PubMed]

	



Kopa, Z.; Wenzel, J.; Papp, G.K.; Haidl, G. Role of granulocyte elastase and interleukin-6 in the diagnosis of male genital tract inflammation. Andrologia 2005, 37, 188–194. [Google Scholar] [CrossRef]

	



Zorn, B.; Sešek-Briški, A.; Osredkar, J.; Meden-Vrtovec, H. Semen Polymorphonuclear Neutrophil Leukocyte Elastase as a Diagnostic and Prognostic Marker of Genital Tract Inflammation—A Review. Clin. Chem. Lab. Med. 2003, 41, 2–12. [Google Scholar] [CrossRef]

	



Wolff, H. Methods for the Detection of Male Genital Tract Inflammation. Andrologia 1998, 30, 35–39. [Google Scholar] [CrossRef] [PubMed]

	



Khodamoradi, K.; Kuchakulla, M.; Narasimman, M.; Khosravizadeh, Z.; Ali, A.; Brackett, N.; Ibrahim, E.; Ramasamy, R. Laboratory and clinical management of leukocytospermia and hematospermia: A review. Ther. Adv. Reprod. Health 2020, 14, 2633494120922511. [Google Scholar] [CrossRef] [PubMed]

	



Jung, J.H.; Kim, M.H.; Kim, J.; Baik, S.K.; Koh, S.-B.; Park, H.J.; Seo, J.T. Treatment of Leukocytospermia in Male Infertility: A Systematic Review. World J. Men’s Health 2016, 34, 165–172. [Google Scholar] [CrossRef] [PubMed]

	



Hamada, A.; Agarwal, A.; Sharma, R.; French, D.B.; Ragheb, A.; Sabanegh, E.S. Empirical treatment of low-level leukocytospermia with doxycycline in male infertility patients. Urology 2011, 78, 1320–1325. [Google Scholar] [CrossRef] [PubMed]

	



Vicari, E. Effectiveness and limits of antimicrobial treatment on seminal leukocyte concentration and related reactive oxygen species production in patients with male accessory gland infection. Hum. Reprod. 2000, 15, 2536–2544. [Google Scholar] [CrossRef] [PubMed]

	



Schlegel, P.N.; Chang, T.S.; Marshall, F.F. Antibiotics: Potential hazards to male fertility. Fertil. Steril. 1991, 55, 235–242. [Google Scholar] [CrossRef] [PubMed]

	



Krisp, A.; Hörster, S.; Skrzypek, J.; Krause, W. Treatment with levofloxacin does not resolve asymptomatic leucocytospermia—A randomized controlled study. Andrologia 2003, 35, 244–247. [Google Scholar] [CrossRef] [PubMed]

	



Oeda, T.; Henkel, R.; Ohmori, H.; Schill, W.-B. Scavenging effect of N-acetyl-L-cysteine against reactive oxygen species in human semen: A possible therapeutic modality for male factor infertility? Andrologia 1997, 29, 125–131. [Google Scholar] [CrossRef]

	



Aitken, R.J.; Clarkson, J.S. Significance of Reactive Oxygen Species and Antioxidants in Defining the Efficacy of Sperm Preparation Techniques. J. Androl. 1988, 9, 367–376. [Google Scholar] [CrossRef]

	



Lewin, A.; Lavon, H. The effect of coenzyme Q10 on sperm motility and function. Mol. Asp. Med. 1997, 18, 213–219. [Google Scholar] [CrossRef]

	



Diao, R.; Gan, H.; Tian, F.; Cai, X.; Zhen, W.; Song, X.; Duan, Y.-G. In vitro antioxidation effect of Quercetin on sperm function from the infertile patients with leukocytospermia. Am. J. Reprod. Immunol. 2019, 82, e13155. [Google Scholar] [CrossRef] [PubMed]

	



Johinke, D.; de Graaf, S.P.; Bathgate, R. Quercetin reduces the in vitro production of H2O2 during chilled storage of rabbit spermatozoa. Anim. Reprod. Sci. 2014, 151, 208–219. [Google Scholar] [CrossRef] [PubMed]

	



Oliva, A.; Multigner, L. Ketotifen improves sperm motility and sperm morphology in male patients with leukocytospermia and unexplained infertility. Fertil. Steril. 2006, 85, 240–243. [Google Scholar] [CrossRef] [PubMed]

	



Milardi, D.; Luca, G.; Grande, G.; Ghezzi, M.; Caretta, N.; Brusco, G.; De Filpo, G.; Marana, R.; Pontecorvi, A.; Calafiore, R.; et al. Prednisone treatment in infertile patients with oligozoospermia and accessory gland inflammatory alterations. Andrology 2017, 5, 268–273. [Google Scholar] [CrossRef] [PubMed]

	



Lackner, J.E.; Herwig, R.; Schmidbauer, J.; Schatzl, G.; Kratzik, C.; Marberger, M. Correlation of leukocytospermia with clinical infection and the positive effect of antiinflammatory treatment on semen quality. Fertil. Steril. 2006, 86, 601–605. [Google Scholar] [CrossRef]

	



Tomlinson, M.J.; Naeem, A. CASA in the medical laboratory: CASA in diagnostic andrology and assisted conception. Reprod. Fertil. Dev. 2018, 30, 850–859. [Google Scholar] [CrossRef] [PubMed]

	



Amann, R.P.; Waberski, D. Computer-assisted sperm analysis (CASA): Capabilities and potential developments. Theriogenology 2014, 81, 5–17. [Google Scholar] [CrossRef]

	



Finelli, R.; Leisegang, K.; Tumallapalli, S.; Henkel, R.; Agarwal, A. The validity and reliability of computer-aided semen analyzers in performing semen analysis: A systematic review. Transl. Androl. Urol. 2021, 10, 3069–3079. [Google Scholar] [CrossRef]








 





Table 1. Summary of studies that clinically evaluate leukocytospermia.
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