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Introduction

Ureaplasma urealyticum (U. urealyticum) infection is primarily associated with damage to male fertility through its effects on male sperm parameters. However, its effects on sperm semiological variables remain unclear. Therefore, this study aimed to investigate whether U. urealyticum infection was associated with semen quality and sperm morphology.





Methods

From 2019 to 2021, this cross-sectional study analyzed infective pathogens and semen variables in 1064 males (22–30 years old) recruited from our reproductive center and the general public. Routine semen parameters and normal sperm morphology rate were analyzed using methods outlined by the World Health Organization. The associations between semen quality, sperm morphology, and U. urealyticum infection were studied using general linear models.





Results

The participants were categorized into three groups: (i) U. urealyticum infection (n=328), (ii) non-U. urealyticum infection (including males with urogenital tract infection symptoms but no U. urealyticum detected in their semen samples, n=377), and (iii) normal volunteers (males without symptoms of urogenital tract infection and no pathogens detected in semen samples, n=359). U. urealyticum in semen samples was observed to be associated with lower sperm concentrations (p<0.001) and a lower ratio of anterograde motile spermatozoa (p<0.001). Semen cultures positive for U. urealyticum were associated with lower normal sperm morphology (p<0.001) compared to semen cultures negative for U. urealyticum.





Conclusion

This study shows the importance of proper investigations for U. urealyticum during routine clinical examinations and diagnoses of males with infertility.
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1 Introduction

Recently, increasing attention has been paid to male reproductive health. Many studies have analyzed factors influencing sperm quality, such as obesity, lifestyle, working conditions, diet culture, congenital and heredity factors, and urogenital infections (1). Ureaplasma urealyticum (U. urealyticum) is considered a common pathogen of urogenital system-related infections that affect sperm and semen quality. Inflammatory reactions and factors caused by U. urealyticum infection likely affect the surrounding environment and normal sperm function. Moreover, U. urealyticum infection is considered a common infection that contributes to changes in the internal structure of sperm cells. Studies have reported that current clinical mycoplasma infections in the urogenital system of infertile males are mainly caused by U. urealyticum (2). The association between U. urealyticum infection and male infertility has been extensively studied; however, controversies persist regarding whether U. urealyticum infection could lead to male infertility. Similarly, the association between U. urealyticum infection in the reproductive tract and semen parameters is controversial (3).

Males of childbearing age are likely to suffer from U. urealyticum infection due to their active sexual life. Usually, urogenital symptoms of U. urealyticum infection are similar to those of bacterial infections in the urinary tract. In addition to being related to a decline in some sperm parameters (4), U. urealyticum is often considered the main cause of male sperm cell distortion (5). It can integrate with the head of sperm cells and cause reduced sperm motility and individual gene mutation by working as a strong distortion agent (6). Another form of sperm distortion caused by U. urealyticum infection is sperm cell deformity (7). This deformity likely develops distortions such as a decrease in the sperm’s overall antioxidant capacity and flaws emerging in DNA repair (8). Therefore, a positive correlation between U. urealyticum infection and semen parameters suggests that U. urealyticum infection is a possible index of male infertility (9).

U. urealyticum is the main causative organism of male genital tract infections. However, other pathogens such as bacteria, Chlamydia trachomatis (CT), Neisseria gonorrhea (NG), molds, and trichinosis might also cause genital tract infections (10) at relatively low incidence rates. Hence, a previous study fully summarized the effect of U. urealyticum infection on semen by collecting and analyzing U. urealyticum and semen parameters in male patients with infertility (11) compared with data from normal patients.

Previous studies have reported that U. urealyticum infection is associated with normal sperm morphology rate (12), while others have not observed any relationship between the two (11). In addition, the outcome seems discordant with the genre of U. urealyticum infection for which such an association was discovered (13). Moreover, evidence shows that U. urealyticum infection likely results in DNA chain fractures of human semen cells. However, no association was detected between U. urealyticum infection and the sperm fragmentation index (DFI) evaluated by sperm chromatin structure assay (SCSA) (13).

Therefore, due to the controversies in current research, we aimed to study the incidence and impact of male genital U. urealyticum infection in homogeneous males with infertility.




2 Materials and methods



2.1 Study design and participants

Data for this study were collected from a randomized controlled trial that investigated the association of U. urealyticum, compared with semen parameters, as a pathogen in urogenital tract infection.

This study adopted the definition of male infertility by the World Health Organization (WHO, 5th edition), which is the inability of a male to fertilize his partner after >12 months of cohabitation with normal sexual intercourse and no contraceptive measures (10). Based on this definition, this study included 705 males aged 20–30 years with infertility who visited the reproductive center of Anhui Province Maternal and Child Health Hospital (Hefei, China) from January 2019 to May 2021. The study also included 359 young males aged 22–30 years from the general public who were permanent residents in Hefei, China. Males from the general public were recruited by (i) routine physical examinations before pregnancy (n=213) and (ii) publicity on campus (n=146). All 1064 recruited males signed the informed consent form, completed questionnaires about whether they had urogenital infection symptoms, collected and sent semen samples the same morning, and were paid 500 RMB as a reward for participation. The recruited males (i) had been residents in Hefei City for >5 years and were of Han ethnicity; males conforming to these criteria were asked to participate in the program. Data collection and investigation on U. urealyticum infection and male fertility were approved by the ethics Review Committee of Anhui Province Maternal and Child Health Hospital. Furthermore, this study was conducted in accordance with the Declaration of Helsinki.

Data collected from the 1064 males were as follows (1): duration of the abstinence period before semen sample delivery (2), semen routine parameters and normal sperm morphology rate, and (3) pathogens in the semen. Based on the results of laboratory cultures, the participants were divided into three groups: (i) U. urealyticum infection, including males with U. urealyticum detected in their semen samples, n=328), (ii) non-U. urealyticum infection, including males with urogenital tract infection symptoms but no U. urealyticum detected in their semen samples, n=377), and (iii) normal volunteers, including males with no urogenital tract infection symptoms and no pathogens detected in their semen samples, n=359).




2.2 Sample collection

Samples of human semen were collected by masturbation during an abstinence period, which was standardized to be 3–5 days in line with the WHO 2010 guidelines (14). The exact duration of the abstinence period was recorded. All males were instructed about semen and genital specimen collection, according to the national standard of reproductive laboratories, before masturbating to minimize microbial contamination during semen extraction (15). Each semen sample was poured into a sterile glass cup and liquefied in specific incubators at 37°C. When the semen sample was entirely liquefied, a volume ≥2.0 ml was required for this study. Each semen sample was used for three purposes: (i) routine semen analysis, (ii) analyzing the ratio of normal sperm morphology, and (iii) for pathogen testing.




2.3 Routine semen analysis

Routine semen analysis was performed according to the WHO Laboratory Manual for the Examination and Processing of Human Semen (5th edition) (16). Semen volume, sperm concentration, and percentage of forward movement (PR%) were analyzed using an automatic semen quality computer-aided analysis system (Spanish SCA SCOPE Company). The image acquisition module and frame image were implemented using the following parameters: most sperm concentrations were collected at 20 Hz, while higher concentrations were collected at 7 Hz; collection intermission, 3 ms; maximum velocity of sperm motility, 200 um/s; sperm motility index, and straight-line velocity. The grayscale threshold values were formulated to determine the spermatozoa and eliminate non-sperm components. Then, sperm parameters were analyzed and compared per the thresholds formulated for the semen assay.

Semen volume (mL), viscosity, liquefaction degree, and appearance were measured manually according to standard operating procedure (SOP) specifications, and the pH was tested using a litmus test paper. Next, 10 µL of each semen sample was drawn using a sampling gun on a sperm counting plate (Israel Self Medical Instruments Company). The sperm concentration (×106/ml) was obtained using an automatic semen quality computer-aided analysis system (Beijing Zhongke Hengye Co., Ltd.). Other data collected were the rates of forward sperm (%), non-forward sperm (%), inactive sperm (%), survival rate (%), average path velocity (um/s), linear motility (%), wobble (%), linear (%), and straightness (%), as well as curve velocity (um/s), the amplitude of lateral head display (um), beat cross frequency (Hz), mean angular displacement, and straight-line velocity (um/s).

Sperm smear samples were stained using the new Pasteur staining method. The percentages of normal sperm, head defects, middle and main segment defects, excessive residual cytoplasm, and round cells were observed under an oil microscope. The operation was strictly performed following the SOP.



2.3.1 Ratio of sperm normal morphology assessment

Semen smears were dyed using a Diff-Quick reagent (MICROPTIC S.L. Co., Barcelona, Spain) to analyze the ratio of normal sperm morphology (14). Briefly, 10 µL of semen sample was diffused onto a glass slide and then air-dried at an indoor temperature for more than 10 min. The smeared glass slide was stained and analyzed using a high-power microscope (BX53M; Olympus, Qingdao, China) magnified 1000 times. In line with the 2010 WHO guidelines, a spermatozoon with a malformed head, middle, and tail parts was recorded as teratozoospermia. The sperm deformity index (SDI) was calculated as the ratio of deformed sperm cells to the total number of sperm cells (17). For each sperm sample, an outnumber of 200 spermatozoa (or the entire spermatozoa if the glass slide held <200 sperm cells) was calculated using a double-blind approach. Additionally, the ratio of spermatozoa with deformities or normal morphology was calculated.





2.4 Detection of pathogenic microorganisms

All semen samples from the study population were evaluated for U. urealyticum. U. urealyticum was detected using polymerase chain reaction (PCR) with specific kits (Daan Gene Co. Ltd., Guangzhou, China). A standard curve was formulated for each test based on the kit contents. Concentrations of U. urealyticum DNA ≥500 copies/ml were considered positive (18). U. urealyticum was analyzed under high-quality control in the professional reproductive laboratory of Anhui Province Maternal and Child Health Hospital, approved by the China Food and Drug Administration (19).




2.5 Statistical analysis

Patients’ age, semen volume, pH value, liquefaction time, sperm concentration, forward moving sperm, non-forward moving sperm, viability, average path velocity, curve velocity, the amplitude of lateral head display, beat cross frequency, mean angular displacement, straight-line velocity, wobble, linear, straightness, as well as the rates of normal morphology, head deformity, and middle and main segment deformity, and round cell number, were measured and distributed normally, expressed as mean ± standard deviation (x ± s). One-way ANOVA was used to compare the differences between groups. Viscosity was a classified variable, and non-parametric tests were used for statistical analyses. Post-hoc comparisons were analyzed using Tukey’s test, where the result manifested a significant main effect, and the percent relative effects and 95% confidence intervals (CIs) were calculated. Statistically significant differences were considered at p-values <0.05, and SPSS 20.0 was used for all statistical analyses.





3 Results



3.1 Grouping of the study population

Table 1 shows normal standards for male semen parameters, such as semen volume, sperm density, percentage of sperm forward movement, the normal sperm morphology rate, pH, and sperm activation and survival rates. According to the results of microbial culture tests, Table 2 shows that the semen samples of 328 (30.83%) males had microbial cultures positive for U. urealyticum. Approximately 377 (35.43%) males were considered to have symptoms of urogenital infections based on their responses to the questionnaires; however, U. urealyticum was not detected in their semen samples. In contrast, 359 (33.74%) males were observed to have no urogenital infection symptoms, and U. urealyticum was not detected in their semen samples.


Table 1 | Normal standards on male semen quality parameters.




Table 2 | Male genital tract pathogen infection.






3.2 U urealyticum infection and semen routing parameters

Semen pH and liquefaction time were significantly higher in the U. urealyticum infection group than in the non-U. urealyticum infection and normal volunteers groups (7.28 ± 0.02 vs. 7.15 ± 0.03 vs. 7.22 ± 0.03; p=0.003 and 31.87 ± 1.41 vs. 30.72 ± 1.32 vs. 30.81 ± 1.40; p<0.001, respectively) (Table 3). In contrast, the sperm density and ratio of anterograde motile spermatozoa decreased significantly (67.52 ± 33.15 vs. 84.22 ± 41.85 vs. 73.88 ± 25.09; p<0.001 and 36.48 ± 12.70 vs. 38.97 ± 6.82 vs. 43.31 ± 8.78; p<0.001, respectively) (Table 3).


Table 3 | Correlation between male genital tract pathogen detection and routine semen quality indicators (mean ± standard deviation).






3.3 U urealyticum infection and sperm morphology

U. urealyticum infection was significantly associated with lower ratios of sperm with normal morphology (7.39 ± 3.23 vs. 10.11 ± 3.61 vs. 7.98 ± 4.51; p<0.001), compared with semen males without U. urealyticum infection (Table 4).


Table 4 | Correlation between male genital tract pathogen detection and sperm morphology (mean ± standard deviation).







4 Discussion

Due to the implementation of the two-child policy amendment of China’s Population and Family planning Law, the number of males who want to reproduce offspring has increased significantly (20). In addition, U. urealyticum infection of the genital tract has been confirmed as an important risk factor for male infertility (21). Hence, it is important to determine whether treating male U. urealyticum infections is necessary to improve male reproductive function. Several studies have shown that U. urealyticum infection in the male genital tract negatively affects semen quality (22). This study showed that U. urealyticum infection in the male genital tract significantly affected the pH value, liquefaction time, concentration, and motility of forward-moving sperm in semen samples. These results are consistent with those of most previous studies.

Data collected in this study showed that U. urealyticum infection is common in young males (30.83%). This result was higher than that in most studies (23), which could probably be ascribed to either this study’s detection method or regional differences.

After U. urealyticum infection in the male genital tract, the number, concentration, activity, and survival rate of sperm cells were significantly reduced. Forward sperm and survival rates are the most important parameters for semen quality and directly affect the sperm-egg combination (24), and U. urealyticum infection impacts sperm concentration and forward movement (25). Infection of the reproductive tract leads to male spermatozoa acclimatization and interferes with sperm maturation in convoluted tubules. Furthermore, mixed infections had a more significant effect on routine semen parameters than other pathogens. The number of non-forward motile spermatozoa increases significantly after infection with mixed pathogens (26). The effect of U. urealyticum infection on sperm cells may be due to its ability to adhere to sperm cells and integrate to affect cellular interactions directly. Sperm vitality, motility, morphology, cellular integrity, and molecular structure also deteriorate due to the development of protective immunity against genital infection by the host (population sensitivity to microbial agents).

Compared with semen samples without pathogens, U. urealyticum infection in semen samples significantly increases the rate of sperm malformation (27). When the ratio of normal sperm cells is <4%, it affects the sperm-egg combination and reduces the probability of pregnancy. U. urealyticum infection affects sperm morphology by integrating with sperm cells. It assaults sperm cells in the middle of the head and the area behind the chromosome. The sperm membrane at the adsorption site is damaged or even severely destroyed, making the sperm from streamlined to “bloated,” with abnormal morphology. The tail becomes angled and curled, and some sperm are agglutinated. After U. urealyticum infection, the rate of sperm malformation increases, and abnormal morphology, such as cusps, big heads, double heads, and tailless, increases (28). It can also stimulate the body to produce various inflammatory mediators that damage sperm morphology (29).

Compared with the uninfected group, males with U. urealyticum infection had higher middle segment deformity, round cells, and excessive cytoplasm, which could reduce the ratio of normal sperm and might cause dyspepsia and male infertility (30). Co-incubation of U. urealyticum and sperm led to a significant decrease in the number of motile sperm cells and premature sperm death. U. urealyticum lipopolysaccharide is the main cause of sperm apoptosis, and lipopolysaccharide levels in semen affect sperm quality and function (31). In this study, the normal morphology rate of males infected with U. urealyticum decreased more significantly than that of those infected with other pathogens and the normal volunteers. Therefore, male genital tract infection was closely related to male infertility (32). However, the number of other pathogenic specimens identified was small and should be expanded for further studies.

This study observed that male genital tract infection with U. urealyticum is significantly associated with conventional semen parameters (including morphology). The detection and treatment of U. urealyticum are recommended for males with infertility to improve their semen quality.
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p<0.05 was considered statistically significant.
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ALH, amplitude of lateral head display; BCF, beat cross frequency; LIN, linear; MAD, mean angular displacement; STR, straightness; VAP, average path velocity; VCL, curve velocitys
VSL, straight line velociyt; WOB, wobble.

p<0.05 was considered statistically significant.

Viscosity is a classified variable, and a non-parametric test was used for statistical analysis.
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