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Abstract

Background: Although semen analysis is a basic method to evaluate male
fertility, there was a certain deviation between the semen examination and the
actual situation in clinical application. Objective: To evaluate the application
value of semen examination items in the diagnosis of male infertility. Me-
thod: Males recruited from the Third Affiliated Hospital of Sun Yat-sen Uni-
versity from June 2017 to December 2018 were divided into three groups:
normal fertility group, physical examination group (premarital physical ex-
amination), and male infertility group. Each group received the following
examination such as semen analysis (including semen volume, sperm con-
centration, progressive motility, total motility, round cell concentration),
acrosin activity, and sperm morphology. All the semen analysis items men-
tioned above were operated according to the WHO Jaboratory manual for the
examination and procession of human semen (Fifth edition) and related
documents. Results: The normal fertility group and physical examination
group showed significantly higher levels in sperm concentration, progressive
motility, total motility, and sperm morphology than those in the male infer-
tility group (2 < 0.05); both the normal fertility group and the physical ex-
amination group have a higher qualified rate in sperm concentration, pro-
gressive motility, total motility and sperm morphology than the male infertil-
ity group, all P < 0.001. The percentage of patients having all qualified items
in each group was 28.13%, 6.67%, and 6.51% separately. Conclusion: The
diagnosis efficiency was higher in sperm concentration, progressive motility,
total motility, and sperm morphology than in other semen examination
items. A more objective and efficient method of semen examination should
be explored to facilitate the diagnoses of male infertility in the future.
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1. Introduction

Male infertility is a very common disease, which seriously affects the family sta-
bility and the physical and mental health of patients. Semen analysis is a basic
method to evaluate male fertility in the world. Since 1970, the World Health Or-
ganization (WHO) has begun to formulate, promulgate and popularize the la-
boratory manual for the examination and procession of human semen in order
to establish standardized methods for human semen examination and strict
quality control. Its purpose is to provide consistent standards of semen analysis
around the world, to facilitate mutual comparison and epidemiological research,
and finally to establish objective normal standards for semen examination items
to promote the development of semen examination technology [1].

At present, the WHO laboratory manual for the examination and procession
of human semen (Fifth edition) published in 2010 has been widely used all over
the world. However, we found that there was a certain deviation between the
standard set by the manual and the actual situation in clinical application. Many
couples have normal reproduction, but the results of the husband’s semen ex-
amination are abnormal. Chen Guowu ef al believed that only 70% of routine
outcomes of semen examinations were consistent with actual fertility [2].
Another study demonstrated that 15% of men with normal semen examination
were still diagnosed with infertility [3].

What are the reasons for these phenomena? What is the role of various indi-
cators of semen examination in evaluating male fertility? Which item can reflect
semen quality more objectively? There are many studies on these topics, but
there are still no clear results. This study analyzed the application value of vari-
ous semen examination items in the diagnosis of male infertility, and provides a
theoretical basis for finding an objective method to evaluate male fertility, by
comparing the results of seven items of common semen examination in normal
fertility group, premarital physical examination group, and male infertility
group, including semen volume, sperm concentration, sperm motility, sperm
survival rate, round cell concentration, sperm acrosin activity, normal rate of

sperm morphology, etc..

2. Materials and Methods
2.1. Objectives

Males who underwent semen examination in the Third Affiliated Hospital of
Sun Yat-sen University from June 2017 to December 2018 were recruited, in-
cluding normal fertility volunteers (with spouse pregnant within 12 months),
premarital physical examination people, and patients with male infertility (ex-
cluding reproductive system infection and female factors) and were divided into
three groups: normal fertility group, physical examination group (premarital
physical examination), and male infertility group. The infertile man enrolled in
the male infertility group should have a female partner who had normal results

in their fertility evaluations and did not achieve a clinical pregnancy after 12
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months or more of regular unprotected sexual intercourse. Each group received
the following examination such as semen analysis (including semen volume,
sperm concentration, sperm motility, sperm survival rate, round cell concentra-

tion), sperm acrosin activity, and normal rate of sperm morphology.

2.2. Detection Method

2.2.1. Routine Semen Analysis

After abstinence for 2 - 7 days, semen was collected by masturbation and lique-
fied at 25°C. The semen samples were detected by computer-aided sperm analy-
sis system (CASA). The results were judged according to the WHO laboratory

manual for the examination and procession of human semen (Fifth edition).

2.2.2. Determination of Sperm Acrosin Activity

By using the kit of Shenzhen Huakang Biotechnology Co., Ltd., the improved
Kennedy method was adopted for detection of sperm acrosin activity. Operate in
strict accordance with the instructions and with reference to the methods of pre-

vious literature reports [4].

2.2.3. Sperm Morphology Detection

The modified Papanicolaou staining method recommended by the WHO Jabor-
atory manual for the examination and procession of human semen (Fifth edi-
tion) was used to detect the sperm morphology. The determination of the results
was based on the standards established in the WHO manual.

2.3. Statistical Method

SPSS 25.0 software package was used for statistical analysis. The measurement
data are represented by X = s. For variance with normal distribution and ho-
mogeneity, One-way analysis of variance was adopted and LSD-t method was
used for pairwise comparison. For variance with non-normal distribution or he-
terogeneity, nonparametric rank sum test was adopted, and Kruskal-Wallis me-
thod was used for pairwise comparison. Chi-square test was used to compare
two rates: in this paper, the Fisher accurate test was used because the sample size
of the normal fertility group was small. The significant level was 0.05 (bilateral),

and a Pvalue < 0.05 was considered statistically significant.

3. Results

3.1. General Information

A total of 3164 people were enrolled in the present study. We counted the mean
and normal rate of each sperm parameter in the three groups, including 32
people in the normal fertility group (24 - 35 years old, averaging 30 years old),
1056 people in the physical examination group (25 - 35 years old, averaging 29
years old), and 2076 in male infertility group (25 - 41 years old, averaging 32
years old). Subsequently, we selected people who examined all seven items at the

same time to compare the qualified rate of each item in different groups, in-
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cluding 32 people in the normal fertility groups (24 - 35 years old, averaging 30
years old), 165 people in premarital physical examination groups (25 - 33 years
old, averaging 30 years old), and 215 in male infertility groups (27 - 36 years old,
averaging 32 years old).

3.2. Comparison of the Average of Each Semen Test Item in Three
Groups

We observed the mean of each item and made a pairwise comparison. The dif-
ference in semen volume among each group was statistically significant (normal
fertility group 3.56 *+ 1.53 ml, physical examination group 3.33 + 1.50 ml, and
male infertility group 3.53 + 1.90 ml, P = 0.025). The examination group had a
bigger semen volume than the male infertility group, P= 0.04 (Figure 1(a)). The
sperm concentration: normal fertility group (70.76 + 31.03) x 10° ml, physical

Semen volume Sperm concentration Progressive motility

(@) (c)
Total motility Round cell concentration Acrosin activity
100 ki * 200 *
*
80
60
X
40
20
0
(C)
Sperm morphology

*ok
6 *%

m Normal fertility group
3 Physical examination group
B Male infertility group

(8)

Figure 1. Comparison of average of each item in three groups. (a) Semen volume in
physical examination group was statistically lower than in male infertility group, P =
0.025. Statistical differences were seen among three groups in sperm concentration (b),
progressive motility (c), and total motility (d), all < 0.001; (e) The round cell concentra-
tion was obviously higher in normal fertility group than in the other two groups, P= 0.04;
(f) The acrosin activity in normal fertility group was statistically higher than in male in-
fertility group, P = 0.029; (g) The sperm morphology was significantly higher in normal
fertility group than in the other two groups, 2= 0.002.
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examination group (44.05 + 29.00) x 10° ml, and male infertility group 39.31 +
30.88 x 10° ml. There were significant differences in sperm concentration among
the three groups (all < 0.001) (Figure 1(b)). The progressive motility and total
motility also showed statistically difference (progressive motility: normal fertility
group 45.31% = 14.17%, physical examination group 29.94% + 18.96%, male in-
fertility group 26.35% = 18.54%, all P < 0.001, Figure 1(c); total motility: normal
fertility group 72.55% + 12.52%, premarital physical examination group 55.38%
+ 22.44%, male infertility group 51.24% =+ 24.13%, all P < 0.001, Figure 1(d)). As
to sperm round cell concentration, there were statistical differences between
normal fertility group and the physical examination group ((2.76 + 1.37) x
10%/ml vs. (2.19 + 1.96) x 10°/ml, P = 0.03), and between normal fertility group
and male infertility group ((2.76 + 1.37) x 10%/ml vs. (2.13 + 2.08) x 10%ml, P=
0.01). The normal fertility group was significantly higher in sperm acrosin activ-
ity and in the normal rate of sperm morphology than the male infertility group
(perm acrosin activity: (113.84 + 53.81) pIU/10° vs. (93.98 + 58.90) ulU/10°%, P=
0.029; normal rate of sperm morphology: (3.27 + 2.05)% vs. (1.98 £ 1.40)%, P <
0.001). There were also statistical differences in the normal rate of sperm mor-
phology between normal fertility group and physical examination group ((3.27 +
2.05)% vs. (2.21 + 1.45)%, P=0.002) (Figure 1(f) & Figure 1(g)).

3.3. Comparison of the Qualified Rate of Each Item in Different
Groups

We continued to compare the qualified rate of each item in different groups by
using Fisher exact test, and found that there was no statistical difference in the
qualified rate of semen volume and acrosin activity among the three groups (2>
0.05). As to the items of sperm concentration and sperm survival rate, there was
no statistical difference in the qualified rate between the normal fertility group
and the physical examination group, but both of them were significantly higher
than in the male infertility group (sperm concentration: X*> = 34.789, P < 0.001;
sperm survival rate: X*> = 32.071, P < 0.001). In the items of sperm motility and
normal rate of sperm morphology, there were significant differences among
them (sperm motility: X* = 37.549, P < 0.001; normal rate of sperm morphology:
X* = 19.332, P < 0.001). As to the round cell concentration item, there was no
statistical difference between the normal fertility group and the other two
groups. However, there was significant difference between the physical examina-
tion group and the male infertility group (X* = 19.404, P <0.001). These results
further indicate that sperm concentration, sperm motility, sperm survival rate
and normal rate of sperm morphology might be relatively more efficient in the
diagnosis of male infertility. The results are shown in Figure 2.

3.4. The Numbers of Qualified Items in Each Group

We compared people who completed all examination items at the same time
(including semen analysis, sperm acrosin activity and normal rate of sperm

morphology) among each group: normal fertility group (n = 32), physical
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Figure 2. Comparison of the qualified rate of all items in each group. No significant dif-
ferences in the qualified rate of semen volume and acrosin activity were seen among three
groups, P > 0.05. Both the normal fertility group and the physical group have a higher
qualified rate of sperm concentration, progressive motility, total motility and sperm
morphology than the male infertility group, all 2 < 0.001. Statistical difference was seen in
round cell concentration between physical examination group and male infertility group,
P<0.001.

examination group (n = 165) and male infertility group (n = 215). It was found
that 28.13% of the people in the normal fertility group had all normal examina-
tion items, while only 6.67% in the physical examination group and 6.51% in the

male infertility group. The results are shown in Figure 3.

4. Discussion

There are many factors in semen composition that affect male fertility, including
seminal plasma biochemistry, sperm DNA integrity, sperm density, motility and
morphology, etc. WHO laboratory manual for the examination and procession
of human semen (2010) provides a variety of methods for evaluating semen
quality, and establishes a reference range. However, these items cannot provide
clinicians with an accurate prediction of male fertility. This is because that there
are other factors affecting sperm-egg binding besides semen quality. At first,
WHO took sperm concentration > 20 X 10%/ml, motility > 50%, and the normal
rate of sperm morphology > 50% as the normal standard. These results were
based on the work of Macleod in the 1950s [5]. In recent years, WHO counted
the research data of more than 4500 men from 14 countries who had given birth
within 12 months, and used the unilateral 5% confidence interval to establish the
latest reference ranges of semen parameters: semen volume 1.5 mL (1.4 - 1.7
mL), sperm concentration 15 x 10/mL [(12 - 16) x 10%/Ml], sperm motility 32%
(31% - 34%), sperm survival rate 40 (38% - 42%), normal sperm morphology
rate 4% (3% - 4%) [1]. WHO recommended that the criteria above should be
combined with the results of the fertility test of the female spouse to comprehen-
sively assess the couple’s fertility status. Although having provided many related

semen examination items, and the examination items are divided into basic
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Figure 3. Comparison of qualified items in each group.

items, optional items and scientific research items according to the actual opera-
tion, WHO does not give a specific assessment of the importance of each ex-
amination item, nor does it explain how clinicians should make an objective and
specific diagnosis when facing with several abnormal examination items. In ad-
dition, medical conditions vary around the world, and many medical institutions
are unable to complete all semen examination items. Therefore, we selected the
two most widely used items in the basic items to observe the examination of
each item in the diagnosis of male infertility, including: semen analysis (includ-
ing semen volume, sperm concentration, sperm motility, sperm survival rate,
round cell concentration), normal rate of sperm morphology, and the detection
of sperm acrosin activity which is widely used in China.

First, we compared the mean of each item among the three groups. Although
the average semen volume in the male infertility group was higher than that in
the normal fertility group and the premarital physical examination group, only
the difference between the male infertility group and the physical examination
group was statistically significant. This result indicated that semen volume was
not efficient in the diagnosis of male infertility, so it is suggested that except in
extreme cases (such as semen volume < 1.0 mL), the total number of sperm cal-
culated by the combination of semen volume and sperm concentration in a sin-
gle ejaculation should be the evaluation indexes. Some studies have proved that
the total number of sperm in a single ejaculation is positively correlated with the
incubation period of pregnancy [6]. Although it is controversial whether sperm
concentration can be used as a biomarker of male infertility, it is still regarded as
the most basic examination item for male infertility. Sperm concentration has
also been proved to be positively correlated with the incubation period of preg-
nancy [6]. Our observation results also showed that there was a significant dif-
ference in sperm concentration among the three groups. The sperm concentra-
tion in the normal fertility group was significantly higher than that in the other
two groups, and the physical examination group was also significantly higher
than the male infertility group. This outcome indicated that sperm concentra-

tion differentiated infertile males from fertile males very well. The evaluation of
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sperm activity is also very important. If the sperm loses its activity, it cannot
combine with the egg. In this study, it was found that there were significant dif-
ferences in sperm motility and survival rate among the three groups. This sug-
gests that the sperm activity index is also accurate in the diagnosis of male infer-
tility. A foreign study continuously observed 501 couples who stopped contra-
ception for 12 months, and found that there was a significant correlation be-
tween pregnancy latency and sperm motility [7]. Semen contains non-sperm
cells, including epithelial cells from the urogenital tract, as well as white blood
cells and immature germ cells, which are collectively referred to as round cells
[1]. White blood cells are the main component of round cells [8] [9]. The total
number of round cells in semen can reflect the severity of inflammation or the
state of spermatogenesis [1]. The average concentration of round cells in the
three groups was in the normal range, and the mean in the normal fertility group
was slightly higher than that in the other two groups. Therefore, we believe that
round cell abnormality can be used as an indicator of genital tract inflammation,
but it is not a major factor leading to male infertility. Sperm acrosin is a key en-
zyme in the process of fertilization, which can dissolve the zona pellucida when
the sperm penetrates it, and its activity can directly affect the fertilization [4]
[10]. Therefore, acrosin detection is also an important index to reflect the quality
of live sperm. This study suggests that the activity of acrosin in normal fertility
group and physical examination group is significantly higher than that in male
infertility group, so this item is efficient in the diagnosis of male infertility.
Sperm morphology detection is an indispensable part of semen quality analysis.
At present, most relevant institutions in the world adopt “strict” testing stan-
dards. This standard is based on the observation of the morphology of sperm in
cervical mucus and Zona pellucida after sexual intercourse, and has been pro-
moted by the 5th edition of WHO semen examination manual [1]. The normal
rate of sperm morphology is also related to the incubation period of pregnancy
[6]. Our results also showed that the normal rate of sperm morphology in the
normal fertility group was significantly higher than that in the male infertility
group, but there was no significant difference between the physical examination
group and the male infertility group, which also suggests that the ability of this
item in differentiating male fertility is relatively good, but weaker than sperm
concentration, sperm motility, sperm motility and normal rate of sperm mor-
phology.

Then, we compare the qualified rate of each group. The results showed that in
the comparison of the qualified rates in sperm concentration, sperm motility,
sperm survival rate and normal rate of sperm morphology, the qualified rates in
normal fertility group and premarital physical examination group were signifi-
cantly higher than that in male infertility group. The qualified rates of sperm
motility and normal rate of sperm morphology in the normal fertility group
were significantly higher than those in the other two groups. There was no dif-
ference in the qualified rates of semen volume and sperm acrosin among all the

groups. There was no significant difference in the qualified rate of round cell
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concentration between the normal fertility group and the other two groups, but
the qualified rate of round cell concentration in the physical examination group
was slightly lower than that in the male infertility group. The above results fur-
ther suggest that sperm concentration, sperm motility, sperm survival rate and
normal rate of sperm morphology are of great significance in the diagnosis of
male infertility. At present, numbers of studies have shown that the concentra-
tion, motivity and morphological normal rate of sperm can predict “pregnancy
incubation period”, the evaluation standard of fertility [7] [11]. The WHO Ia-
boratory manual for the examination and procession of human semen also lists
the above four examination items as the basic items for the diagnosis of male in-
fertility [1]. However, how do we scientifically interpret the above examination
items in clinical diagnosis? We counted the normal rate of the above examina-
tion items in each group, and found that only 28.13% of the normal fertility
group passed all seven items, which means that 71.87% of the normal fertility
group had at least one abnormal test result. In the physical examination group
and male infertility group, 6.67% and 6.51% of the population passed all seven
results. Therefore, when the clinician is faced with similar semen examination
results, they may make different explanations according to previous clinical ex-
perience. This also means that the current semen quality testing methods cannot
provide a unified standard, so it is impossible to combine the results of various
tests to accurately evaluating male fertility.

So how do we scientifically evaluate male fertility in clinical work? At present,
there is no unified standard for standardized interpretation of semen test results.
Clinicians mainly interpret the semen test data according to their experience,
which will inevitably lead to a relatively larger deviation from the actual situa-
tion. In addition to the above-mentioned basic items of semen examination,
there are other semen factors that affect fertilization. For example, the level of
ATP in sperm cells maintains sperm activity [12], sperm mitochondria maintain
the normal levels of intracellular calcium jons and reactive oxygen species [13],
and the sufficient ADAM3 surface proteins, which is regulated by the other two
sperm surface proteins CMTM2A and CMTM2B [14], on the surface of sperm
cells are the prerequisites for sperm to pass through cumulus cells and bind to
Zona pellucida [15]. At the same time, in addition to semen quality, there are
many other factors leading to male infertility, such as the physiological fluctua-
tion of sperm concentration, the mode of insemination (in vivo or in vitro),
male health status, female factors and so on. In recent years, an increasing num-
ber of researches have proved that the assessment of DNA damage can predict
male fertility potential also [16] [17].

Even so, there are several limitations in the present study. First, the sample
size in our study is relatively small. The results presented here cannot
represent the semen characteristics of men with normal fertility in other dis-
tricts. Thus a larger sample size, especially a multicenter study, is needed.
Second, the present study still did not provide a more objective method to as-

sess human semen.
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5. Conclusion

In conclusion, the present study demonstrated that sperm concentration, pro-
gressive motility, total motility, and sperm morphology were more efficient in
the diagnosis of male infertility than other sperm parameters. The current semen
examination methods cannot fully reflect the male reproductive ability; how to
correctly interpret the current semen quality test results needs to be further stu-
died. In the future, it is hoped that a more objective and accurate semen evalua-
tion system can be established by the importance rating of existing testing items

through multi-center and large samples.
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