
 
 

 

 

 

 

ABSTRACT 

         Background and objectives: Semen cryopreservation is 

widely used in assisted reproduction techniques, and reliable 

semen analysis is essential to define the clinical practice. 

However, many parameters used for semen evaluation have high 

variability among technicians. Here, we describe a method of 

validating semen analysis prior to cryopreservation, comparing 

each operator’s results with an expert, and also analyzing inter-

operator variability. As a second endpoint, we compare this 

method by analyzing semen parameters before and after 

cryopreservation. 

         Methods: Four professional trainees studied and practiced 

semen analysis according to the World Health Organization 

guidelines for one month, under supervision of an expert in the 

field. Next, microscopic results (sperm concentration, motility, 

vitality, and morphology) obtained by each team member were 

compared with the findings obtained by the expert. Finally, 

analyzes of inter-operators were evaluated for the same 

parameters. 

         Results: The findings obtained by the operators and the 

expert did not differ significantly. Furthermore, in the inter-

operator analysis, the morphology parameter differed 

significantly in the fresh semen sample, which was not observed 

in the post-thaw sample.  

         Conclusion: Our results indicated that the laboratory staff 

training for semen analysis was effective, ensuring the 

assessment of individual performance and uniformity among 

operators in sperm count parameters, producing consistent 

results. 

         Keywords: Semen, Semen preservation, Cryopreservation, 

Validation study. 
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for five different semen samples analyzed in 

triplicates. As a second endpoint, we analyzed 

the differences in the results of fresh versus 

post-thaw semen samples.  

Semen was collected by masturbation in a 

sterile 80 ml cup after three days of 

abstinence. Analyzes were performed within 

two hours of collection and according to the 

WHO guidelines (2010). Only microscopic 

parameters such as sperm concentration, 

motility, vitality, and morphology were taken 

into consideration for the validation of 

protocol proficiency. Sperm motility results 

were categorized into progressive, non-

progressive, and non-motile (2). A light optic 

microscope (Nikon E200, Nikon Instruments, 

NY, USA) equipped with 10x, 40x, and 100x 

objectives was used to perform the analyzes. 

Sperm concentration and motility were 

assessed using a Neubauer chamber. The 

vitality test was performed using eosin-

nigrosin staining (VitalScreenTM, FertiPro, 

Beernem, Belgium), and panoptic staining was 

performed for morphology analysis (Instant 

prov, Newprov, Parana, Brazil). Morphology 

was interpreted according to the Kruger's strict 

criteria (2). All team members analyzed the 

same parameters in each sample after thawing.  

Cryopreservation of semen samples was 

performed using Test-yolk buffer freezing 

medium (ref 90128 - FujiFilm Irvine 

Scientific, CA, USA) diluted 1:1 with the 

semen sample. The samples were submitted to 

an automated stepwise reducing temperature 

protocol using a controlled-rate freezer, 

according to the manufacturer's instructions 

(Thermo Scientific™ CryoMed™7401, 

ThermoFischer Scientific, Waltham, MA, 

USA) in seven steps for two hours, until the 

samples reached temperature of -120 °C. Then, 

the samples were transferred to a high-

efficiency vapor phase nitrogen tank 

(CryoPlus 3, N/S 502732-627, Thermo 

Scientific, Waltham, MA, USA). Quick-thaw 

was performed at 37 ºC using a water bath.  

Statistical analysis of data was performed with 

GraphPad Prism (version 9). Multiple paired t-

tests with SIdák-Bonerroni post-test were used 

to compare the data between the expert and 

operators, and between fresh and frozen 

samples. To compare the inter-operator 

variability, one-way ANOVA with Tukey’s 

post-test was used. The coefficient of variation 

(CV), mean, and 25
th
 and 75

th
 percentiles were 

INTRODUCTION 

Sperm cryopreservation is the best method to 

stabilize and preserve cell viability and 

functionality for future use in assisted 

reproductive technology. A reliable pre- and 

post-cryopreservation semen analysis by the 

sperm bank is imperative to help clinicians 

define which assisted reproductive procedure 

is possible, and also to serve as quality control 

of the freezing and thawing procedures (1). 

However, despite adherence of most 

laboratories to the World Health Organization 

(WHO) recommendations for semen analysis, 

there is still high variability in the 

interpretation of several semen parameters 

because of the subjectivity factor, training, 

experience, and individual technical skill (2-

4).   

Quality assurance of an andrology laboratory 

includes several criteria that together ensure 

that the best practices are fulfilled. Education, 

specimen reception and handling, reagent 

quality, instrument checks, reporting and 

results verification, and especially inter-and 

intra-operator comparison efficiency, are key 

in the quality control process (5). Here, we 

describe a method of validating semen analysis 

prior to cryopreservation, comparing each 

operator’s results with an expert, and also 

analyzing inter-operator variability. As a 

second endpoint, we compare this method by 

analyzing semen parameters before and after 

cryopreservation.  

 

MATERIALS AND METHODS 

The study was performed in a laboratory 

setting at the Hemocord Biotechnology, a cell 

and tissue processing center for human cellular 

therapies in Brazil. Semen samples were 

obtained from healthy men. The samples were 

negative for infectious diseases. Written 

informed consent was also taken from the 

participants.  

Four professional trainees studied and 

practiced semen analysis according to the 

WHO guidelines for one month, under 

supervision of an expert in the field. To 

validate the microscopic sperm parameters by 

our laboratory personnel, we assessed the 

results in two phases. The first phase consisted 

of comparing the analysis performed by each 

team member against an expert's interpretation 

for different samples. The second phase 

comprised an inter-operator comparison 

between the four members' microscopic results  
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that the training carried out by the expert 

before validation was effective. Next, in order 

to analyze the consistency among our 

technicians’ results, an inter-operator 

comparison was performed with five different 

samples in two different time points, with 

fresh samples and after thawing the same 

samples.  

Among the parameters evaluated, we observed 

a significant statistical difference only for the 

morphology reading in the fresh samples, 

which was not found in the post-thawed semen 

analysis (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

also calculated. All results were presented as 

mean ± standard error of the mean (SEM).  
 

RESULTS  

There was no notable difference between the 

results of analysis obtained by the operators 

and that obtained by the expert (Figure 1). 

Supplementary Table 1 describes the mean, 

SEM, and adjusted p-values from the three 

readings of each sample of the operator and 

expert, which are in accordance with the 

acceptable differences between percentages by 

the WHO guidelines (2). These results show  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1- Comparison of results between the expert and operators in microscopic parameters analysis.  Each operator 

analyzed a semen sample regarding the different parameters indicated by the WHO (2010) and had their results 

compared with the analysis of an expert. (A) Expert x Operator 1, (B) Expert x Operator 2, (C) Expert x Operator 3, 

and (D) Expert x Operator 4. Conc: concentration; TC: total count; PM: progressive motility; NPM: non-progressive 

motility; TM: total motility; NM: non-motile; Morph: morphology. 

 

 
Figure 2-Inter-operator variability analysis of fresh and post-thawed semen samples. After training with an andrology 

expert, all laboratory members evaluated five fresh semen samples and post-thawed to microscopic parameters. Each 

operator performed three counts of each sample, and the average of their counts was compared among all. (A) Inter-

operator variability in fresh samples. (B) Inter-operator variability in post-thawed samples. 
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of the fresh and thawed sample 2, which 

exhibited characteristics of oligozoospermia, a 

condition characterized by the reduction of 

spermatozoa that can make the analysis of the 

sample more challenging for the operators in 

training. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We also evaluated the mean coefficient of 

variation for the parameters most susceptible 

to variability in concentration (13.9%), 

progressive  motility (21.8%), and morphology 

(28.5%) (Table 1). Interestingly,  we  observed 

a   wide  range   of  variation  in   the   analysis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Expert X Operator 1 Expert X Operator 2 Expert X Operator 3 Expert X Operator 4 

 Expert 

mean±SE

M 

Operator 

1 

mean±SE

M 

p-

value 

Expert 

mean±SE

M 

Operator 

2 

mean±SE

M 

p-

value 

Expert 

mean±SE

M 

Operator 

3 

mean±SE

M 

p-

value 

Expert 

mean±SE

M 

Operator 

4 

mean±SE

M 

p 

value 

Concentra

tion 

(x106/mL) 

33 ± 2 31 ± 3 0.822 30 ± 2 28 ± 1 0.645 877 ± 49 910 ± 40 0.907 33 ± 2 33 ± 1 >0.999 

TC (x106) 110 ± 7 103 ± 9 0.822 94 ± 7 87 ± 4 0.645 2367 ± 

132 

2457 ± 

109 

0.907 110 ± 6 108 ± 1 >0.999 

PM (%) 70 ± 2 70 ± 2 >0.999 74 ± 2 77 ± 2 0.996 35 ± 3 30 ± 12 0.985 70 ± 2 67 ± 4 0.987 

NPM (%) 8 ± 1 9 ± 2 >0.999 9 ± 2 7 ± 1 0.634 8 ± 1 8 ± 1 0.987 8 ± 1 6 ± 2 0.987 

TM (%) 78 ± 2 79 ± 2 0.999 83 ± 3 83 ± 1 0.999 43 ± 3 42 ± 6 0.999 78 ± 2 73 ± 2 0.099 

NM (%) 20 ± 3 21 ± 2 0.999 17 ± 3 17 ± 3 0.999 56.67 ± 3 58.67 ± 6 0.999 21 ± 2 27 ± 2 0.191 

Vitality 

(%) 

79 ± 3 77 ± 3 0.999 73 ± 5 66 ± 3 0.953 31 ± 4 27 ± 1 0.191 79 ± 3 70 ± 4 0.854 

Morpholo

gy (%) 

5 ± 1 9 ± 1 0.052 9 ± 1 9 ± 1 0.999 9 ± 1 9 ± 1 0.987 5 ± 1 6.33 ± 1 0.939 

 

SEM: standard error of the mean; TC: total count; PM: progressive motility; NPM: non-progressive motility; TM: total motility; NM: non-motile.  

 

Table 1- Mean, SEM, and adjusted p-value for microscopic analysis obtained from analysis of the expert and operators 

 

 Fresh 

Mean ± SEM 

Post-thawed 

Mean ± SEM 

Adjusted p-value 

Concentration (x106/mL) 97.7 ± 22.0 77.6 ± 15.4 0.495 

Total Count (x106) 271.3 ± 99.4 208.3 ± 66.1 0.727 

Progressive Motility (%) 49.4 ± 12.6 21.6 ± 7.7 0.264 

Non-Progressive Motility (%) 3.9 ± 0.5 9.7 ± 2.3 0.49 

Total Motility (%) 53.5 ± 12.6 31.3 ± 9.2 0.284 

Non-Mobile (%) 45.8 ± 12.8 68.7 ± 9.2 0.229 

Vitality (%) 53.1 ± 12.0 34.9 ± 3.0 0.375 

Morphology (%) 7.3 ± 1.7 5.3 ± 1.2 0.331 
 

Data are presented as the mean (25th and 75th percentiles), coefficient of variation, and mean of coefficient of variation. CV: coefficient of variation. 

 

Table 2- Comparison of fresh and post-thawed semen samples 
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Similar to morphology, we also observed a 

greater variability in the motility parameter. 

Although all samples were analyzed within the 

time established by the WHO guidelines, the 

difference in time of analysis of the same 

sample for each operator may have influenced 

the result. Indeed, the main reasons for 

observed differences in motility by other 

researchers are the subjectivity of the 

technician, time for analysis, and the lack of 

standards (11).  

Although semen analysis before and after 

cryopreservation was not the main objective of 

this study, we compared the results as a 

secondary endpoint of this research, to assess 

the impact of cryopreservation on the sample. 

We observed a reduction in sperm 

concentration, motility, morphology, and 

vitality as well as an increase in non-

progressive motility when comparing fresh 

and cryopreserved samples. However, these 

results were not statistically significant 

between the fresh and post-thaw groups 

(Supplementary Table 2).  

Cryopreservation of semen is an effective 

technique to preserve male fertility and its 

subsequent use in assisted reproduction 

technology (12,13). Nonetheless, it must be 

performed with appropriate cryopreservatives 

and techniques in order to avoid post-thaw 

damages, such as formation of ice crystals 

(14). Even with the use of a semen-specific 

cryopreservative medium and automated 

stepwise temperature reduction protocol, we 

observed small differences in some parameters 

after thawing of the sample, indicating that 

improvements can still be made in the 

cryopreservation process in order to increase 

post-thawing sperm recovery. Similarly, other 

limitation of our study is the small number of 

samples. Future works from our laboratory 

aim to compare other cryopreservation 

protocols and programs to evaluate the best 

methodology for semen storage at ultra-low 

temperatures. In addition, we continue to 

provide training and internal quality control 

programs so that our results are reproducible 

and reliable.  
 

 

 

 

 

 

 

DISCUSSION 
The validation protocol described here was 

designed to evaluate the efficiency of training 

of our laboratory personnel in order to produce 

assertive and consistent results for semen 

analysis before cryopreservation. 

Implementations based solely on the WHO 

recommendations can be considered a 

challenge since the technique has a significant 

level of subjectivity (6). Therefore, it is 

essential to have efficient hands-on training to 

maintain an andrology laboratory with 

qualified technicians. 

In our validation, analysis of each operator did 

not differ with the analysis of the expert, 

indicating that the training carried out before 

validation was effective. On the other hand, 

the inter-operator comparison exhibited a 

difference only for the morphology reading. 

Indeed, sperm motility and morphology 

interpretations are highly susceptible to 

variation among operators (5). Morphology 

analyzes may have limitations, such as 

different seeding and staining techniques, 

which might increase the chance of variability 

(7). In order to reduce variation during 

analysis, many automated techniques have 

been developed, in which there would be no 

need for seeding and staining (8,9). However, 

Engel and collaborators suggest that manual 

assessment by a well‐trained technician is 

more accurate than automated assessment 

because it allows more detailed mapping of 

defects. Furthermore, automated methods 

demand more equipment and analysis costs 

(8). Despite this result, the CV of the samples 

evaluated in inter-operator’s analyzes is 

comparable to other studies. For instance, in 

an internal quality control study, Daoud and 

colleagues showed that the mean CV between 

operators were 12.3%, 6.9%, and 42.7% for 

concentration, motility, and morphology, 

respectively. These averages were slightly 

higher when comparing parameters between 

laboratories (10). Lam et al. also reported a 

similar CV value between operators in a study 

between 11 laboratories (25.85% for 

concentration, 19.78% for progressive 

motility, and 56.07% for morphology) (4). 

Although we observed a significant difference 

in the morphology validation, it is noteworthy 

that our CV for this parameter was 

considerably lower compared with the 

mentioned studies.  
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CONCLUSION 

In conclusion, our laboratory staff training 

validation protocol for cryopreserved semen 

analysis was effective. Although many studies 

share external validations between different 

laboratories (4,7), few laboratories disclose 

their internal quality programs. A differential 

of our study was to bring an expert with years 

of training to compare with our technicians. 

This comparison can be important in order to 

determine if systematic errors are being 

perpetuated. Indeed, even laboratories that 

follow the WHO guidelines may have poorly 

reproducible results and errors that can 

compromise future clinical decisions if there is 

no effective training program. The use of 

standardized protocols and efficient internal 

and external quality control programs can 

correct errors and enhance reliability of the 

results. 
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