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Abstract

Background: Increasing availability to assisted reproduction (AR) treatments and advances in cryobiology, 
mainly oocyte vitrification, modified andrology laboratories performance. On the other hand, environmental and 
lifestyle factors seem to have a deleterious effect on semen quality. 

Aim: To evaluate the demand and evolution of seminal parameters in the last two decades, characterize 
the current andrology laboratory and assess its improvement after computer-assisted systems (CASA) inclusion 
and to appraise the adherence to quality assurance procedures.

Materials and methods: Data from 22,528 semen analysis from patients attending the Laboratory of 
Male Fertility at the Buenos Aires University Clinical Hospital “José de San Martín”, were analyzed. Information 
regarding Semen Analysis External Quality Control Schemes (EQCS) in Argentina is reported.

Results: Overall demand decreased significantly while first-time ordered increased. Sperm volume 
and sperm count, androgen dependent parameters, went down over the years. Strict morphology criteria 
decreased the percentage of normal sperm. The CASA system allowed objectifying sperm kinetics, increasing 
the percentage of fast progressive sperm (Ga). The number of participant laboratories in Semen Analysis EQCS 
was 62 and 146 at present. Only four laboratories became accredited.

Clinical Translation: Male fertility could be at risk.

Strengths and Limitations: Two decades spermiograms results were recorded. The reported data are 
limited to Argentine

Conclusions: The Andrology Laboratory demand decreased due to an increase in AR treatments. Either 
sperm count or semen volume diminished over time. The decrease in the percentage of normal forms endangers 
its clinical value. Objective motility improves the assessment of kinetic parameters. Adherence to External 
Quality Programs improved although there are still very few accredited Andrology Laboratories. 
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INTRODUCTION
The first publication in reference to human fertility appeared 

more than fifty years ago [1], since then, the anthological 
laboratory became the cornerstone of the procedures offered. 
There were certain widely known landmarks that changed its 
course. With the advent of Assisted Fertilization techniques in 
1978 and the recognition of its mentor Robert Edwards in 2010 
with the Nobel Prize in Medicine [2], a new discipline “Clinical 
Embryology” [3] emerged. Currently there are more than 8 
million children born by these techniques [4]. If we focus on male 
factor, gamete microinjection techniques inclusion turned out to 
be a revolutionary fact, solving previously inconceivable cases 
such as severe oligozoospermia or obstructive azoospermia [5].

The widespread diffusion of these procedures [6] impacted 
the demand for basic semen studies that include sperm motility, 
count and morphology. It should be noted that this is a functional 
test that requires an expertise observer to achieve the expected 
accuracy. A normal semen analysis results from adequate 
testicular function, mainly spermatogenesis, which is hormonally 
regulated. Thus, if the evaluated parameters show values   
within the expected range, it could be ruled out the endocrine 
factor. On the other hand, it could be asserted that there are no 

obstructions, which would be evidenced by both the macroscopic 
and microscopic parameters [7]. The incorporation of Computer-
Assisted Systems (CASA) made it possible to objectify the 
observations, keeping a record of all those [8].

The andrological laboratory is under the scope of the achieved 
advances in overall clinical biochemical laboratory. Adherence 
to quality assurance is growing, mainly External Quality Control 
Schemes (EQCS) and laboratory accreditation, resulting in 
precision reports improvement [9].

Environmental and lifestyle factors may have a deleterious 
effect on semen quality affecting laboratory results [10].

Our purpose is to analyze the demand and evolution of 
seminal parameters in the last two decades, characterize the 
current andrology laboratory and assess its improvement after 
computer-assisted systems (CASA) inclusion. Secondly we would 
like to appraise the adherence to quality assurance procedures.

MATERIALS AND METHODS
A total of 22,528 semen samples from patients attending 

the Laboratory of Male Fertility at the Buenos Aires University 
Clinical Hospital “José de San Martín”, were analyzed. They 
emerged from the study of monthly means of internal quality 
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control taken from 2001 to 2019. Semen study was performed 
according to the current WHO Manual [11-14]. 

To assess sperm motility, the subjective method was 
employed until 2010; thereafter the CASA-SCA system (Sperm 
Class Analyser®-Microptic) [15] was used. Morphology was 
evaluated according to WHO 1992 criteria until 2006 when 
strict criteria (SC) replaced it in Papanicolaou stained smears. 
The immunological factor was evaluated using MAR-test (Mixed 
agglutination reaction test); at the beginning with un “in house 
technique” based on that reported by Jager [16], since 2019 the 
SpermMar Test-IgG (FertiPro) was used. DNA fragmentation 
was evaluated using the TUNEL technique (terminal deoxy-
nucleotidyl transferase dUTP nick end labeling) [17].

The annual means of each parameter: volume (V), fast 
progressive motility (Ga), progressive motility (PR), total motility 
(TM) and morphology (N), were calculated as the mean of the 
monthly means and the trend line over time was determined; 
changes are expressed as: Pearson’s coefficient (r); statistical 
significance (p<0.05).

Argentine Biochemistry Foundation (FBA) Semen Analysis 
Subprogram for �EQCS started in November 2005. The evaluated 
analytes are morphology, sperm count and motility. Two surveys 
each year are delivered to the participating laboratories, while 
immunological factor is evaluated once a year. The program 
follows the recommendations of the International Federation of 
Clinical Chemistry and Laboratory Medicine (IFCC). 

There are two independent bodies in refer to laboratory 
accreditation in Argentina according to the ISO Norm 15189 
(Specifies requirements for quality and competence particular 
to medical laboratories) [18], the OAA (Organismo Argentino 
de Acreditación) and PAL (Programa de Acreditación de 
Laboratorios). We will report data on the last one in which we 
particularly worked.

RESULTS
Overall demand decreased between 2001 and 2019 

significantly as shown in Figure 1 (-0.65; 0.003), while first-time 
ordered increased (0.83; <0.001) (Figure 2).

The results obtained from the trend lines for each parameter 
were: V (2001-2019) (-0.60; 0.007); Sp/ml (2001-2019) (-0.58; 
0.01), Sp/ey (2001-2019) (-0.79; <0.001), Ga (2001-2019) (0.78; 
<0.001), Ga-subjective (2001- 2010 )(0.36; NS), Ga-SCA (2010-
2019) (0.28; NS), PR (2001-2019) (-0.59; 0.01), PR-SCA (2010-
2019) (-0.53; NS), TM (2001-2019) (0.001, NS), TM-SCA (2010-
2019) (-0.61, NS); N (2001-2019) (-0.83; <0.001), N-CE (2006-
2019) (-0.71; 0.006) (Figures 3-5).

The MAR test and TUNEL requests were maintained over 
time: MAR test (0.28; NS); TUNEL (-0.18; NS).

The number of participant’s laboratories increased steadily 
since 2005, when the Semen EQCS was created (Figure 6). At 
present 146 Laboratories are enrolled. 

The Andrology Laboratory Accreditation Program started in 
2017 in Argentina, only four laboratories achieved the expected 
standards since then. 

DISCUSSION
Our laboratory, immersed in a teaching hospital, works since 

1970 and was pioneer in semen study and andrology specialist 
training. In these last two decades the overall andrology laboratory 
demand diminished while first time ordered increased, probably 
due to greater accessibility to fertility treatments in Argentina 
after National Law of Assisted Fertilization [19] was promulged 
and advances in cryobiology that expanded its scope to couples 
with female factor. The progressive and significant reduction 
in global demand with an increase in diagnosis defined by only 
one study denotes a paradigm shift in the treatment of male 

Figure 1 Patients attending the Laboratory.
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Figure 2 Patients diagnosed by only one study.

Figure 3 Evolution of sperm count over time. Sperm concentration (Sp/ml) and total number of spermatozoa per ejaculate (Sp/ey).

Figure 4 Evolution over time of sperm motility. Fast progressive motility (Ga), progressive motility (PR), total motility (TM). The vertical line indicates the change in 
methodology.
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Figure 5 Evolution over time of sperm morphology. The vertical line indicates the change of criteria.

Figure 2 Evolution over time of the Semen Analysis EQCS.

factor, replacing medical and surgical procedures with assisted 
fertilization techniques.

The androgen-dependent parameters decreased over the 
years. We refer to sperm count and volume and attribute it to 
lifestyle changes that expose men to endocrine disruptors with 
epigenetic impact. A decrease in two million average sperm per 
ejaculate each year was observed in our population, data that are 
in accordance with those recently reported by Levine et al., [20].

There were two methodological milestones with an impact 
on the results. The first one was the incorporation of the strict 
criteria for morphology (2006), which decreased the percentage 
of normal forms [21]. The second was the acquisition of the 
CASA system (2010), which made it possible to objectify sperm 
speeds. The correct measurement of velocity allowed the 
sperm kinetics to be classified more accurately into its different 
motion characteristics (Ga, Gb, Gc and Gd subtypes), which was 

evidenced by an increase in the percentage of rapidly progressive 
sperm (Ga).

We seriously believe that WHO Manual 2021[14] proposal 
to return to the old characterization of sperm according to 
their swimming velocity (Rapid Progressives ≥ 25μm/s) is 
accurate. In our opinion, this parameter is essential, but it can 
only be evaluated using CASA [22] systems, since the subjective 
evaluation of these parameters, which requires estimation of 
swimming speed, is susceptible to errors and generates high 
coefficients of variation that ultimately end up in reducing the 
clinical value of the parameter [23].

Orders numbers for TUNEL test, for the study of DNA 
fragmentation, sustained over time, probably since it is 
considered a good predictor for “in vitro” fertilization outcome 
by the physicians.

Semen analysis is the first and main tool for evaluating male 
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fertility potential. The accuracy of the results depends on the 
employment of standardized methods, periodically audited and 
subjected to quality control. Uncontrolled techniques significantly 
influence the reliability of semen analysis results and may lead to 
delayed or inappropriate treatments.

CONCLUSION
In regard to Quality Assurance our results reflect a high 

Laboratory adherence to the Semen EQCS in spite of the fact that 
it is not mandatory in Argentina. Laboratories Accreditation [24] 
is a voluntary process in our country; it is very laborious and 
expensive. More beyond that it is yet not fully recognized by the 
health community. These statements may justify the low number 
of accredited laboratories shown in this report. In our opinion, 
it is a gradual educational process that tends to continuous 
improvement.

AUTHOR CONTRIBUTION STATEMENT
1. Bioq. Esp. Julia Irene Ariagno

Have made a substantial contribution to the design, data 
collection, analysis, and interpretation of data for the article.

2. Bioq. Esp. Patricia Chenlo

Have made a substantial contribution to the design, data 
collection, data analysis and drafting the article.

3. Bioq. Esp. Susana Curi

Have made a substantial contribution to the design, data 
analysis, drafting the article and critical revision of the article.

4. Bioq. Esp. Gabriela Mendeluk

Have made a substantial contribution to the design, data 
analysis, drafting the article and critical revision of the article. 
Approved the version to be published

REFERENCES
1. Barnhart KT. The evolution of Fertility and Sterility. Fertil Steril. 2021; 

116: 1.

2.  Hamberger L, Wikland M. Nobel prize to Robert Edwards. Acta Obstet 
Gynecol Scand. 2010; 89: 1502-3. 

3. Kovačič B, Prados FJ, Plas C, Woodward BJ, Verheyen G, Ramos L, et 
al. ESHRE Clinical Embryologist certification: the first 10 years. Hum 
Reprod Open. 2020; 2020: hoaa026.

4. Geyter DC. More than 8 million babies born from IVF since the world´s 
first in 1978. Hum Reprod. 2018; 33: Suppl 1: 405.

5. Palermo G, Joris H, Devroey P, Steirteghem ACV. Pregnancies after 
intracytoplasmic injection of single spermatozoon into an oocyte. 
Lancet. 1992; 340: 17-8. 

6. Lemmens L, Kos S, Beijer C, Braat DDM, Jonker MA, Nelen WLDM, et al. 
Optimization of laboratory procedures for intrauterine insemination: 
survey of methods in relation to clinical outcome. Andrology. 2018; 
6: 707–713. 

7. Sunder M, Leslie SW. Semen Analysis. In: Stat Pearls. Treasure Island 
(FL), Stat Pearls Publishing. 2022.

8. 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.

9. ISO 15189:2012 - Medical Laboratories - Requirements for Quality 
and Competence. 2022.

10. Barazani Y, Katz BF, Nagler HM, Stember DS. Lifestyle, environment, 
and male reproductive health. Urol Clin North Am. 2014; 41: 55-66.

11. World Health Organization. WHO Laboratory Manual for the 
Examination of Human Semen and Sperm-cervical Mucus Interaction. 
3rd edn. Published on behalf of the World Health Organization by 
Cambridge University Press, Cambridge, England, New York, USA. 
1992.

12. World Health Organization. WHO Laboratory Manual for the 
Examination of Human Semen and Sperm-cervical Mucus Interaction. 
4th edn. Published on behalf of the World Health Organization by 
Cambridge University Press, Cambridge, UK, New York. 1999.

13. World Health Organization. Laboratory Manual for the Examination 
and Processing of Human Semen. 5th edn. World Health Organization. 
Geneva. 

14. World Health Organization. WHO laboratory manual for the 
examination and processing of human semen. 6th edn. World Health 
Organization. Geneva. 2021. 

15. Chenlo PH, Ariagno JI, Pugliese MN, Repetto H, Segovia LMS, Mendeluk 
GR, et al. Study of human semen: implementation of an objective 
method. �Acta Bioquím Clín Latinoam. 2013; 47: 61–9.

16. Jager S, Kremer J, Slochteren-Draaisma TV. A simple method of 
screening for anti-sperm antibodies in the human male. Detection of 
spermatozoal surface IgG with the direct mixed antiglobulin reaction 
carried on untreated fresh human semen. Int J Fertil. 1978; 23: 12-21.

17. Muratori M, Forti G, Baldi E. Comparing flow cytometry and 
fluorescence microscopy for analyzing human sperm DNA 
fragmentation by TUNEL labeling. Cytometry A. 2008; 73: 785-7.

18. ISO 15189. Specifies requirements for quality and competence 
particular to medical laboratories. ISO Geneva. Switzerland. 2012; 
1–58.

19. Ley 26862 de Acceso integral a los procedimientos y técnicas médico-
asistenciales de reproducción médicamente asistida. 

20. Levine H, Jørgensen N, Anderson MA, Mendiola J, Weksler-Derri D, 
Jolles M, et al. Temporal trends in sperm count: a systematic review 
and meta-regression analysis of samples collected globally in the 20th 
and 21st centuries. Hum Reprod Update.2022; 1–20.

21. Ariagno J, Curi SM, Chenlo P, Repetto H, Pugliese MN, Palaoro LA, et 
al. Our experience in sperm morphology assessment. Asian J Androl. 
2010; 13: 201-2.

22. Ariagno JI, Mendeluk GR, Furlan MJ, Sardi M, Chenlo P, Curi SM, et al. 
Computer-aided sperm analysis: a useful tool to evaluate patient’s 
response to varicocelectomy. Asian J Androl. 2017; 19: 449-452.

23. Chenlo P, Curi S, Ariagno J, Etchegoyen C, Girardi R, Mendeluk G. 
Analytical quality specifications in semen analysis according to the 
state of the current methodologies. Clin Chem Lab Med. 2022; 60: 
1403-1408.

24. Chenlo P, Curi SM, Pugliese MN, Avendaño C, Munuce MJ, Ariagno JI, 
et al. Acreditación de los laboratorios de Andrología en la República 
Argentina. Acta Bioquím Clín Latinoam. 2019; 53: 315-321.

https://pubmed.ncbi.nlm.nih.gov/34148580/
https://pubmed.ncbi.nlm.nih.gov/34148580/
https://pubmed.ncbi.nlm.nih.gov/21080897/
https://pubmed.ncbi.nlm.nih.gov/21080897/
https://pubmed.ncbi.nlm.nih.gov/32864474/
https://pubmed.ncbi.nlm.nih.gov/32864474/
https://pubmed.ncbi.nlm.nih.gov/32864474/
https://pubmed.ncbi.nlm.nih.gov/1351601/
https://pubmed.ncbi.nlm.nih.gov/1351601/
https://pubmed.ncbi.nlm.nih.gov/1351601/
https://pubmed.ncbi.nlm.nih.gov/29959833/
https://pubmed.ncbi.nlm.nih.gov/29959833/
https://pubmed.ncbi.nlm.nih.gov/29959833/
https://pubmed.ncbi.nlm.nih.gov/29959833/
https://pubmed.ncbi.nlm.nih.gov/33232039/
https://pubmed.ncbi.nlm.nih.gov/33232039/
https://pubmed.ncbi.nlm.nih.gov/34430409/
https://pubmed.ncbi.nlm.nih.gov/34430409/
https://pubmed.ncbi.nlm.nih.gov/34430409/
https://pubmed.ncbi.nlm.nih.gov/34430409/
https://www.iso.org/standard/56115.html
https://www.iso.org/standard/56115.html
https://pubmed.ncbi.nlm.nih.gov/24286767/
https://pubmed.ncbi.nlm.nih.gov/24286767/
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://assets.cambridge.org/97805216/45997/sample/9780521645997WSC00.pdf
https://apps.who.int/iris/handle/10665/44261
https://apps.who.int/iris/handle/10665/44261
https://apps.who.int/iris/handle/10665/44261
https://www.who.int/publications/i/item/9789240030787
https://www.who.int/publications/i/item/9789240030787
https://www.who.int/publications/i/item/9789240030787
http://www.scielo.org.ar/pdf/abcl/v47n1/v47n1a09.pdf
http://www.scielo.org.ar/pdf/abcl/v47n1/v47n1a09.pdf
http://www.scielo.org.ar/pdf/abcl/v47n1/v47n1a09.pdf
https://pubmed.ncbi.nlm.nih.gov/30704/
https://pubmed.ncbi.nlm.nih.gov/30704/
https://pubmed.ncbi.nlm.nih.gov/30704/
https://pubmed.ncbi.nlm.nih.gov/30704/
https://pubmed.ncbi.nlm.nih.gov/18636473/
https://pubmed.ncbi.nlm.nih.gov/18636473/
https://pubmed.ncbi.nlm.nih.gov/18636473/
https://www.qal-iran.ir/WebsiteImages/iso/18.PDF
https://www.qal-iran.ir/WebsiteImages/iso/18.PDF
https://www.qal-iran.ir/WebsiteImages/iso/18.PDF
https://e-legis-ar.msal.gov.ar/htdocs/legisalud/migration/html/21207.html
https://e-legis-ar.msal.gov.ar/htdocs/legisalud/migration/html/21207.html
https://pubmed.ncbi.nlm.nih.gov/36377604/
https://pubmed.ncbi.nlm.nih.gov/36377604/
https://pubmed.ncbi.nlm.nih.gov/36377604/
https://pubmed.ncbi.nlm.nih.gov/36377604/
https://www.researchgate.net/publication/47791840_Our_experience_in_sperm_morphology_assessment
https://www.researchgate.net/publication/47791840_Our_experience_in_sperm_morphology_assessment
https://www.researchgate.net/publication/47791840_Our_experience_in_sperm_morphology_assessment
https://pubmed.ncbi.nlm.nih.gov/27101803/
https://pubmed.ncbi.nlm.nih.gov/27101803/
https://pubmed.ncbi.nlm.nih.gov/27101803/
https://pubmed.ncbi.nlm.nih.gov/35766060/
https://pubmed.ncbi.nlm.nih.gov/35766060/
https://pubmed.ncbi.nlm.nih.gov/35766060/
https://pubmed.ncbi.nlm.nih.gov/35766060/
https://www.redalyc.org/articulo.oa?id=53562084012
https://www.redalyc.org/articulo.oa?id=53562084012
https://www.redalyc.org/articulo.oa?id=53562084012

	Andrology Laboratory Update
	Abstract
	Introduction
	Materials and Methods 
	Results
	Discussion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Conclusion
	Author contribution statement 
	References

