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Interaction of semen smear preparation method and slide region evaluated affects the probability of detecting morphologically normal sperm
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Abstract

Bull breeding soundness examination (BSE) is important in identifying subfertile bulls, with sperm morphology being a key determinant. It is recommended that eosin-nigrosin stained semen smears are used for sperm morphology assessments. These smears are often made on glass slides with either another slide or a wood applicator. However, evaluation within only 1 smear region may not account for variations across regions that may be influenced by smear method. This may affect sperm evaluation and BSE classification, depending on smear region evaluated. Objective of our study was to determine if normal sperm morphology percentage varies across semen smear and whether smearing method modifies such variation. Coverslipped, stained semen smears were divided into 3 equal zones. Each zone was evaluated independently by experienced evaluators, with nontarget sections masked and each zone assigned a unique identifier to ensure blinding. Of 124 slides assessed, 33 (27%) contained at least 1 zone having a different classification category using a cutoff of 70% morphologically normal sperm. A linear mixed model with percentage of normal sperm as the outcome identified that sperm normality probability decreased from smear initiation site to smear end, with more pronounced effect (p < 0.001) for smears made with wood applicators. Decompositional models were applied to determine the probability of independent defect categories contributing to decreases in normal sperm morphology; most was from midpiece defects. These findings highlighted potential sources of variation in sperm morphology assessment and a need for standardized smear preparation methods.
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Introduction

Bull breeding soundness examination (BSE) is a widely used tool for identifying subfertile bulls, with sperm morphology serving as a key determinant of reproductive potential.1–6 Identifying subfertile bulls is important for beef cattle operations to maximize production and profits.7,8 Society for Theriogenology recommends that eosin-nigrosin stained semen smeared onto slides are used for sperm morphological assessments and evaluated at 1000X magnification.9 Percentage of morphologically normal sperm is typically determined by assessing 100-200 sperm.9,10 However, if sperm are assessed only within 1 smear region, variations across regions in proportion of morphologically normal sperm may not be accounted. Furthermore, studies have identified the possibility that staining and smearing methods create tertiary (i.e. iatrogenic) sperm defects. Prevalence of detached sperm heads increased significantly in stained dry smears compared to wet preparations; differences in acrosomal defects and proximal droplets relative to preparation methods were also observed.11 A more recent study observed differences in major and minor defects (including acrosomes, midpiece, tail and droplet defects) among semen smears observed with bright-field microscopy versus wet mounts observed with differential interference contrast microscopy.12

Heterogenous variations in sperm percent that are abnormal across various regions of a stained semen smear could result in misclassification and compromise BSE’s predictive value. This type of variation could also account for some discrepancies in interevaluator agreement. Cohen’s Kappa coefficients among 3 board certified theriogenologists evaluating same stained bull semen smear slides ranged from 0.32-0.64.10 Although differences in how each evaluator subjectively classified individual sperm may have accounted for some observed disagreement, variations in morphology among various slide regions may have affected interevaluator agreement.

Our objective was to determine whether sperm morphology percentages vary significantly across various regions of stained semen smears made by 2 methods, and whether slide preparation method affects variation across regions. Additionally, we evaluated how often this variation is large enough to impact a bull’s BSE classification (i.e. satisfactory versus unsatisfactory). We hypothesized that sperm morphology percentages vary depending on slide region examined and by slide preparation method.

Materials and methods

Slides with stained bull semen smears evaluated in this study were collected for a separate study at the US Meat Animal Research Center in Clay Center, Nebraska according to USMARC Institutional Animal Care outline number 154.1.13 Slides were selected for analysis if they were coverslipped, contained ≥ 4 cm of legible smear and were legible in all 3 predefined zones. To determine these zones, total length of each smear was measured on each individual slide (from where stained sample began to end, whether smear ended before or at slide end). This length was then divided into 3 equal portions and designated as Zones 1, 2, or 3 (Zone 1: near smear initiation site; Zone 2: mid region; Zone 3: distal region). This individual approach ensured that stained area of each zone was similarly proportionate to total stained area. Two slide smear preparation techniques were evaluated: stick method, where semen was transferred to a glass microscope slide using a clean wooden applicator stick, mixed with eosin nigrosin stain (JorVet J0326S Dead/Live Semen Stain, Jorgensen Laboratories, Loveland, CO, USA) on the slide, then spread to create a smear; pipette method, where a drop of semen was placed on the slide via pipette, mixed with stain and smeared across the slide with another glass slide. After stained smears were dry, they were coverslipped using a xylene based mountant (CoverSealTM-X, Cancer Diagnostics, Durham, NC, USA). Stick method smears were coverslipped immediately after drying whereas pipette method smears were coverslipped 2-8 hours later. Attempts were made to identify semen samples with slides that were made using both methods, though this was not a necessary criterion for inclusion.

Two veterinarians with at least 10 years of BSE experience evaluated semen morphology; they evaluated different sets of slides and therefore interevaluator agreement was not assessed. Prior to allocation, slides were stratified by preparation method to ensure that each evaluator examined roughly equivalent numbers of slides made with each method. Slides were then randomly allocated to each veterinarian to be evaluated in 3 rounds (1 for each zone). Prior to evaluation, masking tape was used to cover original slide identification and the 2 zones not scheduled for evaluation during the corresponding round. For each zone, counts of morphologically normal and abnormal sperm out of 200 were recorded. Both evaluators classified defects as follows:


	Head defects (excluding detached heads and acrosomal defects)

	Midpiece defects (excluding distal midpiece defects and proximal droplets)

	Tail defects

	Detached heads

	Acrosomal defects

	Distal midpiece defects (DMR)

	Proximal droplets

	Other (defects that did not fit well in above categories)



All statistical models were run in R using glmer() function (v4.4.1, R Foundation for Statistical Computing, Vienna, Austria). For the primary objective, a generalized linear mixed-effects model was fit, modeling the probability of sperm normality with fixed effects for slide preparation method and zone, interaction of these effects, and a random intercept for slide to account for within-slide variation. Random effect of evaluator did not contribute significantly to model variance and was not significant as a fixed effect; hence, it was excluded from final model. P-values for pairwise comparisons of modeled results were adjusted using Sidak adjustment. An α of 0.05 was set a priori and used for all statistical tests.

Because statistical model included random intercepts, 2 fixed effects and an interaction term, sample size calculations using a deterministic function were not feasible. To get an estimate for the approximate number of slides needed to detect meaningful differences in sperm morphology assessment, a simulated dataset was created that assumed a 3% difference in normal sperm percentage between at least 2 zones on a slide. Simulated morphology counts were randomly selected from normal distributions centered on means from previously recorded assessments. Normal distributions standard deviation ranged 1-6% depending on slide preparation method and evaluator. Analysis of simulated data identified that counting 200 sperm per zone on 100 slides would yield statistically significant results if an α of 0.05 was set a priori and used for all statistical tests.

Separate generalized linear mixed-effects decomposition models were fit for each category of abnormal sperm to model the probability of a specific abnormality category within abnormal count, with slide preparation method and zone as fixed effects. These models also evaluated the interaction of these effects and had a random intercept for slide. Linear trends for each defect across zones and by preparation method were estimated. With an exception, analyses that evaluated percent contribution of each category of sperm abnormality to overall changes in probability of abnormal sperm, only evaluated mutually exclusive categories. An exception was a decompositional model evaluating the probability of observing any midpiece defect by combining midpiece category with DMR category.

Results

Of 124 slides evaluated, 91 (73%) were prepared by pipette method and 33 (27%) were prepared by stick method. Smear lengths ranged 4.0-5.5 cm with an average length of 4.8 cm; therefore, average zone length evaluated was 1.6 cm. Evaluator A evaluated 45 slides prepared by pipette method and 19 prepared by stick method. Evaluator B evaluated 46 slides prepared by pipette method and 14 prepared by stick method. There were 12 bulls with semen samples that were smeared by both methods (24 slides total).

Twenty-seven percent (33 of 124) of slides contained at least 1 zone that would have resulted in a different BSE classification than other zones of the same slide using a cutoff of 70% morphologically normal sperm to be classified as satisfactory. Largest discrepancy in crude normal morphology percentage observed was 43% (Figure 1).

Figure 1.A heat map of differences in percentage of normal sperm across 3 zones of each slide. Darker colors represent larger differences. Bold slide numbers indicate the classification category discrepancy of pass or fail among zones within same slide, based on a cutoff of 70% normal sperm
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Statistical modelling of sperm normality revealed an interaction effect (p < 0.001) between slide preparation method and zone (Figure 2). There was also a main effect (p < 0.001) observed for zone, though no effect (p = 0.07) was detected for slide preparation method. Probability of sperm normality decreased as zones progressed from smear initiation site to distal zones (i.e. in the direction the smear was made) and was more pronounced for stick method.

Figure 2.Predicted probability of morphologically normal sperm by slide smear zone and preparation method. Bar heights represent model-adjusted probabilities (error bars represent 95% confidence intervals) of observing normal sperm in Zones 1 (near inoculation site), 2 (mid region) and 3 (distal region). Bars are grouped by slide preparation method. Bars with different superscripts represent significantly different probabilities after a Sidak correction for multiple comparisons
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Decomposition modelling of the probability of abnormal sperm category within total number of abnormal sperm identified midpiece defects (including DMRs) accounting for most (~ 50%) of the differences in abnormal sperm from Zones 1-3 between stick and pipette methods (Table 1). Defects for which method modified the probability of detection across zones were all midpiece defects (p = 0.03), tail defects (p < 0.001) and others (p = 0.01). Although there was a main effect of zone on head defects (p < 0.001), detached heads (p < 0.001) and proximal droplets (p = 0.04), interactions of zone and method was not significant for these defects (Table 2).




Table 1.Overall contribution of each defect to the difference in probability of abnormal sperm across zones slide between stick and pipette methods; each reported value indicates the percentage of each abnormality’s contribution to the total difference between methods


	Abnormality
	Percent of contribution to all variation in abnormal sperm





	Head (Detached & acrosome excluded)
	8.9



	Detached Head
	24.1



	Acrosome
	1.1



	Midpiece (DMR excluded)
	31.2



	DMR
	21.4



	Proximal droplet
	5.6



	Tail
	6.9



	Other
	0.9








Table 2.Comparison of linear trends across zones of a stained bull semen smear in the odds of normal sperm. The odds ratios (OR) represent the linear relative change in the odds of identifying a given defect among abnormal sperm across zones of the slide


	Defect
	Effect
	LogOR
	Standard Error
	OR
	p-value





	Head
	stick method
	0.608
	0.091
	1.84
	< 0.001



	pipette method
	0.469
	0.054
	1.6
	< 0.001



	zone x method interaction
	0.3



	Detached Head
	stick method
	–0.906
	0.087
	0.4
	< 0.001



	pipette method
	–0.805
	0.053
	0.45
	< 0.001



	zone x method interaction
	0.3



	Acrosome
	stick method
	–0.191
	0.311
	0.83
	0.5



	pipette method
	0.168
	0.221
	1.18
	0.5



	zone x method interaction
	0.3



	Midpiece (excluding DMR)
	stick method
	1.04
	0.087
	2.83
	< 0.001



	pipette method
	0.379
	0.052
	1.46
	< 0.001



	zone x method interaction
	< 0.001



	DMR
	stick method
	–0.789
	0.118
	0.45
	< 0.001



	pipette method
	0.083
	0.074
	1.09
	0.3



	zone x method interaction
	< 0.001



	Proximal droplet
	stick method
	–0.245
	0.117
	0.78
	0.04



	pipette method
	–0.222
	0.077
	0.8
	0.004



	zone x method interaction
	0.9



	All Midpiece
	stick method
	0.554
	0.078
	1.74
	< 0.001



	pipette method
	0.359
	0.048
	1.43
	< 0.001



	zone x method interaction
	0.03



	Tail
	stick method
	–0.805
	0.258
	0.45
	0.002



	pipette method
	0.227
	0.123
	1.26
	0.06



	zone x method interaction
	< 0.001



	Other
	stick method
	–1.44
	0.326
	0.24
	< 0.001



	pipette method
	–0.447
	0.221
	0.64
	0.04



	zone x method interaction
	0.01





Discussion

Our findings demonstrated that sperm morphology assessments can be influenced by smear region, and that preparation method can modify this effect. It is unclear why these effects were particularly pronounced for some defects. It is possible that sperm midpiece abnormalities may make them more prone to attach to the smearing device, resulting in these defective sperm being more likely to be dragged to the distal smear end. This effect might be particularly pronounced when a wooden applicator is used, because wood fibers may be more likely to gain purchase on defective midpieces. This rationale may also explain why detached heads were more likely to be observed in proximal zones. If smearing device is more likely to gain purchase on midpiece, and connection between midpiece and head is weak, then detached head would be left behind as midpiece is dragged toward the distal end. Regardless, there are insufficient data in this study to test these hypotheses further; authors are unaware of literature that confirms whether defective midpieces are more likely to attach to smearing devices. Further research is needed to elucidate mechanisms behind observed effects.

It is less clear why head defects on fully intact sperm would be more likely to be observed distally. One possible explanation would be sperm with defective heads being more buoyant than normal sperm and therefore riding higher in the wave of stained semen as it is smeared across the slide. Although this could theoretically be true, density of bull sperm may vary based on several factors including stain osmolarity and sperm viability.14 Therefore, these rationale remain largely speculative.

Another factor that may have contributed to variation in morphology assessment across the slide was the number of sperm per high power field. In semen samples that were highly concentrated, excessive numbers of sperm in the viewing field may have resulted in some abnormalities being obscured or difficult to observe. If concentration of semen decreased as the smear was drawn out, this may have led to more defects observed in distal zones. Notwithstanding, including the effect of individual slide as a random variable in the statistical models should have accounted for the variation in morphology across zones that was dependent on individual slide characteristics.

These findings highlighted the importance of standardized techniques in semen analysis to ensure accurate and reliable results. Survey data from practitioners in southeastern US had gross inconsistencies in the methods used to evaluate sperm morphology.15 Even when methods are relatively uniform, differences in interevaluator agreement may also produce discrepancies in results.10,16 A possible solution would be increased use of automated semen analysis and flow cytometry. Computer assisted semen analysis platforms have been commercially available for several years.17 However, their use in BSE has traditionally been limited by cost and laboratory/technician requirements.18 Newer, less-expensive models designed for chute-side have been produced, though they currently only provide detailed analysis on density and motility, but not accurate assessments of morphology.19–22 Notwithstanding, advances in machine-learning and computer vision may result in algorithms capable of accurately assessing sperm morphology in a high throughput manner, thereby having standardized and objective spermiogram analysis with higher statistical power for quantifying sperm normality.23,24 In scenarios where only manual methods are available, guidelines on which/how many regions of the smear to evaluate may also decrease test variability. Wet fixation of semen with neutral buffered formalin and evaluation with phase microscopy may also bypass potential issues associated with evaluating stained semen smears.

Although this study provided a detailed examination of various zones’ impact and preparation methods on sperm morphology percentages, it is not without limitations. Bulls evaluated may not fully represent bull populations’ diversity and semen smears may not be representative of smears made by other practitioners. Additionally, samples were not collected specifically with this study’s objectives in mind and therefore data should be considered observational rather than experimental.

Future research should include a broader range of samples and consider other factors (e.g. sperm concentration, stain quality) that may influence sperm morphology assessments and explore underlying mechanisms that contribute to observed variations.

Conclusion

Differences in sperm morphology assessment among regions of a stained semen smear slide may affect a bull’s morphology classification; specific region of slide evaluated affected morphology percentage, with distal region having a lower normal morphology percentage. This effect was modified by the staining/smearing method, with stick method resulting in a more marked decrease in normal morphology percentage moving proximally to distally. Furthermore, midpiece defects appeared to have contributed most to the decreasing normal morphology associated with interaction of slide region and smearing method.

Acknowledgements

US Meat Animal Research Center for sample contribution; Dr. Brian Vander Ley, University of Nebraska-Lincoln’s Great Plains Veterinary Education Center, Beef Cattle Population Health and Reproduction Program at Mississippi State University for sample collection. Mrs. Karen Shuck for slide preparation.

Funding

Scholars Program of Boehringer Ingelheim Veterinary and Kansas State’s Veterinary Research Scholars Program and Beef Cattle Institute. Agricultural and Food Research Initiative (2018-69003-28706); USDA National Institute of Food and Agriculture.

Conflict of interest

Authors have no conflicts of interest to disclose.

Authors’ contributions and declaration

SN, SH, TG contributed to the experiment design and methods, implemented experiments and collected data, interpreted analyzed data; SN drafted the initial manuscript; and TG edited the draft. All authors have read and approved the final version of the manuscript.

Statement on the use of generative large language models and other artificial intelligence

Generative large language models (e.g. Chat GPT, OpenAI, San Francisco, California; Notebook LM, Alphabet, Mountain View, California) were used for the development of code for data analyses, to evaluate and summarize reference material and to assist with manuscript preparation (e.g. editing text for conciseness and clarity). Notwithstanding, the investigators take full responsibility and ownership for study design, analysis and interpretation of results.

References



	1.	Wiltbank JN, Rowden WW, Ingalls JE: Relationship between measures of semen quality and fertility in bulls mated under natural conditions. Res Bull Agric Exp Stn 1965;224.



	2.	Wiltbank JN, Parish NR: Pregnancy rate in cows and heifers bred to bulls selected for semen quality. Theriogenology 1986;25:779-783. doi: 10.1016/0093-691X(86)90093-2



	3.	Farin PW, Chenoweth PJ, Tomky DF, et al: Breeding soundness, libido and performance of beef bulls mated to estrus synchronized females. Theriogenology 1989;32:717-725. doi: 10.1016/0093-691x(89)90460-3



	4.	Coulter GH, Kozub GC: Efficacy of methods used to test fertility of beef bulls used for multiple-sire breeding under range conditions. J Anim Sci 1989;67:1757-1766. doi: 10.2527/jas1989.6771757x



	5.	Whitworth WA, Forrest DW, Sprott LR, et al: Case study: influence of seminal, physical, and mating behavior traits of bulls on number of calves sired per bull in a multisire herd. Prof Anim Sci 2008;24:184-188. doi: 10.15232/S1080-7446(15)30834-2



	6.	Fitzpatrick LA, Fordyce G, McGowan MR, et al: Bull selection and use in northern Australia Part 2. Semen traits. Anim Reprod Sci 2002;71:39-49. doi: 10.1016/s0378-4320(02)00024-6



	7.	Menegassi SRO, Barcellos JOJ, Lampert VdN, et al: Bioeconomic impact of bull breeding soundness examination in cow-calf systems. Rev Bras Zootec 2011;40:441-447. doi: 10.1590/S1516-35982011000200028



	8.	Gunderson TG, Kim KN, Coatney KT, et al: To BSE or not to BSE: a capital budgeting analysis of the use of the bull breeding soundness (BSE) to improve reproductive efficiency and profitability in cow-calf herds. Transl Anim Sci 2025;9(txaf024):1-11. doi: 10.1093/was/txaf024



	9.	Koziol JH, Armstrong CL: Society for Theriogenology Manual for Breeding Soundness Examination of Bulls. 2nd edition, Pike Road, AL; Society for Theriogenology: 2018.



	10.	Reeves A, Klabnik J, Strickland L, et al: Bull sperm morphology assessment varied by evaluator. Clinical Theriogenology 2022;14:11-17. doi: 10.58292/ct.v14.9293



	11.	Sekoni VO, Gustafsson BK, Mather EC: Influence of wet fixation, staining techniques, and storage time on bull sperm morphology. Nord Veterinærmedicin 1981;33:161-166.



	12.	Freneau GE, Chenoweth PJ, Ellis R, et al: Sperm morphology of beef bulls evaluated by two different methods. Anim Reprod Sci 2010;118:176-181. doi: 10.1016/j.anireprosci.2009.08.015



	13.	Gunderson TG, Vander Ley BL, Shuck KK, et al: Diagnostic performance of semen morphologic examination in the bull breeding soundness evaluation. Bov Pract 2026;60:12-21. doi: 10.21423/bpj20269279



	14.	Hough SR, Foote RH: Effect of density gradient osmolality on specific gravity of bull sperm and their separation, but not on the basis of sex. J Reprod Dev 2002;48:399-407. doi: 10.1262/jrd.48.399



	15.	Gunderson TG, Jumper WI, King EH, et al: A survey of Southeast U.S. beef veterinarians regarding methods for bull breeding soundness evaluation. Bovine Pract 2024;58:51-62. doi: 10.21423/bovine-vol58no1p51-62



	16.	Brito LFC: A multilaboratory study on the variability of bovine semen analysis. Theriogenology 2016;85:254-266. doi: 10.1016/j.theriogenology.2015.05.027



	17.	DeJarnette JM, Harstine BR, McDonald K, et al: Commercial application of flow cytometry for evaluating bull sperm. Anim Reprod Sci 2022;246:106838. doi: 10.1016/j.anireprosci.2021.106838



	18.	Amann RP, Waberski D: Computer-assisted sperm analysis (CASA): capabilities and potential developments. Theriogenology 2014;81:5-17.e3. doi: 10.1016/j.theriogenology.2013.09.004



	19.	Moraes CR, Runcan EE, Blawut B, et al: Technical note: the use of iSperm technology for on-farm measurement of equine sperm motility and concentration. Transl Anim Sci 2019;3:1513-1520. doi: 10.1093/tas/txz115



	20.	Dini P, Troch L, Lemahieu I, et al: Validation of a portable device (iSperm® ) for the assessment of stallion sperm motility and concentration. Reprod Domest Anim 2019;54:1113-1120. doi: 10.1111/rda.13487



	21.	Bulkeley E, Collins C, Foutouhi A, et al: Assessment of an iPad-based sperm motility analyzer for determination of canine sperm motility. Transl Anim Sci 2021;5. doi: 10.1093/tas/txab066



	22.	Ogg M, Sanford C: The iSperm: A Potential Alternative for On-Ranch Bull Semen Analysis. MSU Extension Animal and Range Sciences. Available from: https://animalrangeextension.montana.edu/beef/mooving-minutes/isperm-3.21moo.html [cited 21 October 2023].



	23.	Ari U: Development of artificial intelligence and deep learning-based systems in sperm analysis. Proc 78th National Congress of the Italian Society of Veterinary Sciences/Turkish-Italian Animal Reproduction Congress (SISVET/TIAR) 2025; p. 1-7.



	24.	Urli S, Corte Pause F, Dreossi T, et al: Evaluation of an artificial intelligence system for bull sperm morphology evaluation. Theriogenology 2025;245:117504. doi: 10.1016/j.theriogenology.2025.117504




OPS/CT-18-14595-F1.jpg
Side Zi/z2zVic3Z2/z3  Siide ZVzzzl/z3 2223
63 [il5] 3 8.
64 75

65 35

66
67
68
69
70
7
72
73
74
3
76
7
78
79
8
8
82
83
8
85
e
87
88
8
%
91
92
93
%
9

Difference (%)

30
20
10
5

51 05 25 3 13






OPS/CT-18-14595-F2.jpg
Slide Preparation Method: [Jli] Stick [li] Pipette

B

©
o
=
o
°

of normal sperm
g8
=
°
=
°

>

S

2
2
o
£
2
33
§ux
=

B

1 2
P T A





OPS/CoverDesign.jpg
Society for

() Theriogenology QMCT '

xy Professionals Dedicated to Anfmal Roproduction R TET

Interaction of semen smear preparation method
and slide region evaluated affects the probabi
of detecting morphologically normal sperm
Shelby Noel, Shaun Huser and Todd Gunderson

2026
Volume 18





