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Round cells in seminal fluid are defined as either leucocytes or immature germ cells.
Laboratories undertaking semen analysis often report these combined as a
concentration, with no further review, comment or direction for clinician action or
review. Although numerous publications discuss the possible clinical relevance of
these cells (particularly leucocytes) in infertility, the methods employed to differentiate
them are often beyond the scope of most diagnostic laboratories. This paper aims to
support healthcare scientists in understanding the clinical significance of round cells and
aid their identification, differentiation and interpretation. This will support the quality of
care the patient receives and direct clinicians to further considerations that may be
appropriate for their patient and should consequently reduce indiscriminate and
unnecessary use of antibiotics.
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INTRODUCTION

The first World Health Organisation (WHO) Laboratory manual for the examination of human semen
and sperm-cervical mucus interaction was introduced in 1980 (1), and the sixth edition, now entitled
WHO laboratory manual for the examination and processing of human semen, (WHO 2021) was
released in July 2021 (2). Whilst most laboratories will align diagnostic semen analysis (DSA) with
current WHO guidelines, DSA techniques and clinical treatment have barely progressed compared
with the advancement in research surrounding cellular and molecular sperm function (3).

WHO 2021 covers all aspects of semen analysis, alongside additional “optional” tests. The
estimation of round cell concentration is included in some basic semen analysis procedures.
Leucocytes and immature germ cells present in semen are collectively defined as “round cells”
(2). Leucocytes, otherwise known as white blood cells, include granule-containing neutrophils,
eosinophils and basophils, along with lymphocytes (T and B cells) and monocytes (precursors of
macrophages), all which play a vital role in the body’s immune system (4). Germ cells are defined as
the precursors of gametes, for example, spermatocytes in spermatogenesis (2). WHO 2021 details
methods for round cell concentration estimation, and further specific techniques for the
confirmation of these cell types. These include immunocytochemistry using peroxidase activity
for leucocyte recognition (2). The manual acknowledges the difficulties in interpreting the clinical
significance of the identification of leucocytes in semen.

There are difficulties associated with round cells from not only a laboratory perspective but also
clinically. Differentiating round cells into leucocytes and germ cells requires expertise, and clinically,
the impact on fertility and any subsequent actions have not been clearly defined for laboratory or
clinician use.
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This paper aims to review the possible importance of
recognising round cells, differentiating between cell types and
to address this from both a laboratory and clinical perspective.

THE IMPORTANCE OF LEUCOCYTES IN
THE IMMUNE RESPONSE AND ITS
RELATION TO SEMEN
It is useful to understand the origins of blood cell lineage to
comprehend the significance of leucocytes in blood and semen.
Blood lines originate from haemocytoblasts, the multipotential
haematopoietic stem cells residing in the bone marrow within
central bone cavities (medulla) (5). These differentiate into one of
two cell lines: myeloid or lymphoid progenitors. Themyeloid cell line
gives rise to erythrocytes, mast cells and the granule-containing cells
(basophils, neutrophils, eosinophils, monocytes and macrophages) as
well as megakaryocytes. The lymphoid cell line gives rise to the
natural killer cells (NKC), T and B lymphocytes and plasma cells.

Leucocytes are normally present in semen and constitute 13%
of non-spermatozoan cells, with differential proportions being
neutrophils 12%, macrophages 0.9% and lymphocytes 0.1% (6).

During an infection, the human body mounts a defence that
responds to the type and pathogenesis of the infective agent. The
presence of >1 × 106/ml leucocytes in semen is usually assumed to
signify a genitourinary (GU) tract infection, accessory gland infection
or inflammatory process (7, 8). The reported prevalence of
bacteriospermia varies widely (6–68%) (9) but in approximately
50–80% of leucocytospermic samples, no microbial infection can
be found (10). There are limitations with routine microbiological
culture; standard operating procedures (for example UK Standards
for Microbiology Investigations (11)) and associated interpretative
guidelines are often limited and do not include uncommon
pathogens and other infective agents as well as the normal rich
seminal fluid microbiome. Multiplex PCR and next generation
sequencing techniques have begun to yield more information (9, 12).

Where present, bacterial causes for prostatitis regularly include
Escherichia coli, Pseudomonas aeruginosa, Klebsiella, Enterococcus,

Enterobacter, Proteus and Serratia species (13). The most commonly
found organisms in semen cultures appear to originate from skin
flora contamination (14–16) with a proportion of symptomatic
prostatitis patients testing positive for Escherichia coli (13). In
male accessory gland (seminal vesicles, prostate and bulbourethral
gland) infections (MAGI), there is often associated leucocytospermia,
an increase in reactive oxygen species (ROS) and a decrease in sperm
quality and function (17, 18). Clinically, the presence of infection in
the accessory glands can lead to obstruction, orchitis and impairment
of seminal fluid production (17). Ejaculatory duct obstruction (EDO)
may be apparentwhen analysing a semen sample, as demonstrated by
a combination of low seminal pH, low volume and azoospermia. In
addition to E.coli, several organisms may contribute to MAGI,
including gram-negative bacteria Neisseria gonorrhoea, Chlamydia
trachomatis, Ureaplasma urealyticum and the fungal infection
Candida albicans (17, 18).

In the event of a bacterial infection, the immune response may
initiate any of three main modes of defence: complement pathway,
phagocytic initiation and cell-mediated immunity (part of the
innate immune response) (19). There is evidence that bacterial-
induced UTIs rely heavily on initial neutrophil recruitment in
response to epithelial cell chemokine production (20). Neutrophils
are classed as peroxidase positive cells. Peroxidase positivity is
limited to granulocytes that have intrinsic myeloperoxidase (MPO)
(21). MPO is important as it oxidises substances including chloride
ions (Cl−) and bromide ions (Br−) into reactive products including
non-radicals such as hypochlorous acid (HOCL) as well as radicals
(molecules that contain at least one unpaired electron) (21).
Neutrophils are also able to use a nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase complex, Nox2, to
give rise to oxidative bursts of superoxides (21). These systems
are complex but aid in the destruction of invading microorganisms
within phagosomes, change the behaviour of other cells in the
vicinity and cause inflammation. These cells are not necessarily
associated with an immune response to an initial viral infection.

Infections from viruses originate from the urethra or from the
vascular system during an infection (22). Influenza, for example, has
been investigated thoroughly for its impact on sperm parameters

TABLE 1 | Key minimal health questions to consider for semen analysis with fertility investigations.

Question Justification

Have you had any illnesses within the past 6 months? To ascertain if any febrile illnesses or other infections that may contribute to sperm quality and findings (38).

How often do you ejaculate through either sexual intercourse or
masturbation?

Discussed within text.

Have you had any surgery? Some abdominal surgery may cause disruption or the reproductive tract. At the very least, the surgery
may have been due to a GU issue.

Have you ever had any cancer treatment? Cancer treatment may include the use of cytotoxic drugs. These can induce severe oligozoospermia,
azoospermia or an increase in germ cell populations (35).

Do you take any recreational drugs, smoke or drink alcohol? Several studies document the effects of recreational drugs and alcohol on sperm parameters and
round cells (39–42). The use of these drugs may also impact sexual and endocrine function.

Have you been diagnosedwith any conditions? This may be genetic or
otherwise.

This is an open question but can be tailored and adapted depending on the service. It is aimed at
understanding if there are any issues that may impact fertility or findings in semen.
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specifically due to the febrile aspect of the infection. There is evidence
showing the presence of round cells in semen following a fever (23)
and other evidence suggests that viral infections may result in
leucocyte presence in human semen (24, 25). Viral infections can
lead to several immune responses including class I major
histocompatibility complex protein (MHC class I) initiation and
the destruction by cytotoxic T cells; recruitment of natural killer cells
(for when viruses are evading the MHC Class I complex pathway);
interferon production; antibodies and phagocytosis (26). The
evidence is limited in the appearance of leucocytes in semen
following an infection external to the urothelial tract, but this
should be considered, especially with the latter end-phase of viral
infections being humoral antibody production from B lymphocytes.

In post-vasectomy samples, the number of white blood cells in
semen decreases by 85–90%, possibly indicating that the vast
majority of leucocytes originate from the testis and epididymis
(22). A small population of leucocytes is considered normal and
are probably involved in the elimination of degenerating cells
(27), but it is suggested they are necessary for sperm function, as
abnormally low numbers of leucocytes in the semen negatively
affect fertilisation capacity in in-vitro fertilisation (28) and sperm
capacitation is regulated by low levels of ROS produced by
leucocytes in addition to sperm (29).

ROS remain an important aspect of male fertility research and
discussions. ROS are highly reactive oxidising agents that potentially
impact sperm quality and function (30). It is important to note that
other sources of ROS in human ejaculate exist outside of leucocytes,
including damaged sperm, immature sperm and germ cells (31). As
well as being necessary for normal sperm function, they can result in
oxidative stress (OS) when there is an imbalance in the redox system
in humans. The impact of an over-production of ROS can cause lipid
peroxidation, decrease in sperm motility, increase in DNA sperm
fragmentation and sperm apoptosis (32).

THE PRESENCE OF SPERM CELL
PROGENITORS IN SEMEN

The other subset of “round cells” that must be considered is germ
cells, which are present from spermatogenesis (the process whereby
immature germ cells, spermatogonia, differentiate into
spermatozoa) (33). The process of spermatogenesis involves
mitosis, meiosis, spermiogenesis, spermiation and release, and
has been extensively covered in andrology literature. Germ cells

have been stated as being the predominant cell types when round
cells are detected, and have been reported as constituting 84% of
non-spermatozoan cells, (respectively 43% anucleate bodies, 22.2%
spermatids, 18.8% spermatocytes plus anucleate bodies with
organelles) (6), although no normal levels have officially been
defined for reference (24). It has been suggested that the
emergence of round cells, particularly germ cells, may be the
result of failed spermiogenic completion or active regeneration
of the epithelium after transient attacks such as that from
influenza (34). There may also be an increase in germ cell
shedding with testicular maturation arrest. Here, during early
arrest, germ cells do not progress past the primary spermatocyte
level and in late arrest, germ cells do not progress past the round
spermatid level (35). A depletion in the supply of mature sperm
along with a higher relative percentage of immature sperm and
germ cells has also been noted in men with prolonged frequent
ejaculations (36), which can be due to severe masturbation
compulsion (37) or misinformation regarding intercourse
frequency when trying to conceive. This is important in
understanding the reasons for the patient’s cause of infertility
and can be confirmed with adequate review of the patient.

SIGNIFICANCE AND CLINICAL
IMPORTANCE OF LEUCOCYTOSPERMIA
IN FERTILITY AND HEALTH ACTIONS TO
CONSIDER

Identification of cells in the semen sample can lead to an
understanding of either current or passing infections along
with information regarding spermatogenesis and lifestyle
factors which may adversely affect fertility. Ideally, round cell
identification should lead to differentiation of germ cells from
leucocytes, followed by review of the patient. All semen samples
should be accompanied by a request form and ideally some key
questions answered regarding the patient’s health relevant for the
test (see Table 1 for considerations). Having a comprehensive
patient discussion prior to the semen analysis will supplement
any findings noted from laboratory tests.

It is vital that genital tract infections are diagnosed using a
combination of accurate history taking alongside symptoms (this
may be complemented by physical examination) (43). Symptoms
may include changes in the voiding process, urethral discharge,
pain (particularly at ejaculation) and testicular/local tenderness.
If a patient is asymptomatic, the identification of infection will be

TABLE 2 | Causes of non-gonococcal urethritis (NGU) in men.

Aetiology of NGU Proportion
of cases (%)

Chlamydia trachomatis 20–50%
Mycoplasma genitalium 10–30%
Ureaplasma urealyticum 5–10%
Trichomonas vaginalis (UK) 1–5%
Urinary tract infection 1–5%
Adenovirus 2–4%
Herpes simplex virus 2–3%
Miscellaneous Less than 5%

TABLE 3 | Causes of leucocytes and germ cells in semen.

Leucocytes in semen Germ cells in semen

Bacterial infection Varicocele
Viral infection Cytotoxic treatment i.e., chemotherapy
Recovery from illness Cryptorchidism
Stress and acute illness Maturation arrest
Chronic illness Prolonged frequent ejaculation

Recreational drug use including alcohol and smoking
Trauma
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muchmore difficult, and may not necessarily be warranted unless
there is suggestive evidence to demonstrate potential exposure.
One of the primary areas of concern for patients where high
numbers of leucocytes are detected in their semen, is the possible
detrimental impact they have either on the direct functioning of
sperm from a microscopic perspective, as well as the physiology
of the patient which may lead to obstructions in the passage of
sperm (due to inflammatory processes) or/and by impeding
spermatogenesis.

Symptoms of bacterial prostatitis include dysuria, varying
frequency of urination and increased urine retention and can
result in more severe manifestations such as pain, fevers, chills,
malaise and nausea (13). It is estimated that the majority of cases
are acquired, although adequate history review may suggest
iatrogenic causes such as catheterisation or transrectal biopsy
procedures (13).

Non-gonococcal urethritis (NGU) can be caused by a number
of infections (44) (see Table 2). Patients may present with
urethral discharge, dysuria, urethral stinging/itching but many
may be asymptomatic (45). The presence of discharge results in
purulent semen containing massed polymorphonuclear
leucocytes (neutrophils), easily demonstrated using direct
spread and rapid staining techniques, or detecting >1+ on a
mid-stream urine dipstick test (46). Men with long-term or
recurrent NGU may develop epididymo-orchitis (EO) as a
complication. EO can directly damage the testis and
subsequent spermatogenesis, as well as impacting the testicular
endocrine function (47, 48).

In studies of infertile couples, several lifestyle factors have been
shown to increase the seminal leucocyte population without
obvious evidence of past or current infection. These include
cigarette smoking, use of marijuana and heavy alcohol

FIGURE 1 | Possible actions following round cell differentiation. This should be used as a guide only.
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drinking (49). A study of 65 men from a fertility clinic in USA
found a 48% increase in leucocytes in infertile men who smoked
(50), a larger Austrian study of 1,104 men confirmed a
significantly higher percentage of ejaculates (23.5%) with >1 ×
106/ml peroxidase positive round cells in smokers compared with
non- or ex-smokers (51), and a later study of 112 infertile men in
Brazil showed levels of leucocytospermia increased as cigarette
smoking increased (52).

There should also be considerations for other causes of
leucocytes and germ cells; these are given in Table 3. In any
case, laboratory identification of round cells should lead to
differentiation followed by review of the patient. This is best
undertaken by the referring clinician unless the healthcare
professional or scientist has had further training to do this
and has the permission of the clinician responsible for that
patient. The possible outcome from initial detection of “round
cells” needs to be in line with the patient symptoms, history,
semen quality and the management possibilities of the couple.
Differentiation should take place if significant numbers of round

cells are seen (estimation of numbers using a haemocytometer is
a valid method). The concentration considered significant
should be determined based on guidelines available and the
needs of the service users; the authors consider a concentration
of ≥1.0 × 106 round cells/ml to be significant, in line with WHO
2021 (2). The laboratory actions at this stage will depend on the
patient history, previous semen analysis and outcome of
differentiation. A suggested pathway is given in Figure 1.
This pathway will be determined by training, competency,
clinical supervision and limitations of the methods/staffing.
The pathway in Figure 1 is suggested in the absence of
laboratory specific direction, to support reporting and actions
relating to the detection of round cells. Very few related
guidelines exist; and where they do, such as the European
Association of Urology (EAU) (53) and WHO 2021 (2), they
suggest clinical considerations and several factors that can
impact the ejaculate. These include medication, endocrine
status, anatomy (testicular size), illnesses and non-prescribed
drugs. They fail to fully provide advice outside of positive

FIGURE 2 | Rapid Romanowsky stained preparations with ×100 objective and ×10 optics. (A) Neutrophil (A1), spermatid (A2). (B) Possible lymphocyte (B1),
multiple spermatozoa (B2). (C) Large phagocytic macrophage with engulfed material (C1), lymphocyte (C2). (D) Three neutrophils (D1), two monocytes (D2, D3). (E)
Dividing spermatocyte (E1), cytoplasmic remnant (E2). (F) Possible lymphocyte (F1), spermatid (F2).
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peroxidase testing and subsequent microbiological cultures by
which a diagnostic laboratory can follow and develop. The
laboratory therefore can supplement the information known
by the referring clinician. Comments and advice should be
added to the user handbook or appropriate method used for
communicating with users regarding information and
interpretation. If a clinician reviews the patient (including a
physical examination) and feels that there are symptoms that
require further investigation, they should consider testing
locally or referring the patient to a GU clinic for specialist
testing, partner tracing and treatment if required before
proceeding with a repeat semen analysis or assisted
reproductive technology (ART) referral. In patients where
there are no identifiable causes, the clinician may consider
antioxidants, lifestyle changes and a repeat after considerable
changes have been established. On occasions, it may be
necessary to undertake radiological diagnosis, although the

type required will need to be relevant and the risks/benefits
of any radiation intervention should be considered by the
person responsible. Ultrasound scans are often a useful tool
in diagnostics but is not indicated for all patients.

LABORATORY METHODS FOR
IDENTIFYING ROUND CELLS AND IMAGES

Analysis of round cells will often be undertaken on stained slides
during morphological examination. In some instances, scientists
will review the concentration of round cells using the same
method applied for concentration analysis (gold standard
being stated as the improved Neubauer haemocytometer) (2).
At this point, the decision will be to decide whether further
identification and differentiation is required or whether the round
cell estimation will be used. Many laboratories will not give any

FIGURE 3 | Papanicolaou stained preparations with ×100 objective and ×10 optics. (G) Neutrophil (G1). (H) Two small neutrophils (H1, H2). (J) Spermatid (J1),
possible degenerate/damaged neutrophil (J2), neutrophil (J3), possible degenerate monocyte (J4). (K) Neutrophils (K1, K2), spermatid (K3). (L) Cytoplasmic remnant
(L1), spermatocyte (L2). (M) Spermatocyte (M1), spermatids (M2).
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clinically relevant information in the final report, but if calculated
to be ≥1 × 106/ml may simply include a comment stating that
round cells are present. This gives no indication of the proportion
of leucocytes or germ cells in the reporting of round cells. The
issues arise from the specific methods on how laboratories will
differentiate if they want to, and if they do, what does the end-user
do with this information?

WHO suggested methods for quantification of round cells may
not be practical or suitable for the laboratory. There are many
methods that can be applied for the assessment of leucocytes
including seminal granulocyte elastase test, immunochemistry
and the peroxidase test (54). Appropriate validation and
verification of any method must be considered, particularly if
accreditation to standards for this aspect is to be included. The
method for validation/verification will depend on the test to be used,
which would include morphological differentiation. The next stage
in the process, should a laboratory choose to do so, is to differentiate
these cells into leucocytes and germ cells. The simplest

recommended method is to stain the peroxidase enzyme found
in granulocytes. The limitation with staining using the peroxidase
enzyme is that it will only identify an active disease or infection
rather than one in its later stages such as a patient with chronic
infection (55). There are many viable options for leucocyte
assessment given in WHO 2021 or other scientific papers (54).
The often less-favourable option is the use of the stained
preparations and morphological distinction. Although subjective,
there is no reason why the method cannot be applied well and give
clinically relevant information, particularly when other methods
such as the peroxidase test will miss non-granule containing cells or
those where they have already released their active compounds. As
discussed earlier, cell types can be important in determining the
potential cause of infection or support direction of investigations as
appropriate. This is not to say peroxidase testing is not valuable, but
limitations of any test should be considered. Staining and
differentiation can lead to misinterpretation of cells, particularly
as the preparation differs to routine blood smears which can be used

FIGURE 4 | Rapid Romanowsky stained preparations with ×100 objective and ×10 optics. (N) Phagocytic macrophage (N1). (P) Spermatid (P1), erythrocytes (P2);
centrifuged sample. (Q) Squamous epithelial cell (Q1). (R) Erythrocyte (R1). (S) Small monocyte (S1). (T) Possible lymphocyte (T1).
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in the determination of white blood counts. These pitfalls in the
cytological subjective interpretation of cells, has been a discussion
point among cytology disciplines, in particular cervical cytology (56),
for many years. In stained semen spreads, for example, there can be
difficulties in visually identifying small chromatin bridges between

neutrophil nuclei segments when comparing them tomultinucleated
spermatids (57). This is where peroxidase assessments could support
subjective interpretation comparatively to stainingmethods. It is also
worth noting thatWHO 2021 guidelines state that it is “not possible
to distinguish between leukocytes and immature germ cells with a
high degree of certainty (2)” and they recommend an alternative
method of analysis. It is worth noting that the reference for this
decision is from 1966 (58) and possibly more information and study
is required. A small study from 2003 (59) reviewed the possibility of
peroxidase positivity and elastase levels (these proteases rise with
increased granulocyte levels as part of the inflammation process) and
found no correlation between the two tests, indicating that itmay not
necessarily be a good determinant of leucocytes in semen. Staining
procedures are generally lower-cost and can be used with training to
determine overall cell populations, although caution should always
be taken in the confidence of the values for any method including
stained slide interpretation. Alternative methods are not discussed in
this paper but should be considered by a laboratory in their review of
appropriate laboratory procedures. The photomicrographical images
included (Figures 2–6) will give laboratory staff a small atlas for the
identification of different cells using numerous methods. The image
set is not comprehensive but offers guidance for laboratories.

STAINING PROTOCOLS FOR
PHOTOMICROGRAPHS

Rapid staining procedure was undertaken using Cell Path Limited
Rapid Romanowsky Stain kit (SKU: RHS-705-3X1) following full
air-drying of semen spreads. The method included a minimum

FIGURE 5 | Phase contrast with ×20 optics (except X, which has been artificially enlarged by 50%). (U) Possible spermatid (U1). (V) Spermatid (V1), squamous
epithelial cells (V2). (W) Spermatids (W1, W2). (X) Spermatocyte (X1), aggregated sperm with debris (X2).

FIGURE 6 | Photomicrograph of semen from patient with prolonged ×10
daily ejaculation (phase contrast × 40 objective with × 20 optics) showing
multiple spermatocytes and spermatids and depleted sperm. The much more
rounded and uniform appearance of the nuclear structures, which are
separate are clearly distinguished from neutrophils which have coarsely
clumped chromatin lobes joined by thin chromatin bridges as seen for
example in Figure 2, cells A1 and D1. Cells containing spermatid nuclei may
also varying stages of spermatid to sperm maturation and vacuoles due to
sperm emergence.
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fixation step of 30 s in Solution 1 (alcohol fixative) followed by two
5 s complete submersions in Solution 2 (Eosin Y) and Solution 3
(Azure II and sodium azide). Two 5 s water washes were applied
after staining and slides were left to dry naturally before
examination under oil-immersion bright-field microscopy.
Papanicolaou staining procedures were based on pre-existing
cytopathology methods i.e., a modified Papanicolaou staining
protocol deviating from WHO 2021 methods (2). This is
available upon request but involves sequential staining steps
involving industrial methylated alcohol, haematoxylin, water,
acid water, lithium carbonate, OG6 stain, EA50 and xylene
prior to mounting. The staining components were provided by
Cell Path Limited.

DISCUSSION

The importance and significance of leucocytes in semen has been
discussed in numerous studies. Whilst this is well-known,
laboratories find it difficult to ensure that they are giving users
adequate information for interpretation when reports are purely
numerical. This increases the risk of either inappropriate
treatment, including unnecessary prescribing of antibiotics, or
for missing opportunities to improve men’s health, sperm quality
and the pathway for every person involved in trying to conceive.
Appropriate review of the patient should be considered alongside
laboratory findings to direct clinicians’ use of the correct
diagnostic tools. The importance of providing a sensitive
approach to reporting and patient review is paramount, as
patients may misunderstand the relevance, especially with
regard to GU infections, which may not be sexually
transmitted. Laboratories can support users by providing them
with reliable results, giving adequate advice where needed and
ensuring reports are clear. Where clarity or advice is required,
especially where many unusual or abnormal-looking cells are
noted, haematologists and cytopathologists can be utilised to
support andrologists in the identification process, or the use of
consensus opinion may be an approach worth taking. Training

and competency assessments, along with validation if required,
will always be important to provide assurance of a scientist’s
ability to recognise cells. The overall aim should be to give the
user an idea of the majority cell population as opposed to
categorically differentiating into individual white blood cell
categories and germ cell types. In laboratories where highly
trained staff participate in semen analysis, they can undertake
this task with fewer additional extended tests. Taking this
alongside current WHO 2021 guidelines which direct
laboratories to clinical decision values as opposed to just the
prescriptive lower reference limits and fifth centiles, it will ensure
that direction for management is at the core of analysis. This will
ensure appropriate clinical review with the patient so that the
correct management plans can be agreed and undertaken.
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