
REPRODUCTIVE PHYSIOLOGYAND DISEASE

Reactive Oxygen Species (ROS) in human semen: determination
of a reference range

Sheryl T. Homa & Wayne Vessey & Ana Perez-Miranda &

Tripat Riyait & Ashok Agarwal

Received: 23 November 2014 /Accepted: 22 February 2015 /Published online: 7 March 2015
# Springer Science+Business Media New York 2015

Abstract
Purpose High levels of reactive oxygen species (ROS) are a
leading cause of male factor infertility. Measurement of ROS
has been hampered by a lack of standardisation and confound-
ing variables including choice of controls and sample selec-
tion. This study aimed to determine a reference range for ROS
in human semen.
Methods Semen samples were obtained from men attending
for routine semen analysis who gave informed consent for the
study. Samples were assigned groups: Group 1 (N=94) normal
semen parameters, no leucocytospermia; Group 2 (N=100)
abnormal semen parameters, no leucocytospermia; Group 3
(N=41) any semen parameters with leucocytospermia. ROS
levels were assayed in fresh neat semen using a chemilumines-
cence assay measured in a single tube luminometer. Data are
reported in relative light units (RLU)/sec/106 sperm
Results ROS levels were significantly different between
Groups 1, 2 and 3 (19.75±8.12, 95.03±33.63, 890.17±
310.23 RLU/sec/106 sperm respectively; p<0.001). Group 3
gave the highest value confirming this group as the optimum
choice for positive controls. The reference range<24.1 RLU/
sec/106 sperm was determined by ROC analysis that differen-
tiates a reference population (Group 1) from a positive control

group (Group 3), optimising the sensitivity and specificity
(80.5 and 87.2 % respectively) of the test.
Conclusions We have determined a reference range for ROS
in human semen and identified a patient population that falls
outside the normal range. This simple, cost effective assay can
be incorporated into routine diagnostic testing to aid in the
diagnosis of male infertility, especially with regard to unex-
plained infertility.
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Introduction

Almost 50 % of infertility may be associated with a male
factor [1, 2]. Although a semen analysis has classically been
used as the gold standard for determining a man’s fertility [3],
this test alone cannot accurately predict infertility since be-
tween 6 and 27 % men with normal semen parameters are
infertile [1, 4]. One explanation is that a semen analysis is
unable to detect abnormalities at the molecular level that
may contribute to unexplained cases [5]. Oxidative stress
resulting from excessive production of reactive oxygen spe-
cies (ROS) can have a profound effect on the sperm plasma
membrane and subsequent functional integrity of the sperm
[6–10]. Elevated ROS levels are cytotoxic, resulting in a loss
of spermmotility and vitality [11–15]. In addition, they impair
crucial events required for fertilisation [11, 14, 16] including
capacitation [17] the acrosome reaction [18] and sperm-
oocyte fusion [12, 19], as well as initiating DNA strand breaks
[6, 8, 14, 19], adversely affecting pronuclear and blastocyst
development and negatively affecting pregnancy rates after
in vitro fertilisation (IVF) [6, 19–22]. They are also correlated
with an increased time to natural conception and recurrent
miscarriage [23].

Capsule A reference range for reactive oxygen species in human semen
has been determined using a chemiluminescence assay measured in a
single tube luminometer.
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Infertile men demonstrate significantly increased ROS
levels with a reduction in antioxidant capacity compared
with fertile controls, irrespective of semen parameters
[24–29]. Thus determination of ROS levels would clear-
ly contribute valuable diagnostic information to standard
male fertility investigation. ROS assays tend to focus on
ROS production by isolated spermatozoa since they are
a source of ROS, and there are published protocols for
the measurement of ROS levels using washed sperm
cell suspensions [3]. Assessing ROS levels in sperm
preparations is fraught with artefacts, as centrifugation
and other manipulation triggers significant ROS produc-
tion [30–34]. Conversely removal of seminal plasma
during the washing process removes natural antioxidant
pathways that would naturally protect sperm from ROS
attack [31, 33–36]. Although this technique may be
valuable for assessing ROS exposure during assisted
conception as sperm are washed prior to IVF, it does
not reflect the physiological environment of the sperm
that may contribute to infertility in vivo.

Oxidative stress in the reproductive tract cannot be
attributed to ROS production from sperm cells alone.
By far the major source of ROS is derived from poly-
morphonuclear leucocytes (PMN) in semen [13, 25,
35–38]. Furthermore, sperm may be exposed to a pleth-
ora of other factors in the testes, epididymis and male
accessory gland fluid that are responsible for the regu-
lation of ROS generation [39–42]. Measurement of
physiological ROS levels must therefore take into ac-
count the dynamic state of both ROS generation and
neutralisation by antioxidant pathways in the male re-
productive environment.

For determination of oxidative stress in diagnosing
infertility, measuring ROS in unwashed, whole semen
is most appropriate. It more accurately and reliably re-
flects the physiological level of oxidative stress that the
sperm are exposed to [27, 36], taking into account both
the pro- and anti-oxidant status of the sperm microen-
vironment, and is therefore more relevant to our under-
standing of male infertility. Assessing ROS in whole
semen is less time consuming and more cost effective
than measuring it in washed sperm samples. Another
advantage for measuring ROS in whole semen is that
ROS values decline with time after ejaculation [43, 44],
so it is imperative to measure levels as soon as possi-
ble, ideally soon after liquefaction in order to obtain a
true reading. The ROS assay measuring chemilumines-
cence in a single tube luminometer, has recently been
validated [44], demonstrating it is a highly reliable and
accurate diagnostic test. In the present study, we have
determined a reference range in whole semen as the
sample of choice for determining potentially damaging
levels to sperm that may contribute to infertility.

Materials and methods

Semen samples

Samples were obtained from 227men attending the Andrology
Laboratory for routine semen analysis between December
2009 and 2013. All men had given informed consent to use
the remainder of their sample prior to inclusion in the study and
it was approved by the institutional quality management board.
Ethical approval was not deemed necessary. The age of the
men ranged from 18 to 62 years. Men were asked to provide
only one sample for the study. Semen samples were produced
on site by masturbation after 2 to 5 days sexual abstinence.
Samples were maintained for approximately 20 min at
36±1 °C to liquefy. Semen analysis was performed on all
samples according to WHO guidelines [3]. Morphology was
assessed on Papanicolaou stained slides using Kruger strict
criteria [3]. If the round cell count was equal to or exceeded
1 million/ml, polymorphonuclear leucocytes (PMN) were
identified using a kit that differentiates round cells on the basis
of their peroxidase content (LeucoScreen™; Microm, UK; CE
marked, demonstrating it conforms with the relevant essential
requirements in the EuropeanUnion Directives, and that it is fit
for its stated, intended purpose). Samples containing less than
1 million/ml sperm were excluded from the study as ROS
measurement is inaccurate and unreliable when the sperm
concentration falls below this value [45].

Population study groups

To perform a routine laboratory test for ROS measurement in
clinical samples, it is essential to establish an accurate refer-
ence range for the levels of ROS in semen. As ROS performs
an important physiological role in sperm function, low levels
of ROS would be expected in all semen samples and it is this
level that should constitute the reference range.

Group 1: Normal semen parameters (reference group)

Criteria for selection of the reference population were demon-
stration of semen parameters within the WHO (2010) refer-
ence range [3]. Crucially, all of the semen samples contained
less than 1million/ml PMN. From the 227men who randomly
provided semen samples for the ROS validation, a total of 94
men aged between 22 and 51 years, had semen parameters that
fell within the WHO reference range [3].

Group 2: Abnormal semen parameters

This group was selected based on semen parameters that fell
outside of the normal range [3] but with low levels of PMN
defined as <1 million/ml. One hundred men were included in
this group with an age range of 18 to 50 years.
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Group 3: High polymorphonuclear leucocytes (PMN)
(positive test group)

This group was selected based only on the concentration of
PMN in the semen and represented the positive test group.
Forty one semen samples contained PMN concentrations
of≥1 million/ml. Within this group, 9 samples had normal
semen parameters and the remainder had one or more abnor-
mal parameters. The age range of these men was 31 to
62 years

ROS assay

All 227 semen samples were assessed for ROS levels between
10 and 30 min after ejaculation. ROS levels diminish with
time post ejaculation (44), so it was important to capture the
signal as soon as possible. Samples were therefore assessed as
soon as possible after liquefaction, beginning at 10 min but no
later than 30 min. The general methodology is reviewed else-
where [46]. Briefly, a sperm count was performed for each
semen sample. Negative and positive controls were run for
each semen sample assay. Negative controls contained
400 μl phosphate buffered saline (PBS) with 10 μl of a
luminol (5-amino-2,3-dihydro-1,4-phthalazinedione; Sigma-
Aldrich, UK) working solution (5 mM luminol prepared in
dimethylsulphoxide (DMSO)). Positive controls contained
395 μl PBS, 5 μl 30 % H202 (VWR UK) and 10 μl of
5 mM luminol working solution. For measuring ROS in se-
men, 10 μl luminol working solution was added to 400 μl
liquefied whole semen. All samples were mixed gently
immediately.

Measurement of chemiluminescence

ROS were measured using luminol, which is oxidised in
the presence of ROS, resulting in chemiluminescence.
The luminescence generated by this reaction was mea-
sured using a CE marked single tube luminometer
(Turner Biosystems Instrument Modulus Model no.
9200–001, Sunnyvale , Cal i forn ia , USA). This
luminometer is economical compared to a multiple-
tube luminometer or plate analyser, and the chemilumi-
nescence assay is uncomplicated to perform. Chemilu-
minescence was reported as Relative Light Units per
second (RLU/sec). RLU/sec were measured at 1 min
intervals after addition of luminol, over a total period
of 10 min and then averaged for each sample. To elim-
inate any variation, the mean control value was
subtracted from the mean semen value to give the true
value of the test sample. This value was adjusted for
sperm concentration and ROS were reported as RLU/
sec/106 sperm.

Statistical analysis

Group comparisons with respect to categorical variables were
performed with Fisher’s exact test or chi-square test. Due to
the expected non-normality of quantitative variables in this
study, group comparisons with respect to quantitative vari-
ables were performed with Kruskal-Wallis test for 3-group
comparisons, or Wilcoxon rank sum test for pairwise group
comparisons. These nonparametric tests were used for age,
volume of semen, sperm concentration/ml, total motility, pro-
gressive motility, morphology, PMN concentration and ROS
values. In all cases, p values<0.05 were considered to be
statistically significant. Sensitivity and specificity were deter-
mined for different cut-off values of ROS to aid in the deter-
mination of reference values. Receiver operating characteristic
curves (ROC) were used to demonstrate the sensitivity and
specificity, and to identify the cut-off value yielding the max-
imum sum of the sensitivity and specificity. Analyses were
performed using R version 3.0.1 [47].

Results

Distribution of semen parameters between groups

Table 1 shows the distribution of semen parameters within the
3 selection groups. The average age of Group 1 was not sig-
nificantly different from Group 2 or 3. However, men in
Group 3 were significantly older than men in Group 2 (p=
0.008). For all groups together, ROS levels were independent
of age as the values were not significantly different between
men younger than 40 (n=159) compared to men of 40 or over
(n=76). Sperm count, total motility, progressive motility and
normal morphology were significantly lower in the abnormal
Groups 2 and 3, compared with the normal Group 1 (p<0.001
for all parameters). As expected, these parameters were lower
in Group 2 compared with Group 3 parameters, as Group 2
men were specifically selected for these abnormal semen pa-
rameters. However this difference was only significant for
morphology between Groups 2 and 3 (p=0.019). Men were
only included in Groups 1 and 2 with less than 1 million/ml
PMN. The mean PMN level in semen samples in these groups
was slightly higher in Group 1 compared with Group 2 (p=
0.031), however, the mean PMN level in Group 3 was approx-
imately 10 times higher than both groups (p<0.001 vs Group
1 or Group 2).

ROS levels in whole semen

Figure 1 shows the box and whisker plots for the median and
interquartile ranges for the three groups. The data emphasise
the non-parametric distribution and the differences between
groups. Groups 2 and 3 showed a considerably higher range
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of ROS values compared to samples from men in Group
1. There was no overlap between Group 1 and 3 boxes.
The upper quartile for the reference parameter group
was determined as 9.1 RLU/sec/106 sperm (N=74;
75.5 %). Only 12.2 % (N=5) of samples with high
PMN (Group 3) had ROS levels below 9.1 RLU/sec/
106sperm. These are likely to represent PMNs that have
been previously activated and are no longer viable.
Samples with abnormal semen parameters and low

PMN (Group 2) were equally distributed above and be-
low this ROS value (N=51, 51 % and N=48, 48 %
respectively). There were 12 anomalous values that fell
outside the upper adjacent value for Group 1, 14 for
Group 2 and 8 for Group 3, although the maximum
RLU values were considerably less in Group 1 than in
the other 2 groups. There are no anomalies on the lower
side of the data, due to the large number of patients
with low ROS levels in all groups.

Table 2 shows the descriptive parameters for ROS
values for semen samples from men in each of the
study groups. The distribution of ROS values for
Groups 2 and 3 rise from a minimum of 0 and 0.1 to
3041.4 and 10980.3 RLU/sec/106sperm respectively.
Values for Group 1 ranged from 0 to 170 RLU/sec/
106sperm, with only one outlier at 724.6 RLU/sec/
106sperm. Samples from men with abnormal semen pa-
rameters or high PMN had significantly higher mean
ROS levels compared with those from samples with
normal parameters (Table 2; p<0.001 for all groups).
The mean seminal ROS value for men in Group 3
was approximately 9.4 times higher than that of Group
2 and 45 times higher than that of Group 1. The range of RLU
values is a non-parametric distribution as there is a consider-
able difference between the mean and median values in all
groups. A considerable difference in the maximum value, var-
iance and standard deviation was observed between the three
groups. The interquartile range for ROS levels in semen
from men with normal semen parameters is established

Table 1 Comparison of semen parameters between men grouped according to WHO 2010 reference range

Semen Parameters Group 1 Group 2 Group 3

Number men 94 100 41

Age 37.70±0.64
(22;33.25;37;41.75;51)

36.72±0.52
(18;34;37;39.25;50)

40.39±1.15a

(31;36;39;43;62)

Volume (ml) 3.54±0.16
(1.5;2.4;3.35;4.2;11.1)

3.61±0.15
(0.5;2.5;3.5;4.53;7)

3.74±0.28
(1.3;2.4;3.6;4.6;10.2)

Sperm Count (x 106) 71.43±5.34
(17;37.25;57;94.25;331)

32.76±3.76b

(0.8;5.57;18.5;46.5;177)
41.83±8.44b

(1;8.4;15;54;230)

Total motility (%) 69.17±1.01
(44;63;69;77;89)

47.70±2.27b

(0;32.75;52;65.25;88)
53.80±3.44b

(2;36;60;69;87)

Progressive motility (%) 58.52±1.26
(32;51;60;66;84)

36.00±2.16b

(0;17.75;37.5;52;74)
43.71±3.40b

(1;24;49;59;80)

Normal forms (%) 8.65±0.34
(4;6;8;10;20)

2.73±0.32b

(0;1;2;3;14)
3.78±0.51b,c

(0;2;3;6;14)

PMN (x 106) 0.36±0.03
(0;0.1;0.3;0.6;0.9)

0.28±0.03e

(0;0.01;0.2;0.46;0.9)
3.54±0.70b,d

(1;1.3;2.4;4;28.1)

Group 1 - normal semen parameters; Group 2- abnormal parameters with<1 million/ml PMN; Group 3 – any parameters, but≥1 million/ml PMN

*Quantitative variables summarized as mean±SEM and (minimum;25th%;median;75th%;maximum)
a Significantly different from Group 2; p=0.008 b Significantly different from Group 1; p<0.001
c Significantly different from Group 2; p=0.019 d Significantly different from Group 2; p<0.001
e Significantly different from Group 1; p=0.031

Fig. 1 Box and whisker plots for Group 1, Group 2 and Group 3 data
showing the median to interquartile ranges. Group 1 - normal semen
parameters; Group 2- abnormal parameters with<1 million/ml
leucocytes; Group 3 - any parameters but≥1 million/ml leucocytes.
Lower whisker=5th percentile; Upper whisker=95th percentile. Data
are shown on a logarithmic scale. All pairwise group differences were
significant with p<0.001 according to Wilcoxon rank sum tests
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as 0.4–9.1 RLU/sec/106 sperm, while for Groups 2 and
3 the range is 1.0–54.8 and 30.3–538.3 RLU/sec/106

sperm respectively.

Sensitivity and specificity of the ROS assay

The data from the receiver operating characteristic curve anal-
ysis suggests an optimal reference value for high ROS levels
at approximately 24.1 RLU/sec/106 sperm based on its ability
to differentiate between those with normal semen parameters
and those with high PMN in the semen (Figure 2). This value
shows the maximum sum of sensitivity and specificity of the
test. Both specificity (87.2 %) and sensitivity (80.5 %) are
high. A ROS cut-off value of 24.1 RLU/sec/106 sperm will
capture approximately 87.2 % of the ROS values among sam-
ples with normal sperm parameters, defining typical ROS
levels among normal samples. Values below 24.1 probably
represent basal physiological ROS production in semen. On
the other hand, 80.5 % of men with high PMNs should be
captured using this cut-off value for ROS.

Discussion

High levels of ROS are a leading cause of male factor infer-
tility, contributing to poor semen parameters, reduced sperm
vitality, impaired sperm function and fertilisation, and DNA
damage [6, 7, 10]. While the detrimental effects of ROS are
well accepted, there is a lack of standardisation of methodol-
ogy for ROS determination and inconsistencies in establishing
a reference range. We have determined a reference range for
ROS levels in human semen that demonstrates both high sen-
sitivity and specificity. The test is sensitive over a wide range
of RLU values for semen samples obtained from a random
group of men attending for semen analysis. Mean ROS levels
are significantly higher in semen of men with abnormal pa-
rameters compared to the reference group by 4.8 fold, and
particularly in semen from men containing 1 million/ml or
more PMN representing a 45 fold increase from those with
normal semen parameters. These findings are consistent with
previous studies [35, 36] which showed higher seminal ROS
in samples with abnormal semen parameters compared to
samples with normal parameters, and an even higher level
correlated with the presence of PMN. Another study demon-
strated significantly higher ROS levels in fertile patients who
had PMN in their semen compared to those without [25].

The median and interquartile ranges for ROS determined
for samples with normal semen parameters and less than 1
million/ml PMN has been established as 1.2 (0.4, 9.1) RLU/
sec/106sperm. From the ROC analysis of the data, the refer-
ence range was determined as<24.1 RLU/sec/106 sperm. This
cut-off value gives high specificity (87.2 %) and sensitivity
(80.5 %) using semen samples with high PMN as the positive
ROS group, demonstrating the robustness of the test. Recent-
ly, Kashou et al. [48] established a normal ROS range of<20
RLU/sec/million sperm, which is remarkably similar to our
determined range. Earlier studies determining ROS reference

Fig. 2 Receiver operating characteristic curve. Data showing the area
under the curve in men with normal semen parameters, abnormal
semen parameters and those with>1 million/ml seminal PMN. AUC=
area under the curve; Sens=sensitivity; Spec=specificity; PPV=positive
predicted value; NPV=negative predicted value; ACC=accuracy. Values
in parentheses are the 95 % confidence intervals

Table 2 Descriptive parameters for ROS levels in semen samples

Group 1 Group 2 Group 3

N 94 100 41

Mean 19.75 95.0 890.2

Standard error 8.12 33.6 310.2

Variance 6203.4 113081.6 3945854.8

Standard deviation 78.8 336.3 1986.4

Sum 1876.6 9503.2 36496.8

Minimum 0.0 0.0 0.1

5th percentile 0.2 0.15 1.67

Lower quartile 0.4 1.0 30.3

Median 1.2 7.8 142.1

Upper quartile 9.1 54.8 538.3

95th percentile 91.15 419.1 3868.4

Maximum 724.6 3041.4 10980.3

Interquartile range 8.7 53.8 508.0

Lower adjacent value 0.0 0.0 0.0

Upper adjacent value 22.1 135.4 1300.4

Group 1 - normal semen parameters; Group 2- abnormal parameters with
<1 million/ml leucocytes; Group 3 - any parameters but≥1 million/ml
leucocytes
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ranges reported ROS values in counted photons per minute,
generally per 20 million sperm, whereas only more recent
studies have used RLU. Venkatesh et al. [33] reported a me-
dian and interquartile range of 0.03 (0.014, 0.068) x 104 RLU/
min/20 million sperm in normozoospermic fertile volunteers,
while Fingerova et al. [36] reported a median and interquartile
range of 0.26 (0.12, 0.55) RLU x 103 /min/20 million sperm
for fertile volunteers, although it is unclear whether all these
volunteers were normozoospermic. Like this study, Venkatesh
et al. [33] and Fingerova et al. [36] used single tube
luminometers, however, it is difficult to compare results as
the luminometers were from different manufacturers which
may have different specifications and sensitivity. Furthermore,
their data was reported as RLU/min whereas the Modulus
luminometer used in this study presents data as RLU/second.
However, we have found that ROS values measured on one
machine (luminometer) are similar on other machines of the
same make and model using similar protocols and reagents
when using the same semen sample.

Differences in results may be attributed to laboratory vari-
ation and differences in inclusion for reference groups. Our
criteria for normal semen parameters were based on WHO
2010 guidelines [3], whereas previous studies relied on
WHO 1999 guidelines [49], hence samples which they con-
sidered to be in the normal range may have been excluded
using more up-to-date criteria. Other studies frequently deter-
mined reference values based on samples from fertile men [33,
36]. Conversely, our reference values were based solely on
samples with normal semen parameters without leucospermia
with no determination of fertility status.

The selection of appropriate negative and positive refer-
ence groups is an important determinant for an accurate and
reliable reference range. It could be argued that it is more
appropriate to select fertile and infertile men to determine a
reference range for the ROS assay. However, these criteria
have limitations. While fertile men tend to have low ROS
and infertile patients have higher ROS levels [26, 28, 29], this
is not always the case. We also considered groups of men with
normal and abnormal semen parameters as our reference and
positive controls. Although the mean ROS levels in the men
with abnormal semen parameters are significantly higher than
those in semen from men with normal parameters, there is
considerable overlap between ROS values for these two
groups. This may be explained by factors other than ROS that
may contribute to abnormal semen parameters [1]. Indeed,
there are a higher number of semen samples with abnormal
parameters that have ROS levels within the reference range of
<24.1 RLU/sec/106 sperm compared with those above the
range (64 % below; 36 % above). This agrees with previous
findings [50, 51] and indicates that semen parameters are not
directly correlated with ROS.

While studies have shown that ROS is elevated in infertile
men [29, 33, 46, 52], it is the presence of PMN in the semen

that is the prime source of ROS [25, 35–37], contributing up to
one thousand fold more ROS than the contribution of the
sperm [12, 53]. For these reasons, samples with elevated
PMN were chosen as the positive control group and samples
with negligible PMN as the reference range. As abnormal
semen parameters are likely to be associated with increased
ROS, our reference group samples were further selected for
normozoospermia. In this study, ROS was elevated in over
80 % of samples with high PMN (Group 3) compared with
the reference group (Group 1), whereas only 36 % of samples
with abnormal semen parameters (Group 2) had elevated
ROS. This confirms that the group of men with elevated
PMN (Group 3) is not only a valid alternative to infertile
controls, but is by far the optimum ROS positive reference
group compared to men with abnormal semen parameters.
The data provide further evidence that PMN are a major
source of ROS generation.

ROS assessment is clearly valuable in the diagnosis of
infertility, as it is a far more powerful predictor than semen
analysis [54]. ROS have far reaching consequences, not only
in terms of peroxidation of sperm membrane and intracellular
lipids and proteins, but also as the major etiological factor
resulting in DNA damage [10]. Such broad spectrum damage
results in a significant reduction in fertility [19–23]. Because
of its powerful association with infertility, ROS measurement
is particularly relevant as it may serve to identify a cause of
infertility in hitherto unexplained cases, irrespective of their
semen parameters, which could not be identified by
performingWHO semen analysis alone. A significant number
of men with normal semen parameters are infertile and have
significantly higher seminal ROS levels compared to those
with normal parameters who are fertile [52]. Although we
have not delineated between fertile and infertile men within
our patient groups, 12.8 % men with normal semen parame-
ters had high seminal ROS and it is likely they represent indi-
viduals with unexplained infertility. Measurement of ROS
levels is of considerable benefit, since it would provide more
insight into the causes of infertility and warrant further inves-
tigation. The value of ROS testing is further justified as in
many cases, factors that contribute to increased ROS can be
addressed with a change in lifestyle [55], oral antioxidant
treatment [55–57], antibiotics [58], or varicocoele repair [59]
to significantly reduce ROS levels and DNA damage, restore
fertility and improve pregnancy rates. Initiatives to reduce
ROS can be assessed by undertaking a second test 3 months
later.

Conclusion

It is important to emphasise that this study has attempted to
define physiological levels of ROS that occur in semen, rather
than determining levels that would be linked to infertility. We
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propose that the reference value of<24.1 RLU/sec/106 sperm
is acceptable for seminal ROS measurement using techniques
described in this study. Additional studies would be required
to determine whether this cut-off value is directly correlated
with fertilisation capacity in vitro, sperm viability and DNA
integrity. However, as it is well established that raised ROS
levels have a considerable effect on all of these parameters
[10] any efforts to reduce ROS should be beneficial. While
ROS signals generated by different luminometers cannot be
accurately compared between instruments, our study demon-
strates that ROSmeasurement in an individual clinical fertility
laboratory can be standardized very effectively and a reference
range of seminal ROS values calculated in their own group of
patients while using their own instrument and reagents. As the
Modulus single tube luminometer is very cost efficient and
simple to use, it has the potential to be used in a large number
of Andrology laboratories. We recommend this test should
ideally be offered in conjunction with a comprehensive
semen analysis as it will benefit interpretation of the
ROS result. The availability of this test for oxidative
stress provides a welcomed addition as an aid in the
diagnosis and management of male infertility [6, 54,
60]. We envision it will be particularly relevant to
men with unexplained infertility and whose partners
have experienced a long time to pregnancy, multiple
assisted conception treatment failures or miscarriages
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