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Semen quality is conventionally assessed by the visual Semen quality is conventionally assessed by the visual 
scoring of sperm number and properties according to scoring of sperm number and properties according to 

WHO guidelinesWHO guidelines

discriminate infertile from fertile men
predict pregnancy outcome and the risk of adverse 
reproductive events (especially in ART)
give information about sperm genomic integrity

Sperm DNA damage as a new 
candidate biomarker

Need for new semen quality markers that may better:



Job

Anticancer
Therapy

Lifestyle

Environment

Exposure to
Xenobiotics

Aging

Heat stress

Infections

Cancer

Varicocele
Genetic background

Infertility

(in the oocyte)

DNA REPAIR
NormalNormal 

embryogenesis

Pregnancy loss
Developmental defects 
Infant mortality
Infertility 
Genetic diseases in the offspring

Defective

DNA DAMAGE

Increased mutational load



Actual and potential DNA defects
that may be transmitted by sperm
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Marchetti & Wyrobek (2005) Birth Defect Res Part C 75:112-129

Paternal exposure to a variety of chemicals induces embryonic lethality
and other abnormal reproductive outcomes

A large body of evidence in rodents unequivocally shows that:

Chromosomal aberrations in 
zygotes are critical intermediate 
between paternal exposure and 
abnormal reproductive outcomes



The ability to repair DNA damage is diminished during The ability to repair DNA damage is diminished during 
the last part of spermatogenesisthe last part of spermatogenesis
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A twoA two--step hypothesis of DNA damage in the male step hypothesis of DNA damage in the male 
germline (Aitken et al., Int J Androl, 2008)germline (Aitken et al., Int J Androl, 2008)



Age & sperm DNA damageAge & sperm DNA damage
Assay Cohort Age 

range
Age 

Effect Reference

SCSASCSA 277 Danish farmers277 Danish farmers 1818--5555 ↑↑ Spanò et al., 1998Spanò et al., 1998

SCSASCSA 176 Swedish fishermen176 Swedish fishermen 3232--6363 ↑↑ RignellRignell--Hydbom et al., 2005Hydbom et al., 2005

SCSASCSA 707 Europeans & Greenland Inuits707 Europeans & Greenland Inuits 1818--6767 ↑↑ Spanò et al., 2005Spanò et al., 2005

SCSASCSA 102 US infertility patients102 US infertility patients 2222--5757 ↑↑ Moskovtsev et al., 2005Moskovtsev et al., 2005

SCSASCSA 1125 US infertility patients1125 US infertility patients 2525--6060 ↑↑ Moskovtsev et al., 2005Moskovtsev et al., 2005

SCSASCSA 88 US men88 US men 2020--8080 ↑↑ Wyrobek et al., 2006Wyrobek et al., 2006

COMET neutCOMET neut 60 UK infertility patients60 UK infertility patients 2929--4747 ↑↑ Morris et al., 2002Morris et al., 2002

COMET neutCOMET neut 212 US infertility patients212 US infertility patients 2020--5454 ↑↑ Hauser et al., 2003Hauser et al., 2003

COMET neutCOMET neut 26 US fertile and 40 infertile patients26 US fertile and 40 infertile patients 2020--5757 ↑↑ Singh et al., 2003Singh et al., 2003

COMET neutCOMET neut 257 US infertile257 US infertile 2222--5454 ↑↑ Trisini et al., 2004Trisini et al., 2004

COMET alkCOMET alk 71 Italian styrene workers71 Italian styrene workers 2222--4646 ↑↑ Migliore et al., 2002Migliore et al., 2002

COMET alkCOMET alk 80 US non smokers80 US non smokers 2222--8080 ↑↑ Schmid et al., 2007Schmid et al., 2007

TUNELTUNEL 49 Greek fertile and 61 infertile49 Greek fertile and 61 infertile 2424--6464 ↑↑ Plastira et al., 2007Plastira et al., 2007

TUNELTUNEL 508 Brasilian infertile 508 Brasilian infertile 2222--5959 ↑↑ Vagnini et al., 2007Vagnini et al., 2007

FISHFISH
structuralstructural

10 healthy non smokers 10 healthy non smokers 
10 healthy non smokers10 healthy non smokers

2222--28 vs28 vs
6565--8080 ↑↑ Sloter et al., 2007Sloter et al., 2007

TOTALTOTAL 38593859



Technique Controls (%)
N

Patients %
N Reference

SCSA 13.7±7.2
165

24.4
115 Evenson et al., Hum Reprod, 1999

SCSA 14.2
213

23.6
92 Boe-Hansen et al., Hum Reprod , 2006

SCSA 13±7.7
126

20.4±12.5
224 Erenpreiss et al., Asian J Androl, 2008

8-OH-2’-dG 4.8/105

54
10.0/105

60 Shen et al., J Androl, 1999

The fraction of defective sperm (DFI)
seems higher in infertile patients



Generally, the fraction of DNA defective sperm is
weakly negatively correlated 

with conventional WHO parameters 

Technique N Conc Morphology Motility Reference

Fl M-TUNEL 262 N.S. -0.44 -0.60 Henkel et al., RBMO, 2003

Fl M-TUNEL 167 N.S. Henkel et al., Fertil Steril, 2004

Fl M-TUNEL 132 -.39 -.25 -.34 Borini et al., Human Reprod, 2006

FCM-TUNEL 1633 N.S. N.S. Neg corr Cohen-Bacrie et al., FertilSteril, 2008



Sperm DNA integrity and natural conceptionSperm DNA integrity and natural conception
(modified from Evenson & Wixon, Fertil Steril 2008)(modified from Evenson & Wixon, Fertil Steril 2008)

Technique N Results O.R. (95% CI) Reference

SCSA
165 US couples

(The Georgetown 
study)

DFI increase if 
pregnancies in month 

1-3, in month 4-12, 
and no pregnancies. 
No pregnancies for 

DFI>30%

DFI>15% predicted 
39% miscarriages

6.54 (1.71-24.91) Evenson et al., Hum 
Reprod 1999

SCSA
215 Danish

first pregnancy 
planners

TTP inversely 
associated with DFI 

levels: starts 
decreasing >20% and 

sharply becomes 
negligible when >40%

7.59 (2.54-22.67) Spanò et al., Fertil 
Steril 2000

7-hydro-8-oxo-2'-
deoxyguanosine (8-
oxodG) levels in DNA

225 Danish
first pregnancy 

planners

TTP inversely 
associated with 8-

oxodG levels

Loft et al., Hum 
Reprod 2003
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TOBACCO smoke & sperm DNA damage:?TOBACCO smoke & sperm DNA damage:?
AssayAssay ControlsControls SmokersSmokers ResultResult ReferenceReference

HPLC 8HPLC 8--OHdGOHdG
(cotinine)(cotinine) 32 healthy32 healthy 28 healthy28 healthy ↑↑ Shen et al., 1997Shen et al., 1997

SCSASCSA
(cotinine)(cotinine) 15 young15 young 10 young10 young N.S.N.S. Rubes et al., 1998Rubes et al., 1998

SCSASCSA 3535 3535 DFI DFI ↑↑ Potts et al., 1999Potts et al., 1999

SCSASCSA 45 (13 healthy + 45 (13 healthy + 
32 infertile)32 infertile) 20 infertile20 infertile N.S.N.S. Saleh et al., 2002Saleh et al., 2002

TUNELTUNEL 3535 3535 DFI DFI ↑↑ Potts et al., 1999Potts et al., 1999

TUNELTUNEL 6969 2828 N.S.N.S. Sargerie et al., 2000Sargerie et al., 2000

TUNELTUNEL 57 infertile57 infertile 51 infertile51 infertile DFI DFI ↑↑ Sepaniak et al., 2006Sepaniak et al., 2006

COMET alkCOMET alk 15 normo fertile15 normo fertile 25 normo 25 normo 
infertileinfertile N.S.N.S. Belcheva et al., 2004Belcheva et al., 2004

COMET neutCOMET neut 183 infertile183 infertile 67 infertile67 infertile N.S.N.S. Trisini et al., 2004Trisini et al., 2004

FISHFISH
(cotinine)(cotinine) 15 young15 young 10 young10 young Disomy YDisomy Y↑↑

Disomy X, 18 N.S.Disomy X, 18 N.S. Rubes et al., 1998Rubes et al., 1998

FISHFISH
(cotinine)(cotinine) 28 healthy28 healthy 17 healthy17 healthy Disomy X Disomy X ↑↑

Disomy Y, 18 N.S.Disomy Y, 18 N.S. Robbins et al., 1997Robbins et al., 1997

FISH FISH 10 healthy10 healthy 21 healthy21 healthy
Disomy 13 Disomy 13 ↑↑

Disomy 21, X, Y Disomy 21, X, Y 
N.S.N.S.

Shi et al., 2001Shi et al., 2001

TotalTotal 489489 302302



Smoking affects male reproductive health after in Smoking affects male reproductive health after in 
utero exposureutero exposure

Reduced sperm count in adult sons of heavy smoking Reduced sperm count in adult sons of heavy smoking 
mothers as shown by 4 papers based on some 4,000 menmothers as shown by 4 papers based on some 4,000 men

Storgaard et al., Epidemiology 14: 278Storgaard et al., Epidemiology 14: 278--86, 2003 86, 2003 

Jensen et al., Am J Epidemiol 159: 49Jensen et al., Am J Epidemiol 159: 49--58, 2004 58, 2004 

Jensen et al., Hum Reprod 20: 2559Jensen et al., Hum Reprod 20: 2559--66, 200566, 2005

RamlauRamlau--Hansen et al., Am J Epidemiol 165: 1372Hansen et al., Am J Epidemiol 165: 1372--9, 2007 9, 2007 

No evidence of alteration in sperm chromatin integrity 
(Storgaard et al., 2003)



AIR POLLUTION & sperm DNA damage: possibleAIR POLLUTION & sperm DNA damage: possible

The Teplice programThe Teplice program

AssayAssay PopulationPopulation ResultResult ReferenceReference

SCSASCSA 266 young Czech 266 young Czech 
(111 Prachatice (111 Prachatice 
151 Teplice)151 Teplice)

DFI DFI ↑↑ after high pollution onlyafter high pollution only
N.S. for WHO parameters (except 
morphology)

Selevan et al., Selevan et al., 
20002000

SCSASCSA 36 young Czech36 young Czech In repeated measurements, association 
between exposure to period of high pollution 
(≥US air quality standard) and DFI
N.S. for WHO parameters

Rubes et al., Rubes et al., 
20052005

SCSASCSA 35 young Czech35 young Czech GSTM1 null men showed higher %DFI in GSTM1 null men showed higher %DFI in 
response to exposure to intermittent air response to exposure to intermittent air 
pollution pollution 

Rubes et al., Rubes et al., 
20072007

FISH (X, Y, 8)FISH (X, Y, 8) 19 nonsmokers in 19 nonsmokers in 
winter (high)winter (high)
16 nonsmokers in 16 nonsmokers in 
summer (low)summer (low)

Association between high pollution and 
disomy YY
Others disomy/ploidy N.S.

Robbins et al., Robbins et al., 
19991999



Occupational exposures reported to affect sperm DNA Occupational exposures reported to affect sperm DNA 
integrity in workersintegrity in workers

NoxiaNoxia NN CountryCountry AssayAssay ReferenceReference

StyreneStyrene 111111 DenmarkDenmark
ItalyItaly

SCSASCSA
Comet (alk)Comet (alk)
FISHFISH

Kolstad et al., 1999Kolstad et al., 1999
Migliore et al., 2002; 2006Migliore et al., 2002; 2006

AcrylonitrileAcrylonitrile 3030 ChinaChina Comet (alkaline)Comet (alkaline)
FISHFISH Xu et al., 2003Xu et al., 2003

LeadLead 362362
UKUK
BelgiumBelgium
ItalyItaly

SCSASCSA Bonde et al., 2002Bonde et al., 2002

Non persistent Non persistent 
pesticidespesticides 363363

ChinaChina
USAUSA
MexicoMexico

SCSASCSA
Comet (neutral) Comet (neutral) 
Comet (alkaline)Comet (alkaline)
TUNELTUNEL
FISHFISH

SanchezSanchez--PePeñña et al., 2004a et al., 2004
Meeker et al., 2004Meeker et al., 2004

Bian et al., 2004Bian et al., 2004
Xia et al., 2005Xia et al., 2005

PAHPAH 4848 TaiwanTaiwan SCSASCSA Hsu et al., 2006Hsu et al., 2006



URINARY PHTHALATE METABOLITES AND SPERM URINARY PHTHALATE METABOLITES AND SPERM 
DNA DAMAGE AS A POTENTIAL BIOMARKER OF DNA DAMAGE AS A POTENTIAL BIOMARKER OF 
SUSCEPTIBILITYSUSCEPTIBILITY

Phthalates Assay Place Cohort Results Reference

MEP MMP 
MEHP MBP
MBzP MOP 
MINP MCHP

COMET 
(neutral)

USA -
Boston

168 infertile Comet extent 
with MEP

Duty et al., 
Environ Health 
Perspect, 
2003

MEHHP 
MEOHP 
DEHP

COMET 
(neutral)

USA -
Boston

379 infertile Comet 
extent/Tail 
Moment with 
MEP

Hauser et al., 
Hum Reprod, 
2007

MEP MEHP 
MBzP MBP 
phthalic acid

SCSA Sweden 234 young 
conscripts 
from the 
general 
population

N.S. Jönsson et al., 
Epidemiology, 
2005

DEP DBP 
DEHP DMP 
DOP

SCSA India -
Lucknow

200 infertile
100 fertile

DFI correlated 
with DBP and 
DEHP mainly  
in urban and 
infertile 
populations

Pant et al., 
Toxicol Appl 
Pharmacol, 
2008



PolyChlorinated Biphenyls (PCBs) & sperm DNA damage: ?PolyChlorinated Biphenyls (PCBs) & sperm DNA damage: ?

AssayAssay ExposedExposed PCBPCB--153 153 plasma conc (ng/g plasma conc (ng/g 
lipid) mean (minlipid) mean (min--max)max)

ResultResult ReferenceReference

COMET COMET 
neutneut

212 infertile US men212 infertile US men
36.136.1 ±±5.2 yrs5.2 yrs

44 (944 (9--421)421)
57 congeners including PCB118, 57 congeners including PCB118, 
138, 153138, 153

N.S. N.S. 
Trend with PCB138Trend with PCB138

Hauser et al., Hauser et al., 
20032003

SCSASCSA 707 fertile men707 fertile men
(193 Inuits, 178 (193 Inuits, 178 
Sweden, 141 Poland, Sweden, 141 Poland, 
195 Ukraine)195 Ukraine)
33.7 (1833.7 (18--67.5) yrs67.5) yrs

180 (3180 (3--5500)5500) DFI DFI ↑↑ in Europeansin Europeans Spanò et al., Spanò et al., 
20052005

TUNELTUNEL 652 fertile men652 fertile men
(200 Inuits, 166 (200 Inuits, 166 
Sweden, 134 Poland, Sweden, 134 Poland, 
152 Ukraine)152 Ukraine)
33.7 (1833.7 (18--67.5) yrs67.5) yrs

180 (3180 (3--5500)5500) DFI DFI ↑↑ in Europeansin Europeans Stronati et al., Stronati et al., 
20062006

TOTALTOTAL 919919





DDT (DDT (Dichloro Diphenyl Trichloroethane) Dichloro Diphenyl Trichloroethane) &&
sperm DNA damage: ?sperm DNA damage: ?

AssayAssay ExposedExposed DDE plasma DDE plasma 
conc (ng/g conc (ng/g 

lipid)lipid)

ResultResult ReferenceReference

COMET COMET 
neutneut

212 infertile US men212 infertile US men
36.136.1±±5.2 yrs5.2 yrs

254 (72.5254 (72.5--
7776)7776)

N.S.N.S. Hauser et al., 2003Hauser et al., 2003

TUNELTUNEL 652 fertile men652 fertile men
(200 Inuits, 166 Sweden, (200 Inuits, 166 Sweden, 
134 Poland, 152 Ukraine)134 Poland, 152 Ukraine)
33.7 (1833.7 (18--67.5) yrs67.5) yrs

790 (6790 (6--
13000)13000)

DFI N.S.DFI N.S. Stronati et al., 2006Stronati et al., 2006

SCSASCSA 707 fertile men707 fertile men
(193 Inuits, 178 Sweden, (193 Inuits, 178 Sweden, 
141 Poland, 195 Ukraine)141 Poland, 195 Ukraine)
33.7 (1833.7 (18--67.5) yrs67.5) yrs

790 (6790 (6--
13000)13000)

DFI N.S.DFI N.S.

AR (CAG)n in AR (CAG)n in 
EuropeansEuropeans
If CAG≤21 DFI 40% 
higher in the high DDE 
exposure group

Spanò et al., 2005Spanò et al., 2005

Giwercman et al., 2007Giwercman et al., 2007

SCSASCSA 202 South Africans from 202 South Africans from 
Limpopo Province Limpopo Province 
(malaria)(malaria)
22.9 (1822.9 (18--44) yrs44) yrs

215,500 215,500 ±±
210,600 (1210,600 (1--
997,000) 997,000) 

DFI DFI ↑↑ (r = 0.12)(r = 0.12)

(volume count volume count 
motility viability motility viability 
morphology morphology ↓↓))

De Jager et al., Hum Reprod, 2009De Jager et al., Hum Reprod, 2009

TOTALTOTAL 11211121



DDE plasma concentrations detected DDE plasma concentrations detected 
worldwideworldwide



Environ Health Perspect 116: 269–277, 2008

The study did not provide direct evidence of hormone-like activity of PCB-153 and of p,p´-DDE 
Serum concentrations of these compounds were not consistently related to either endogenous or 
exogenous hormone activity in serum 

Several links bewteen POP exposure and biomarkers of male reproductive function were identified: 
1) An association between high CB-153 serum levels and low sperm counts was detected within a 
subgroup of men with short androgen receptor CAG repeat length
2) A relationship between increased CB-153 serum concentrations and decreased sperm motility was 
seen in all four studied regions, and indications of reduced neutral α-glucosidase activity in seminal 
plasma point to a post-testicular effect 
3) Damage of sperm chromatin integrity was considerably less frequent in Greenlandic Inuits 
compared with that in European groups, and only in the latter was impairment of sperm chromatin 
integrity related to POPs
4) Fertility in terms of time taken to conceive was not related to POPs except in Inuits (a likely 
explanation of the latter was not identified)

CONCLUSIONS 
POPs may interfere with male reproductive function without major impact on fertility. The data do not 
provide direct evidence for endocrine disruption, hence other mechanisms should also be 
considered.



CONCLUSIONSCONCLUSIONS
Occupational and environmental exposures can affect the fractionOccupational and environmental exposures can affect the fraction of genetically of genetically 
abnormal sperm  abnormal sperm  

For many compounds, the association is only suspected or suggestFor many compounds, the association is only suspected or suggested and needs ed and needs 
further evaluation before conclusions can be drawnfurther evaluation before conclusions can be drawn

Exposure assessment should be more accurate, especially dealing Exposure assessment should be more accurate, especially dealing with compounds with compounds 
associated with personal lifestyles associated with personal lifestyles 

Need of studies relating sperm DNA integrity in the adult with hNeed of studies relating sperm DNA integrity in the adult with his past exposure during is past exposure during 
pregnancypregnancy

Health consequences in the offspring are presently unknownHealth consequences in the offspring are presently unknown

Effects of chronic inflammatory pathologies and medical treatmenEffects of chronic inflammatory pathologies and medical treatments together with the ts together with the 
importance of dietary factors and importance of dietary factors and nutriceuticalsnutriceuticals should be considered in future studiesshould be considered in future studies

Need of identifying vulnerable subpopulations, which is criticalNeed of identifying vulnerable subpopulations, which is critical to our understanding to our understanding 
of risk and the protection of public health of risk and the protection of public health 

Need of research on the underlying mechanisms by which chemicalsNeed of research on the underlying mechanisms by which chemicals may alter human may alter human 
fertilityfertility
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