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Introduction

Worldwide, male fertility has dropped steadily over
the last several decades, with estimates of over 50% re-
duction in sperm counts having been reported.1 Although
the causes of this decline are by no means clearly under-
stood yet, several factors have been implicated. These in-
clude unhealthy lifestyles and occupational hazards, in-
fections, and congenital abnormalities.2,3 In recent years
emphasis in research has focused on chemical substances,
environmental toxins, endocrine disrupters, and ionizing
radiation, all of which have been shown to be capable of
disrupting spermatogenesis.4,5

Severe thermal injury produces devastating morbidity
spreading across almost all the body systems. Burns cause
an inflammatory and cytokine response that is now known
to persist for several months into the post-burn period.6 In
children, for instance, pathophysiological changes post-burn
establish a hypermetabolic state characterized by raised
cardiac and respiratory rates and increased breakdown of
lipids and protein, with a negative nitrogen balance and
reduced lean body mass. The cytokine response shows el-
evated levels of key markers, especially interleukins, but
also including interferon-gamma, monocyte chemoattrac-
tant factor-1(MCP-1), and C-reactive protein.6-9 Jeschke et
al. have established the fact that apart from the cate-
cholamine response that modulates the shock phase, more

widespread changes occur in the endocrine system in burn
patients, involving for example thyroid and sex hormones.6

Studies have shown alterations in serum levels of follicle
stimulating hormone (FSH), luteinizing hormone, and
testosterone in people with severe burns.10

We and others have shown in a number of studies that
testicular damage may occur in people with severe burns.10,11

However, infertility is one of the least studied complica-
tions of burns and published studies on it are scanty in the
literature we have reviewed. Consequently, little is known
about sperm quality and the mechanisms leading to tes-
ticular damage in these cases. We therefore studied sperm
parameters in men who had recovered from severe burns
for several months after their recovery in order to charac-
terize changes in sperm density, progressive motility, and
abnormal morphology rates.

Materials and methods

Materials
Twenty adult male patients treated for severe burn in-

juries over a two-year period and attending follow-up clin-
ics were recruited into this study. Written informed con-
sent was obtained from all entrants. The study was ap-
proved by the Ethical Review Committee of our teaching
hospital and complied with the requirements of the Helsin-
ki Declaration on human studies, as amended.
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month period. Our results show that these subjects had significantly lower total sperm counts than normal for their age range.
Sperm counts were 20 million/ml or less in half of the study population with a mean of 26.58 ± 7.52 m/ml.  Progressive motility
was even more severely affected; the score was less than 20% in more than half of the patients, with a mean of 27.74 ± 7.64.
Though abnormal sperm rates were within the normal range, in many of the patients 80% of abnormal cells had swollen, oblong
and round heads. Cells with tail anomalies made up the rest. Our findings suggest that severe burns cause significant reduction of
sperm density and motility. They also cause specific head abnormalities in the cells produced. Such sperm is now known to have
very poor fertilization potential.
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Exclusion criteria were as follows: history of signifi-
cant genitourinary tract infection prior to or during the burn
management; burn injury involving the perineum; pre-burn
history of metabolic diseases, including diabetes mellitus
or goitre, and a previous history of infertility in a married
couple, irrespective of the cause and any history of child-
hood mumps or tuberculosis, past or present.

Methods
Serial semen samples were collected by masturbation

after one week’s continence at monthly intervals over a
period of 4 months and analysed within 30 minutes in the
same laboratory by an experienced but blinded investiga-
tor. The procedure applied followed current WHO guide-
lines for analysing human semen. The result for each pa-
tient was taken as the mean of these four measurements.
Samples were analysed for total sperm count, progressive
motility, and abnormal sperm rate.

Results

Demographics
The patient’s ages ranged between 25 and 53 yr (mean,

35.3 ± 3.26 yr) (Table I). Of the 20 patients, 16 (80%)
sustained major burns i.e. burn area in excess of 20% to-
tal body surface area (TBSA). The extent of injury ranged
from 13 to 60% TBSA, with an overall mean of 33.11 ±
13.14%. Burn depth was full thickness in 13 patients (65%)
and partial thickness in 7 (35%).

Sperm parameters
Sperm density ranged from zero to 109 million/ml

(m/ml), with a mean of 26.58 ± 7.52 m/ml. Out of the 20
patients, 15 (75%) had a sperm density of less than 40
m/ml. Sixty per cent of the subjects had total counts of 20
m/ml or less (Table II).

Progressive motility ranged between zero and 80%,
with a mean of 27.74 ± 7.64% (Table III).

The abnormal sperm rate ranged from 10 to 95%. The
majority of the abnormal cells (>80%) had oblong, swollen,
and apparently oedematous heads. Tail abnormalities made
up the rest (Table IV).

Discussion

Our results show that these subjects had significantly
lower total sperm counts than expected for a fertile pop-
ulation. The total sperm count was 20 m/ml or less (i.e.
clinically oligospermic) in half of the study population. In
three-quarters the count was less than 40 m/ml, a figure
considered by many as a critical level below which fertil-
ity problems begin to be common.12 But probably more
significant, in terms of its impact on the fertility status of
these individuals, is the finding that the progressive motil-
ity score was less than 20% in more than half the patients,
since motility and morphology are very important deter-

minants of fertilization and conception potential.13,14 There
is no agreement among researchers on how sperm param-
eters predict fertility15-17 and the usefulness of the WHO
reference figures is currently seriously disputed.18 Few how-
ever will doubt that, at least in unaided situations, a crit-
ical level of normally shaped sperm is required for con-
ception, irrespective of total counts.16

It is also widely believed that the threshold total count
below which fertility problems become likely is around 40
m/ml.12 In a rigorously designed comparison of a fertile
and a subfertile population, Menkveld et al.16 found the
best discriminating parameter to be sperm morphology.
The critical cut-off point in that study was 31% for mor-
phology and 45% for motility, using WHO criteria. Oth-
er studies have however queried the predictive power of
sperm morphology, favouring sperm density and motility.19

Age (yr) 35.30 ± 0.36
Time to admission (hr) 80.00 ± 2.74
Third degree (%) 65
TBSA (%) 33.11 ± 13.14
Data given as mean ± SEM or percentages.

Table I - Demographics of the twenty subjects

Count in millions/ml Number of subjects Percentage of subjects
Less than 0.5 m/ml 1 5.0
1-5 m/ml 6 30.0
6-10 m/ml 2 10.0
11-20 m/ml 3 15.0
21-40 m/ml 6 30.0
More than 40 m/ml 2 10.0
Total 20 100

Table II - Sperm density

Percentage motile Number of subjects Percentage of subjects
Less than 20% 13 65.0
21-40% 4 20.0
41- 60% 1 5.0
More than 60% 2 10.0
Total 20 100

Table III - Progressive motility scores

Percentage abnormal Number of patients Percentage of patients
sperm
Less than 20 4 23.6
21-40 7 41.2
41-60 3 17.6
61-80 2 11.8
More than 80 1 5.9
Total 17 100

Table IV - Abnormal sperm rates
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Optimum levels of sperm production require precise
physical and biochemical homeostasis as well as appro-
priate endocrine stimulus - for example, in most mammals,
including man, any sustained elevation of intrascrotal tem-
perature above a certain level disrupts spermatogenesis.20,21

The few studies published so far on burn-related in-
fertility suggest that testicular damage may occur in se-
verely burned men.10,22  The precise mechanisms by which
this damage occurs are yet to be fully elucidated. Several
processes are likely to be involved. Severe burns cause a
significant alteration in a wide range of biochemical and
endocrine markers of the biological milieu which initiate
a sustained inflammatory reaction that is now known to
continue for several months into the post-burn period. In
children at least this leads to wasting and a negative ni-
trogen balance and may cause testicular atrophy.

Jeschke et al.6 have demonstrated wide-ranging changes
in the cytokine profile of burned children. Of 17 cytokines
assayed in their study, there was a drastic increase in the
serum levels in 16 of them, especially IL6, IL8, MCP-1,
and MIP-1-beta.6 There is also considerable alteration of
immune responsiveness in burn victims.23

A marked alteration of function has been demonstrat-
ed in the hypothalamo-pituitary organ axis after major
burns.24,25 Some studies have reported alterations in serum
levels of reproductive hormones with a fall in testosterone
and FSH which was difficult to reverse with chorionic go-
nadotropin in the severely burned.10 Others have reported
a fall in testosterone levels accompanied by rising estra-
diol and progesterone levels.10,22 Such a configuration will
compromise the hormone support needed for optimum sper-
matogenesis. In the seminiferous epithelium, Sertoli cells
are FSH-dependent. Sertoli cells secrete clusterin, which
is now known to mediate many cell-to-cell interactions
critical to many of the later stages of spermatogenesis.26

In our study the abnormal cell rate compared well with
that in the general population. In 17 out of the 20 patients
(85%), there were abnormal sperm rates of 60% or less.

There was however a preponderance of head abnormali-
ties, with swollen, oblong, and round heads constituting
about 80% of the abnormal cells seen. Tail anomalies made
up the rest. However, swollen heads imply oedema, un-
ravelling chromosomes, and DNA damage, a process that
renders sperm functionally worthless, since sperm pene-
tration and other critical early events in the conception
process are impaired if the integrity of the membrane or
the DNA in the head area are compromised.27,28

The progressive motility score was less than 40% in
more than three-quarters of the subjects. Peroxidation of
fatty acids in sperm plasma membrane has been shown to
impair fluidity and fertilizing ability.29 Circulating cytokines
and other mediators of inflammation released after burns
probably alter membrane permeability in the head region,
exposing DNA to toxic damage.

We noticed that semen samples in most of the sub-
jects yielded positive cultures of pathogenic organisms.
This was most likely due to the effects of urethral catheter-
ization, which is practised in the early stages of manag-
ing patients with severe burns. Although this would amount
to contamination of the semen by urethral organisms rather
than infection of the testes, studies are required to deter-
mine the contribution, if any, of such urethral infection to
the reduced fertility seen in these subjects.

Conclusion

In conclusion, we confirmed in this study the findings
of previous investigators that there is a statistically sig-
nificant reduction in key indices of sperm quality in se-
verely burned people. We also delineated a specific type
of sperm head abnormality as the preponderant morpho-
logical finding in the samples studied. Studies are needed
in order to elucidate the pathways of testicular suppres-
sion in these subjects and to design effective action against
the problem.

RÉSUMÉ. Les lésions thermiques graves se produisent fréquemment, surtout dans les pays à revenu bas, où elles sont respons-
ables d’une mortalité élevée et d’une vaste gamme de morbidité dévastatrice. Presque tous les systèmes corporels sont affectés, y
compris les systèmes cardiovasculaires, immuns et reproducteurs. Plusieurs études ont montré que les hommes atteints de graves
brûlures sont exposés au risque d’une altération de la spermatogenèse et à des dégâts testiculaires. Cependant, si on considère les
nombreux systèmes qui sont affectés négativement par les brûlures, on peut constater que les effets sur le système reproducteur
n’ont pas été soumis à des études approfondies, et par conséquent ils sont très peu connus. Nous avons donc évalué les modifica-
tions dans la qualité du sperme de 20 hommes qui s’étaient rétablis après avoir souffert de graves brûlures. Ils ont fourni du sperme
à intervalles mensuels pour être analysé pendant une période quatre mois. Les résultats indiquent que ces sujets présentaient une
numération spermatique totale considérablement inférieure aux valeurs normales pour leur tranche d’âge, c’est-à-dire de 20 m/ml
ou moins dans la moitié de la population de l’étude (valeur moyenne, 26,58 ± 7,52 m/ml). La motilité progressive a été affectée
en manière encore plus notable, avec une valeur de moins de 20 dans plus de la moitié des sujets (valeur moyenne, 27,74 ± 7,64
(m/ml). Même si les valeurs du sperme anormal restaient entre les limites de la normalité, dans un grand nombre des sujets 80%
des cellules observées avaient la tête gonflée, oblongue et ronde. Les cellules restantes présentaient des anomalies dans la queue.
Nos résultats semblent indiquer que les brûlures graves provoquent une réduction significative dans la densité et la motilité du
sperme, comme aussi. Elles causent en outre des anormalités spécifiques dans la tête des cellules produites. On sait maintenant que
ce type de sperme possède une potentialité de fécondation très faible.
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