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Demographic Evidence of Sex
Differences in Vulnerability to
Infectious Diseases

To THE EpIToR—The journal’s recent sup-
plement on sex differences in susceptibil-
ity and response to infectious diseases
was an excellent initiative for promoting
research on a neglected topic of major in-
terest [1-8]. If, in general, males show a
higher susceptibility to many infectious
diseases, the reviews displayed a number
of infectious and autoimmune diseases
for which females are more vulnerable.
Differential vulnerability between males
and females may come from exposure, in-
fection (local or systemic), immune reac-
tion, or a combination of these factors.
Evidence came mainly from medicine,
epidemiology (direct observation), and
biology (animal models and in vivo ob-
servation). I address another dimension:
demographic evidence.

We directed a population observatory
in Niakhar, Senegal, West Africa, in which
a comprehensive demographic surveil-
lance system (DSS) monitored causes of
death, as well as family behavior. In this
population, there was no evidence of
any differential behavior between boys
and girls, as is generally true in African
countries [9]. But mortality was higher

for girls than for boys for selected diseas-
es (measles and pertussis), despite similar
incidences. Furthermore, a randomized
controlled trial of the Edmonston-Zagreb
high-titer measles vaccine demonstrated
a higher susceptibility to measles virus
among girls [10].

Following these observations, my col-
leagues and I reviewed death statistics
published by the World Health Organiza-
tion (WHO), with special attention to
measles [11, 12]. These are medically certi-
fied causes of death, gathered and stan-
dardized by the WHO. In this huge
sample of 15.8 million deaths, there was
clear evidence that female mortality was
higher from some infectious and parasitic
diseases but not from others. Furthermore,
female mortality was higher at certain ages,
especially among older children and young
adults, but not at other ages (Table 1). For
most diseases, exposure and infection
could be considered similar for males and
females, so that mortality variations sug-
gested differential resistance to severe
infection.

The higher female mortality from se-
lected causes and in certain age groups
in high-mortality populations was docu-
mented earlier, although with fewer de-
tails [13]. In our study, the age groups
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with higher female mortality were highly
specific. Excess female mortality was rarely
found among individuals aged <1 year,
was common at ages 1-11 years, very com-
mon at ages 12-24 years, common at ages
25-49 years, but rare at ages >50 years,
and it varied by disease.

In 1997, we proposed a theory to ex-
plain sex differences in mortality based
on the T-helper type 1 (Th1)/Th2 bal-
ance [11]. In brief, it states that hormones
interfere with immunity, so that females
appear to be more vulnerable to diseases
for which an excessive Th2 response is
deleterious. This may explain why sex dif-
ferences vary with age: childhood is an
age of mini-puberty, 12-24 years is the age
of puberty and early adulthood, and age
>50 years is beyond the occurrence of
menopause, all with very different hor-
monal profiles.

A few examples will illustrate the
changing pattern by age. Higher female
mortality from tuberculosis and leprosy
is found among women aged <25 years
but not among those aged >25 years
[11]. Human immunodeficiency virus
(HIV) is also interesting: in African het-
erosexual epidemics, the lifetime risk of
contracting the virus is about the same
for men and women. However, young

Table 1.

Select Diseases With Marked Sex Differences in Mortality

Etiologic Agent

Higher Male Mortality, All Ages

Higher Female Mortality

Ages 1-49y

Young Adults

Viruses Poliomyelitis, hepatitis C

Bacteria Typhoid fever, anthrax, meningococcal
infection, tetanus

Mycobacteria S

Parasites Malaria, trypanosomiasis, schistosomiasis

Smallpox, measles, rubella

Ancylostomiasis

Pertussis, streptococcal infection
(scarlet fever, erysipelas)

Hepatitis B, influenza

Cholera, shigellosis, diphtheria,
paratyphoid fever, syphilis

Tuberculosis, leprosy

Data are from the World Health Statistics Database (http:/www.who.int/gho/publications/world_health_statistics/2014/en/).
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women (ie, those aged 15-24 years) seem
to be more susceptible, with major con-
sequences for the dynamics of the
epidemics [14]. Furthermore, hormonal
contraception could interfere with sus-
ceptibility to HIV, and this applies to
those aged <25 years but not to those
aged >25 years [15].

The genetic characteristics of the or-
ganisms seem to play an independent
role. In another study, based on causes-
of-death statistics in the United States,
my colleagues and I showed that Spanish
influenza virus had a different tropism by
age and sex than other influenza viruses:
it killed proportionately more young
males and fewer older persons [16]. So, a
minor change in the genetic characteristics
of the virus may have a huge effect on age-
specific and sex-specific mortality. The
precise mechanisms remain unknown.

Last, various other factors may interact
with the Th1/Th2 responses and change
the outcome of infection. In a random-
ized trial, my colleagues and I showed
that zinc supplementation, known to af-
fect the Th1/Th2 balance, had a differen-
tial effect on childhood diseases among
boys and girls [17].

During the past 150 years, most infec-
tious diseases for which females were
more vulnerable have been controlled, so
that females gained a serious advantage
over males. This may not last forever if
other diseases with higher male mortality
are also controlled, so that autoimmune
diseases may become a leading cause of
death. In the current situation, however,
males are paying a price for their different
hormonal system and continue to be more

vulnerable to many infectious diseases, to
many noncommunicable diseases, and to
accidents and violence.

Note

Potential conflict of interest. ~Author certifies
no potential conflicts of interest.

The author has submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.
Conflicts that the editors consider relevant to the

content of the manuscript have been disclosed.

Michel Garenne'>*

'Unité d'Epidémiologie des Maladies Emergentes,
Institut Pasteur, and 2UMI Résiliences, Institut de
Recherche pour le Développement, Paris, France; and
3Medical Research Council/Wits Rural Public Health
and Health Transitions Research Unit (Agincourt),
School of Public Health, Faculty of Health Sciences,
University of the Witwatersrand, Johannesburg, South
Africa

References

1. van Lunzen J, Altfeld M. Sex differences
in infectious diseases-common but neg-
lected. J Infect Dis 2014; 209 (suppl 3):
§79-80.

2. Baden R, Rockstroh JK, Buti M. Natural his-
tory and management of hepatitis C: does sex
play a role? J Infect Dis 2014; 209 (suppl 3):
S81-5.

3. Addo MM, Altfeld M. Sex-based differences
in HIV type 1 pathogenesis. ] Infect Dis
2014; 209 (suppl 3):586-92.

4. Gabriel G, Arck PC. Sex, immunity and influ-
enza. | Infect Dis 2014; 209 (suppl 3):S93-9.

5. Nhamoyebonde S, Leslie A. Biological differ-
ences between the sexes and susceptibility to
tuberculosis. ] Infect Dis 2014; 209 (suppl 3):
S100-6.

6. Bernin H, Lotter H. Sex bias in the outcome
of human tropical infectious diseases: influ-
ence of steroid hormones. ] Infect Dis 2014;
209 (suppl 3):S107-13.

7. Klein SL, Pekosz A. Sex-based biology and
the rational design of influenza vaccination

strategies. ] Infect Dis 2014; 209 (suppl 3):
S114-9.

8. Muenchhoff M1, Goulder PJ2. Sex differenc-
es in pediatric infectious diseases. ] Infect Dis
2014; 209 (suppl 3):S120-6.

9. Garenne M. Sex differences in health indica-
tors among children in African DHS surveys.
] Biosoc Sci 2003; 35:601-14.

10. Garenne M, Leroy O, Beau JP, Sene I. Child
mortality after high-titre measles vaccines:
prospective study in Senegal. Lancet 1991;
338:903-7.

11. Garenne M, Lafon M. Sexist diseases. Per-
spect Biol Med 1998; 41:176-89.

12. Garenne M. Sex differences in measles
mortality: a world review. Int ] Epidemiol
1994; 23:632-42.

13. Preston SH. Mortality patterns in national
populations. New York, NY: Academic
Press, 1976.

14. Leclerc PM, Matthews AP, Garenne ML. Fit-
ting the HIV/AIDS epidemic in Zambia: a
two-sex micro-simulation model. PLoS One
2009; 4:e5439.

15. Leclerc PM, Dubois-Colas N, Garenne M.
Hormonal contraception and HIV preva-
lence in four African countries. Contracep-
tion 2008; 77:371-6.

16. Noymer A, Garenne M. The 1918-influenza
epidemic’s effects on sex differentials in mor-
tality in the United States. Popul Dev Rev
2000; 26:565-81.

17. Garenne M, Becher H, Ye Y, Kouyate B,
Miiller O. Sex-specific responses to zinc sup-
plementation in Nouna, Burkina Faso. ] Pe-
diatr Gastroenterol Nutr 2007; 44:619-28.

Received 5 July 2014; accepted 14 July 2014.; electronical-
ly published 11 August 2014.

Correspondence: Michel Garenne, PhD, Institut Pasteur, 25 rue du
Dr. Roux, Paris, Seine 75015, France (michel.garenne@pasteur fr).

The Journal of Infectious Diseases®  2015;211:331-2
© The Author 2014. Published by Oxford University Press on
behalf of the Infectious Diseases Society of America. This is
an Open Access article distributed under the terms of the
Creative Commons  Attribution-NonCommercial-NoDerivs
licence (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial reproduction and distribution
of the work, in any medium, provided the original work is not
altered or transformed in any way, and that the work is
properly cited. For commercial re-use, please contact journals.
permissions@oup.com.

DOI: 10.1093/infdis/jiu448

332 e JID 2015:211 (15 January) ¢ CORRESPONDENCE


mailto:michel.garenne@pasteur.fr
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:journals.permissions@oup.com
mailto:journals.permissions@oup.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


