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Thanks

To the mothers of Bandim who were used to
50% of their children dying before five years of
age but understood that something extraordi-
nary had happened when measles vaccine was
introduced in 1979 (see Chapter 2). Child survi-
val could be improved. They have supported
the project ever since. We pursued the implicati-
ons of this observation but often failed in our
subsequent attempts to improve child survival.
However, the mothers continued to collaborate
with the project appreciating the interest in the
health of their children. Hopefully we can conti-
nue to demonstrate this concern.

To the many individuals who have worked for
the project over the 30 years, more than 400
Guinean assistants, drivers, accountants, lab
technicians, nurses, and physicians, and more
than 120 expatriate students, volunteers and
experts.

To the foundations and institutions which have
taken an interest in and supported our work,
including in alphabetic order Aage og Johanne
Louis-Hansens Fond, Aase og Ejnar Danielsens
Fond, Abott A /S, Agence Nationale de Recherche
sur le Sida, A.PMeller og Hustru Christine
Mc-Kinney Mpollers fond til almene Formaal,
Augustinus Fonden, Beckett-Fonden, Carl P
Petersens Fond, Codan Fonden, COWI, Dagmar

Marshalls Fond, DANIDA, Danish Research
Network for International Health, Dansk Selskab
for Paediatrisk Allergologi og Pulmonologi, Den
danske lungeforening, Det Danske Pasteur-
Selskab, Direktor Jacob Madsen og hustru Olga
Madsens Fond, Dronning Louises Bernehospitals
Forskningsfond, EDTCP, Effective Interventions,
Else og Mogens Wedell-Wedellsborg Fond, EU
research programmes (INCO, FP6), EU
Humanitarian Aid (ECHO), EQIPO, Fhv. direk-
tor Leo Nielsen og Hustrus Fond, Figo Fonden,
Folkekirkens Nodhjeelp, Fonden af 1870, Fonden
til leegevidenskabens Fremme, Forsker-
akademiet, Forskerskolen i International Sund-
hed, Forskerskolen i Folkesundhedsvidenskab,
Forskningsfagligt udvalg under DANIDA,
Forskningsradet for Sundhed og Sygdom, Gates
Malaria Partnership, Generalkonsul Friedrich
Bohm og datter Else Bohms Fond, Gerhard
Brendsteds rejselegat, Global Fund, Guldsmed
A.L.&D. Rasmussens Mindefond, Grosserer
Ludvig Berlin og Frk. Marie Poulsens Fond,
Grundforskningsfonden, Habitat, Hans og Nora
Buchards Fond, Hermann Nielsens Fond,
IANPHI, Illum Fondet, INDEPTH, Instituto
Valenciano de Infertilidad, Kong Christian den
X’s Fond, Konsul Johannes Fogh-Nielsens og fru
Ella Fogh-Nielsens Legat, Krista og Viggo
Petersens Fond, L. Meltzers Hoyskolefond, Legat
til yderligere opleering indenfor forskning,



Lions Club, London School of Hygiene and
Tropical Medicine, Lundbeckfonden, Lunds
Universitet, Laegeforeningens forskningsfond,
March of Dimes, Max og Anna Friedmanns
Fond, Medical Research Council, The Gambia,
Michaelsen Fonden, Ministére Francais de la
Coopération, MINSAP Guinea-Bissau, Mogens
Svarre Mogensens Fond, Meersk, Norway’
Research council, Novo Nordisk Fonden, Oticon
Fonden, Overleege Ekkert Petersens Mindelegat,
PIER — American College of Physicians, Rosalie
Petersens Fond, Radet for Udviklingsforskning
(RUF), SAREC, Scandinavian Society of
Antimicrobial Chemotherapy, SIDA, Arhus
Universitetshospital Skejby, Arhus Universi-
tetshospital Skejbys’ Forskningsinitiativ, SMI,
Stockholm, Statens Sundhedsvidenskabelige
Forskningsrad, Statens Serum Institut, Swedish
Embassy, Bissau, Swedish Researh Council, Task
Force Sight and Life Foundation, Th. Maigaards
Eftf. Fru Lily Benthine Lunds Fond af d. 1. juni
1978, Thrasher Research Foundation, Tode lega-
tet, UNICEF-Bissau, University of Aarhus,
University of Bergen, University of Copenhagen,
UNDP, UNFPA, Ville Heises Legat, Virogates,
W. Buhl Olsens Mindelegat, Welcome, WHO,
WHO/GPA, WHO/TDR, World Bank, Athus Amt,
Arhus Universitetshospitals Forskningsinitiativ.
Hopefully they will continue to find it worth-
while to support BHP.

To those who supported our work but also to
those who claimed our results were impossible,
unplanned, and biologically implausible and
obliged us to document even better that most of
our observations are reproducible. New know-
ledge does not start by planning to see the
expected and biologically plausible. New know-
ledge starts by pursuing the contradictions in
our common assumptions and seeing the same
pattern again and again. To those who helped
seeing something new.
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Bandim Health Project

2003-2008:

Improving child survival

This is a collection of highlights of major research
themes investigated by the Bandim Health
Project (BHP) during the last 5 years, as well as
a bibliography of what has been published. The
background to this research has been described
in the previous booklet from the first 25 years:
1978-2003. That booklet also contained a descrip-
tion of how Health and Demographic
Surveillance System (HDSS) research is condu-
cted in Bissau.

The main objective of the BHP has remained the
same: through the HDSS to assess the overall
impact of the common interventions sponsored
by international donors. The last 5 years has
been a period of both consolidation and expan-
sion with respect to geographical and institutio-
nal study area, capacity building, research the-
mes, and local and international collaboration.

Geographical and institutional
research areas

In 2002, BHP included the two adjacent districts
Cuntum 1 and Cuntum 2 (see Map) in order to
follow a population large enough to study the
impact of interventions on child survival. By now
the BHP’s HDSS covers slightly more than 100,000
people in the capital, or around 30% of the capi-
tal’s population. In the interior the cluster sample
surveillance system has been extended from the
original 5 regions to include all 10 health regions
in the country. Hence, we now cover the whole
country with two mobile teams which visit the 20
clusters in each region every six months to collect
information on important health indicators. This
expansion was made possible by support from
the Ministry of Health and a grant from the
World Bank through a two year period to collect
information on health indicators for the national
plan of health. The challenge now will be to secure
funding to maintain this national coverage.



We have also expanded in terms of institutional
collaboration. Going back to 1990, BHP has regi-
stered the children from the study area who
were hospitalised at the national hospital’s
paediatric ward. This collaboration has gra-
dually been extended in 1997 to include all
children hospitalised at the ward and more
recently to registration of all outpatient consul-
tations. BHP has become more and more invol-
ved in research of how to manage the paediatric
ward as described in Chapter 9. During the last
6 years we have also expanded the collaboration
with the national hospital’s maternity ward
including most of the children born at the hospi-
tal in various trials to assess the impact of the
first interventions in life like BCG vaccination
and administration of oral polio vaccine. Around
60% of the deliveries in the project area occur at
the maternity ward of the national hospital.
Since 1990 we have registered all children who
were born at the ward. Now we administer BCG
vaccination to all children and have recently
helped with starting HIV screening for the
mothers giving birth at the ward. It has always
been possible to follow the children from the
study area long-term. Low-birth-weight (LBW)
children are a high risk group with a very high
mortality. In order to have a sufficiently large
group and to be able to follow them long-term
we are enrolling all LBW children born at the
ward and drive them home wherever they live
in Bissau in order to have proper identification
of their residence.

Though child mortality has been the main theme
of BHP, we have gradually expanded research to

questions of adult health, particularly tubercu-
losis (TB) and HIV infection. This has also invol-
ved increasing collaboration with the national
programmes for control of TB and HIV. As will
be apparent from Chapter 32 we have become
intensively involved in the national programme
for administration of antiretroviral treatment.

Capacity building

DANIDA’s ENRECA programme has funded a
significant proportion of the BHP’s operations
in order to strengthen research capacity in
Guinea-Bissau. The programme has involved
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English language training since English is the
language of science. Computer literacy is uncom-
mon in Guinea-Bissau and a good deal of trai-
ning has gone into improving the capacity to use
computers. All the 12 candidates have gone for
master courses in international health or epide-
miology abroad, in Denmark, Sweden, UK, or
Brazil. However, the key theme of the training
has been that they should study health issues in
Guinea-Bissau so all have been involved in data
collection in Bissau. Those who have gone on to
conduct PhD research have all done their data
collection and most of the analysis in Guinea-
Bissau. PhD candidates have taken part in inten-
sive courses abroad and have been to Denmark
for several months for the write up of their the-
sis. So far Amabelia Rodrigues has defended her
thesis on the protective effect of lime against
cholera and became the first PhD in health in
Guinea-Bissau. Two candidates have submitted
their theses. Two are in the process of writing up
and a further three are enrolled.

BHP has also been intensively involved in
research training for Europeans. Without getting
outside capacity and funding for such research
project it would not have been possible to secure
the critical mass of researchers in Bissau and to
maintain our research agenda. During the last 5
years 16 candidates from Denmark, Norway,
Sweden and Holland have defended their theses
based fully or partly on date collected in Guinea-
Bissau. A further five candidates are currently
enrolled in PhD programmes.

Research agenda

Most of the interventions sponsored by interna-
tional donors are based on a very simple model
of looking at one health problem at a time - for
example, measles infection, breastfeeding, mala-
ria treatment, malaria control, or vitamin A defi-
ciency - and designing a solution to that particu-
lar problem. Time and again we have experien-
ced that the impact of the interventions on child
health may be totally different from what was
anticipated because many of the interventions
are immuno-stimulatory and may have an
impact on how the child can handle other infec-
tions but also because different immuno-stimu-
latory interventions may interact producing
unexpected results. This lesson was learnt
during the first years of the project when we
saw the dramatic effect of measles vaccination
on child mortality, mortality declining with
more than 50% from one year to the next (see
Chapter 2). It took 15 years to understand that
this effect could not be explained with current
concepts. It was not protection against acute
measles infection or prevention against long-
term negative effects of measles infection which
explained the impact on survival. The experi-
ence with high-titre measles vaccine (HTMV)
increasing female mortality even though the
vaccine was fully protective against measles
infection provoked the idea that vaccines may
have non-specific immune stimulatory effects
with a major impact on child survival. We have
gradually through the 1990s and early 2000s
extended this idea to the other routine vaccina-
tions like BCG, oral polio vaccine (OPV),



diphtheria-tetanus-pertussis (DTP) vaccine,
hepatitis B vaccination (HBV), inactivated polio
vaccine (IPV), and smallpox vaccine (Chapters
13-23). In our observational studies the patterns
have been very systematic, the vaccines often
producing sex-differential effects. Interestingly
the idea has also been extended to micronutri-
ents. The impact of vitamin A supplementation
(VAS) can not be explained by the common vita-
min A-deficiency hypothesis. VAS is also an
immuno-stimulant and it interacts apparently
with vaccinations, producing totally unexpected
results (Chapters 25-29).

These observations have been very controversial
because they question major assumptions under-
lying the current standard intervention pro-
grammes to reduce child mortality. Apart from
withdrawing HTMYV, the international public
health community has not taken the observati-
ons on non-specific effects of vaccines and vita-
min A into consideration and mostly dismissed
this as observational studies from Guinea-
Bissau. We have therefore during the last 5-6
years extended collaboration with other HDSS
to examine the data they had on vaccination. In
studies from Malawi, Senegal, The Gambia,
Sudan, Congo, and Ghana we have been able to
document similar patterns of non-specific and
sex-differential effects of vaccines and VAS.
However, importantly we have also started
several randomised clinical trials to document
the existence and importance of non-specific
effects of several different vaccines and VAS. As
indicated in later chapters, these studies have
documented non-specific and sex-differential

effects. However, it has not always been the
results we had planned. The main reason is that
there are far more interactions than is normally
appreciated; VAS campaigns and administration
of other vaccines may have an impact on the
survival of the vaccinated children enrolled in a
trial. For example, the negative effect of HTMV
for girls was not due to HTMV per se but the
DTP vaccinations administered after HTMV
(Chapter 18).

There has recently been more inte-
rest in non-specific effects of vacci-
nes and the Global Advisory
Committee on Vaccine Safety of the
WHO has declared that it will keep
a watch on non-specific effects of
vaccines but also that observational
studies will not be sufficiently con-
vincing evidence if they stand
alone. Hence, further randomised
trial will be needed. Given what we
know now about interactions bet-
ween different interventions and
the fact that mortality levels are
declining (Chapter 2), this will be very deman-
ding.

We have also used the population basis to con-
duct other intervention trials for example, of the
use of prophylactic antibiotics in the manage-
ment of measles infection (Chapter 5). Though
such use of antibiotics has been controversial, it
did in fact reduce severity of measles infection.
Following a previous unplanned observation of
no benefit from encouraging exclusive breast-
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feeding, we conducted a randomized clinical
trial of intensive promotion of exclusive breast-
feeding. The control group was visited in a
similar way as the intervention group but was
left to follow the usual practices for introduction
of water and supplementary feeding. Though
the intervention group did follow advice and
delayed the introduction of water and supple-
mentary feeding, they experienced no health
benefit from being compliant. Children in the
intervention group grew worse and had slightly,
but not significantly, higher mortality than the
control group (Chapter 24). The long-term per-
spective has made it possible to follow the girls
we vaccinated against measles 20 to 25 years ago
and see that mothers who have been vaccinated
in childhood have much lower antibody levels
than women who have natural measles infec-
tion. These antibody levels are transferred to the
children and children born to immunized
mothers are therefore becoming susceptible
much earlier than before. This became clear
during a recent measles epidemic in Bissau,
nearly 20% of the children getting measles
before 9 months of age the current recommen-
ded age for measles vaccination (Chapter 19).
During the outbreak we managed to show that
it is possible to vaccinate effectively against
measles already at 4%2 months of age.

Following a large adult population we have in
the recent decade started looking at risk factors
for adult morbidity and mortality (Chapter 22,
30-35). So far we have conducted two trials to
examine whether postpartum haemorrhage
could be reduced with misoprostol (Chapter 30)

and whether vitamin D improved efficacy of TB
treatment (Chapter 34). More such trials are
likely to be conducted in the future.

Local and international collaboration

After 30 years, BHP is finally — with support
from the Danish National Research Foundation
and the Novo Nordisk Foundation - getting it
own buildings for housing the research activi-
ties and archives (see Photo). The health sector
in Guinea-Bissau is becoming increasingly aware
that BHP is an important provider of trained
people and of data on the current health situa-
tion in Guinea-Bissau. BHP is therefore also one
of the key institutions in the National Institute
of Health recently formed in Guinea-Bissau.

Through the last 5 years the international colla-
boration has grown in importance. There are
signs of increasing donor interest in strengt-
hening local research capacities and in collabo-
ration with the MRC, The Gambia, we are invol-
ved in plans to strengthen research training and
collaboration between different West African
institutions. The research collaboration with
MRC in the areas of retroviral infections and
non-specific effects of vaccines has also been
expanded.

BHP has been part of many research initiatives
within the framework of the INDEPTH Network
and we have reanalyzed data from several
INDEPTH sites. We have also established a
working group within INDEPTH which will



deal with overall impact of interventions in
childhood, particularly vaccinations and micro-
nutrients. In a longer perspective these sites will
hopefully be interested in measuring the impact
of interventions in randomised trials. Ideally the
INDEPTH Network has the potential to measure
the overall impact of donor interventions in dif-
ferent settings with interaction with different
interventions. This could make a real difference
for child survival if interventions were properly
tested before they were introduced.

Bandim Health Project 2008-2013

Five years ago we predicted that vaccine issues
will dominate the research agenda for years to
come. Our results have often been considered
impossible, unplanned and biologically implau-
sible. However, they are repeatable and that is
where scientific inquiry should start. With all
the results we have obtained in the last five
years, it can safely be predicted that vaccines
will continue to dominate the research agenda.
However they will do so in interaction with
other immuno-stimulants like vitamin A and
other micronutrients. It will also become increa-
singly important that boys and girls react diffe-
rently to many of these interventions. Hence, it
might be better in some situations to treat boys
and girls differently. It will be very important to
conduct more research to understand the immu-
nological mechanisms involved in both benefi-
cial and negative non-specific effects. Though
we have used mortality as the main outcome in
most of our trials, mortality is luckily declining

and it will be necessary to develop a consensus
within the international health community about
which morbidity and growth patterns and
immunological reactions can be used as proxies
for beneficial and negative non-specific effects.
New vaccines — for example rotavirus vaccine,
malaria vaccine, pneumococcal vaccine, mono-
valent poliovaccine and HPV - are becoming
increasingly important for the international
public health agenda. Given our previous obser-
vations such new vaccines will have to be tested
for possible non-specific effects and for interac-
tions with other vaccinations if we are to gain
the full benefit of their targeted effects.

mm’-,i_guuul -"'-"M

————

The new office of the BHP
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Child mortality in Bissau
- the last 30 years

The Bandim Health Project (BHP) has followed
the population in the district Bandim 1 in the
capital Bissau since December 1978. At the time
the population was 6,200. The population follo-
wed in Bissau has gradually increased to more
then 100,000, both because the population con-
centration has increased dramatically — Bandim
1 has now more than 30,000 inhabitants - but
also because we have gradually included the
neighbouring districts. Bandim 2 and Belem
were included in 1984, Mindara in 1993, and
Cuntum 1 and Cuntum 2 in 2002 (see Map in
Chapter 1).

Over the 30-year period from 1978 to 2008, child
mortality has changed in major ways (Figure 1),
both due to improved public health interventi-
ons like immunisation and improved general
living conditions. But there has also been counter
trends as for example during the civil war in
1998-99. A major component of under-five mor-
tality is neonatal mortality (Figure 2). The still-
birth rate (Figure 2) is not counted in child

mortality but is a major health problem. It
should be noted that the combined rate of still-
births and neonatal deaths (peri-neonatal mor-
tality) has remained very stable around 9-10%
over the last 20 years. It seems that peri-neonatal
mortality increased in the 1980s. It is possible
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Figure |. Under-five accumulated mortality in the study
area in Bissau. 1978 to 2008.
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Figure 2. Stillbirth rate and neonatal mortality rate in the
study area in Bissau. 1978 to 2008.
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that this is partly a registration problem. We
have become better in registering the pregnan-
cies and we may therefore simply have found
more of the early stillbirths. However, it is worth
noting that neonatal mortality also increased
from the late 1980s to the mid-1990s.

Pattern in child mortality over the
last 30 years

Initial immunisation campaigns: 1978 — 1980.
After independence in 1974 the under-five mor-
tality in Guinea-Bissau was extremely high
(around 500/1000). A census was conducted in
Bandim 1 in the fall of 1978 and a survey to
study the nutritional status and child health was
carried out in December 1978. During the first
year we did register an under-five mortality of
more than 400. From the very beginning of 1979,
we organised antenatal consultations and anti-
tetanus vaccination to the pregnant women.
Hence, the neonatal mortality of 70/1000 we
registered during the first year was probably
lower than it was prior to the introduction of
childhood interventions. At the time there was
no routine childhood vaccination programme in
Bissau. Following the experience with a very
severe measles epidemic with a case fatality of
21% for children less than five years, we arran-
ged a general measles immunisations campaigns
for all children aged 6 months to 6 years of age
when we re-examined the children nutritionally
in December 1979. A similar measles vaccination
campaign was organised again in December
1980. It will be seen that the decline in mortality

was dramatic (Figure 1). The under-five morta-
lity dropped to around 200/1000, a level which
has been maintained through most of the 1980s
and 1990s.

Routine immunisation by BHP: 1981 — 1986.
Having seen the impact of measles vaccination
we started from 1981 introducing routine vacci-
nations, including OPV, DTP and measles vac-
cine, through 3-monthly community sessions in
each sub-district of the study area in which all
children less than 3 years of were weighed and
vaccinated. Malnourished children were identi-
fied. Initially the central vaccination programme
was not willing to let the nurses in the study
area use BCG as this vaccine was considered to
difficult to administer correctly. The mothers
had to go to the central vaccination office in the
city. Few did. Only from 1983-1984 did the
health authorities start using BCG at the main
maternity ward and we were allowed to use
BCG in our community vaccination sessions.
The coverage for BCG increased dramatically.
There was no indication that mortality declined
in this period, if anything it increased slightly.

Routine immunisation: 1986 — 1997. In the latter
part of the 1980s the national immunisation pro-
gramme had become more established and BHP
stopped organising the outreach vaccination
sessions in Bandim. Hence throughout this peri-
od the public health agenda was defined by the
many UNICEF and WHO-sponsored program-
mes to reduce mortality, including immunisati-
ons, essential drugs, and diarrhoea manage-
ment. The impact on under-five mortality levels



was limited (Figures 1 and 2). There was no
trend towards declining mortality levels.
Through the 1980s and 1990s BHP was involved
in a series of measles vaccination trials and bre-
astfeeding promotion studies. These studies
helped secure a high coverage for measles vac-
cination in the study areas.

Civil war: 1998 — 2000. In 1998-1999, Guinea-
Bissau was hit by a civil war. For several months
all people fled from the capital and lived under
miserable conditions as internally displaced
people in the interior of the country. The public
health system broke down. It will be seen that
both neonatal and under-five mortality incre-
ased in this period. Though the health care
system had not become fully operational, there
was a major drop in mortality in 2000. In fact the
under-five mortality seems to have shifted from
200/1000 to 150/1000 around 2000. We have no
clear explanation for this change. During the
war we provided impregnated bed nets to all
pregnant women and young children in the
study area as well as in large parts of Bissau.
This could have been important. The general
measles vaccination campaign for children
under five years of age in the end of 1999 and
the oral polio vaccine and vitamin A campaigns
organised from then on may also have been
important.

Intensive health interventions: 2001 — 2008.
Prior to the war the intervention studies condu-
cted by BHP had mainly focused on measles
vaccination. After the war BHP initiated several
other projects related to BCG vaccination, micro-

nutrient supplementation to pregnant women
and vitamin A supplementation to children both
at birth and later in life. This means that most
newborns and infants are recruited for a trial. As
part of these studies we have also provided free
consultations and some essential drugs. This
may have been important for the decline in mor-
tality that seems to have occurred in the last 7
years. In 2003-2004 there was a small peak in
mortality probably related to a large and severe
measles epidemic.

Public health implications

In conclusion, mortality dropped
dramatically when we introduced
tetanus vaccinations to the preg-
nant women and measles vaccina-
tion. Through the 1980s and 1990s
with the many programmes to
improve child care and child survi-
val, mortality changed very little.
Surprisingly mortality started decli-
ning after the war before the public
health system had become fully
operational. Since neonatal morta-
lity has remained stable, the decline in post-
neonatal mortality is even more dramatic. The
better health services provided to children in the
study area as well as the many campaigns and
decline in malaria morbidity may have contri-
buted to this result. It will be one of the challen-
ges to determine the relative importance of these
interventions. It will also be a major challenge to
reduce the very high peri-neonatal mortality.
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ROTAVIRUS

Background

There is currently a global effort to accelerate the
introduction of new vaccines against rotavirus,
one of the most severe diarrhoeal diseases.
These attempts, which are supported by major
health organisations including WHO and GAVI,
are explained by the fact that infants and young
children worldwide are heavily affected by rota-
virus disease; unlike other diarrhoeas, the com-
mon hygienic measures appear to be ineffective
in preventing this infection and no specific treat-
ment is available for rotavirus disease. Thus,
vaccination is the cornerstone strategy to control
rotavirus infection. Recent estimates suggest
that diarrhoea accounts for 13% to 21% of all
under-five deaths. Globally, it is estimated that
20-70% of all hospitalisations due to diarrhea in
young children and 20% of diarrheal deaths are
caused by rotavirus. Although high-income as
well as low-income countries are affected by

rotavirus disease, the death-toll is substantially
higher in developing countries, and in Sub-
Saharan Africa alone, approximately 110,000 to
210,000 children die each year from rotavirus
infection.

Results

Rotavirus hospital surveillance: In Guinea-
Bissau, rotavirus infections exhibit a seasonal
pattern with annual epidemics occurring during
the relatively dry and cooler months, from
January to April, with few cases registered from
May to December. In the hospital setting rota-
virus accounts for a high case-fatality ratio (8%)
and a high rate of nosocomial transmission:
during the rotavirus season 23% of all children
admitted for non-rotavirus diarrheal disease
acquired rotavirus infection during admission
(>48 hours upon admission). These results cor-



roborate the idea that rotavirus is one of the
most contagious pathogens within the paedia-
tric wards and underscore the need for preven-
tion of disease prior to hospital admission
(168,204)

Prophylactic vitamin A supplementation (VAS)
and rotavirus morbidity: VAS administered to
children above 6 months of age in low-income
countries has been associated with reduction in
mortality from diarrhoea. However, studies of
the prophylactic effect of VAS on diarrhoea mor-
bidity have provided diverging results. During
the rotavirus season 2005, we examined the
effect of VAS on diarrhea disease in infancy in a
randomised trial and in particular whether VAS
would alter rotavirus colonization and morbi-
dity. Contrary to expected, VAS did not reduce
rotavirus colonization and rotavirus diarrhoea;
VAS was associated with a significantly higher
incidence of rotavirus colonization and diarrhea
in the youngest children (Figure). There was no
overall effect of VAS on non-rotavirus diarrhoea
but the effect differed significantly by sex, being
beneficial in boys but not in girls (205).

Future perspectives

In order to study the impact of rotavirus vacci-
nes on morbidity and mortality among Guinean
children we attempt to administer rotavirus vac-
cines to infants in the near future. Assuming that
the rotavirus vaccine proves to be as protective
against rotavirus disease and mortality in

Guinea-Bissau as elsewhere, and therefore a
likely candidate to be introduced to the child-
hood immunisation programme in Guinea-
Bissau, it will be competing with several other
effective interventions against childhood disea-
ses. Therefore the vaccine cost effectiveness still
has to be demonstrated, and upcoming plans
are to conduct a rotavirus cost-effectiveness
study.

References on rotavirus:
21,22, 37,168, 204, 205

Figure.
Cumulative incidence curves, by sex and
presence of rotavirus.
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Long-term consequences of
Chickenpox in Guinea-Bissau

Background

There are virtually no studies of chickenpox in
Africa. Based on a large outbreak of chickenpox
in Bandim in 2000-2001, we described
how the age distribution of chickenpox
cases was similar to high-income coun-
tries. As for measles infection, intensity of
exposure was an important determinant
of severity of chickenpox. Although over-
all acute mortality was low many children
had pneumonia and skin infections.

In contrast to previous ideas, community
studies of measles have suggested that
the long-term consequences of infection
may be beneficial among the children
who survive the acute phase of measles
infection. We therefore examined the
long-term impact of chickenpox infec-
tion.

Results

A total of 111 cases and 111 matched controls
were examined in a 6-month follow-up study.
There were no significant differences in back-
ground factors for these two groups. Weight,
height and mid-upper-arm-circumference
(MUACQ) did not differ for cases and controls at
the time of chickenpox infection or prior to
infection. However, six months after chickenpox
infection, cases had grown better than controls
with respect to weight, MUAC and height. For
all three anthropometric measurements, signifi-
cant differences were found only for girls; there
were no differences for boys (see Table).

The frequency of consultations within the last
month had been high. In both groups 42% had
been to a health centre or the hospital; more
controls (16) than cases (6) had consulted the
paediatric ward. In the month before the exami-



Anthropometry for cases and control at the time of chickenpox diagnosis and at follow-up

TIME OF CHICKENPOX

Controls

Paired Analysis

Mean age at inclusion

sion (mm)

(days) 334 (305-364) 332 (301-362) P =070
Mean weight at inclu- ]

sion (kg) 8.6 (8.2-8.9) 8.5 (8.2-8.9) P =096
Mean MUAC at inclu- 145 (143-148) 143 (140-145) o= ol

FOLLOW-UP: 6 MONTHS AFTER CHICKENPOX

Mean age at follow-up

(100*mm/day)

(days) 499 (469-529) 504 (473-536) P =045
. ] 165 (162-168) 173 (166-179) P =00l
z:a:)t'me of follow-up | £, 5 (164.173) F: 173 (165-181) P =02l
Y M: 161 (157-165) M: 172 (162-183) P =0.02
) 9.5 (9.2-9.8) 9.2 (8.9-9.5) P = 0.04
:'e?"(‘ ‘)”e'ght atfollow- | £ 55 9.1-10.0) F:8.8 (8.5-9.2) P<00l*
p (kg M: 9.5 (9.1-9.9) M: 9.5 (9.1-9.9) P = 0.96*
5.8 (4.8-6.7) 3.4 (22-4.6) P <00l
Mean growth (g/day) F: 5.5 (4.0-7.0) F:2.6 (0.9-4.3) P <00l
M: 6.0 (4.8-7.2) M: 4.2 (2.4-6.0) P = 0.07
147 (145-149) 143 (141-146) P =00l
:'e?;:;mc atfollow- | o\ 47 (144-151) F: 141 (139-144) P =00l
P M: 147 (144-150) M: 145 (141-148) P =027
Mean growth in MUAC | | 5 459 0.5 (-0.6-1.6) P =023

Note: interaction between the effect for boys and girls, p<0.04

19



20

nation, cases had used antibiotics (p<0.03) and
chloroquine more frequently (p<0.09). Skin
infections were more common in cases (p<0.06).
For case children, the occurrence of skin infec-
tions or use of antibiotics could not be related to
the initial severity as measured by number of
pox, maximum fever response, or being a
secondary case (infected at home) (p<0.70).

We also examined the impact on hospitalisati-
ons and mortality in the total cohort of children
in the community including the 1539 children
who had had chickenpox in the outbreak. The
hospitalisation rate ratio (HRR) before 3 years of
age was 1.16 (0.77-1.74) for previous chickenpox
cases compared with children who had not had
chickenpox. There was no difference in the type
of diagnoses reported for previous chickenpox
cases and community controls; for both groups
64% of the hospitalisations were reported to be
due to malaria.

Among the 293 chickenpox cases less than 2
years of age in March 2001, 11 died before rea-
ching 3 years of age. One of the chickenpox
deaths occurred within 30 days and was consi-

dered an acute chickenpox death. If acute morta-
lity was excluded, the mortality ratio between
cases and non-cases was 0.74 (0.39-1.41)) adju-
sting for significant background factors. The epi-
demic was too small to test other factors, but the
effect may have been better for children who were
breast-fed at the time of chickenpox infection.

Conclusion

Weight, height, and MUAC were significantly
better for female cases at follow-up. In Guinea-
Bissau weight gain is undoubtedly a benefit.
This growth benefit may be due to non-specific
effects of chickenpox infection. We have pre-
viously documented that chickenpox have an
immunostimulatory effect increasing the levels
of eosinophils and in other studies we have
found high eosinophils levels to be associated
with better survival. Chickenpox could poten-
tially have a beneficial impact on resistance to
other infections.

Another possible explanation for the differences
in growth was the use of antibiotics. If cases had



received more antibiotics after infection, it might
have had a positive influence on general health
in an area with a very high frequency of intesti-
nal infections. Atleast for malnourished children,
metronidazole has a positive influence on
growth, and long-term use of antibiotics given
to animals increases growth velocity.

In spite of severe infection in the acute phase,
many having pneumonia, long-term mortality
was slightly lower after chickenpox infection.

Future perspectives

The existing vaccine against chickenpox has not
been examined for possible beneficial non-speci-
fic effects. However as this vaccine is live atte-
nuated, it may have some of the same beneficial
effects which have been documented for meas-
les vaccine. However, there are no planned stu-
dies to confirm this.

References on chickenpox: 5,80,85,89,117
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Measles infection and
prophylactic antibiotics

Background

The management of measles and its complicati-
ons has always been a challenge for doctors
worldwide. Measles is a highly contagious and
severe viral infection leading to profound immu-
no-suppression and bacterial super-infection
(e.g. pneumonia, otitis media, conjunctivitis,
diarrhoea).

More than 45 years of vaccination have dramati-
cally reduced measles incidence, however there
is still an estimated 30 to 40 million cases each
year resulting in more than half a million deaths
mostly among children in the developing
world.

Since antibiotics became generally available,
they have been used to treat measles and meas-
les complications. However, it has remained
controversial whether measles cases should

receive prophylactic antibiotics to prevent bacte-
rial complications. Though it has generally been
recommended not to give prophylactic antibio-
tics, it has been a very common practice among
physicians in low-income countries often due to
fear that the patient might not come back.

At the Bandim Health Project (BHP), there is a
long-standing tradition to perform measles
research, and in collaboration with IDR in
Senegal we conducted an observational study in
rural Senegal suggesting that children who
received antibiotics in the early phase of infec-
tion had less risk of being seen with severe
measles later on. Therefore, in 1996, we took up
the challenge to perform a randomised double-
blind placebo-controlled trial on prophylactic
treatment with antibiotics in measles.



Results

The study enrolled 84 measles cases in 1998.
When war broke out in early June 1998, the
study had to be stopped. Sulfamethoxazole-
trimethoprim was used as active drug as it had
been the recommended first-line drug against
community-acquired pneumonia by the WHO
when the study was planned. The main outcomes
were pneumonia and admission to hospital.

As can be seen from the table 1/46 (2%) of the
cases in the active group developed pneumonia,
and 6/38 (16%) in the placebo group.
Furthermore, the group that received prophyl-
actic antibiotics had less conjunctivitis and sig-
nificantly higher weight gains in the month after
inclusion than the placebo-group.

Public health implications

A recent Cochrane review has incorporated our
results. Thus it is now recommended to admini-
ster antibiotics to children with active measles in
geographical areas with a high case fatality rate
or with a high incidence of post-measles pneu-
monia.

Publications on prophylactic antibiotics:
132,157,158,162
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Table. Intention to treat analyses of outcome measures

Co-

Adjusted ORn

trimonazole  P12cebO OR? Adjusted ORn (95% CI)
(n=46) (n=38) (95% CI) (95% CI) Laboratory
confirmed cases
Main outcome measures
Pneumonia after inclusion I (2%) 6 (16%) 0.08 (0.00-0.56)# 0.14 (0.01-1.50)# 0.11 (0.00-1.22)#
Hospitalised with measles after inclusion 0 (0%) 3 (8%) 0 (0-1.03)§ - -
Other outcome measures
Diarrhoea after inclusion 3 (7%) 5(13%) 0.27 (0.04-1.39)# 0.17 (0.01-1.55)# 0.10 (0.00-1.04)#
Severe fever after inclusion 6 (13%) I1(29%) 0.32 (0.10-1.07) 0.36 (0.09-1.43) 0.34 (0.08-1.53)
Oral thrush after inclusion 0 (0%) 3 (8%) 0 (0-1.03)§ -
Stomatitis after inclusion 4 (9%) 7 (18%)  0.37 (0.09-1.50) 0.43 (0.08-2.26) 0.35 (0.06-2.12)
Conjunctivitis after inclusion 12 (26%) 17 (45%) 0.36 (0.14-0.96)* 0.31 (0.10-1.03) 0.25 (0.06-0.96)*
Otitis media after inclusion I (2%) 2 (5%) 0.38 (0.02-4.42)# 0.72 (0.05-10.6)# 0.44 (0.01-6.93)#

* p<0.05, # Profile-likelihood confidence interval, § Exact test, $ Controlled for age group, & Adjusted for age group, weight-for-age z-score at

inclusion, time since rash and measles vaccination status
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Malaria treatment and
development of resistance

Background

During the last 15 years the Bandim Health
Project has studied the efficacy of different treat-
ment schedules for malaria, focusing on the
antimalarials available and/or recommended
by the National Malaria Programme. Quinine
continues to be a good and efficient choice for
third-line treatment, however, the effectiveness
when used as second-line treatment is more
questionable (195).
Sulphadoxine-pyrimethamine (S/P), which pro-
ved to be an efficient antimalarial, was until
recently recommended as second-line treatment.
However, a high frequency of mutations coding
for S/P resistance was found in Bissau (53),
stressing the importance of monitoring the effic-
acy.

We have previously shown that while treating
with chloroquine in the recommended dose of
25 mg/kg bodyweight had a high treatment

failure rate, increasing the dose to 50 mg/kg
turned chloroquine into an efficient antimalarial.
That 25 mg/kg is insuffi-
cient has been observed in
all of Africa. Therefore
chloroquine has almost
been completely abando-
ned and the much more
expensive artimisinine
combination therapies
have been recommended
and introduced in most
sub-Saharan countries,
including in Guinea-
Bissau in the summer of
2008. Since we found
chloroquine to be still effi-
cient in the higher dose of
50 mg/kg and the drug is
cheap and well-known, we monitored the gene-
tic background for resistance in Guinea-Bissau.
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Results

Both amodiaquine and chloroquine have been
suggested to be combined with artemisinine. We
therefore examined the efficacy of different
doses of these two drugs. Amodiaquine was
very efficient both in the dose of 15 mg/kg and
the dose of 30 mg/kg. As previously found
chloroquine 25 mg/kg had a high failure rate,
whereas 50 mg/kg proved to be efficient (138).
In several studies using chloroquine between
2004 and 2008, we did not find any decrease in
efficacy; hence, chloro-
quine resistance as mea-
sured by in-vivo tests has
not increased during the
last 15 years. The WHO
in-vitro micro test to
assess chloroquine resi-
stance has been used
almost annually since
1990. A slight decrease in
resistance was found
during this period confir-
ming the in-vivo results
(194).

Our analyses of parasites
indicate that the genetic
basis of chloroquine resi-
stance is the same in
Guinea-Bissau as in the rest of Africa (193). The
prevalence of the mutation pfcrt 76T was found
to vary between 13% and 38%, which is low
compared to most other African countries.
Furthermore, we have found that the prevalence

of single nucleotide polymorphisms (SNP) at
pfcrt positions 76, 271, 326 and pfmdrl position
86 did not change between 1992 and 2005, indi-
cating that the prevalence of mutations coding
for chloroquine resistance did not increase
during this period (194).

To study the efficacy of treating with chloroqui-
ne 50 mg/kg compared to 25 mg/kg we genoty-
ped the parasites on the day of inclusion and in
case of re-parasitaemia following treatment and
found that the efficacy of the higher dose was
78% as compared to 34% for the standard dose
when treating parasites carrying the mutation
indicating resistance (pfcrt 76T) (193). An argu-
ment against using higher doses has been that
the risk of re-infections with resistant parasites
would increase significantly. However, the risk
of re-infection with a parasite carrying the 76T
mutation was only 9% for both the two groups
treated with 25 mg/kg or 50 mg/kg.

Between 1994 and 2003, we monitored the mala-
ria treatment given at a health centre in Bissau 4
to 8 weeks per year. We found that a median
chloroquine dose of 63 mg/kg was prescribed,
in spite of the official recommendation being
only 25 mg/kg (194). Also we monitored chloro-
quine prescriptions and reported intake of
chloroquine in 102 children. The median total
chloroquine dose prescribed and reportedly
taken was 81 and 77 mg/kg, respectively. No
severe adverse events were reported and no
adverse events were associated with higher
chloroquine concentrations. Interestingly, only 3
of the 102 children had P. falciparum in the blood



indicating that diagnostics are poor leading to
massive over-prescription (224).

As many parasites have one or more mutations
coding for resistance to S/P we compared the
efficacy when using S/P for children with treat-
ment failures to the first line drug. S/P remained
efficient with no difference in treatment success
rates from 1995/1996 to 2002/2004 (145).

Public health implications

During a period of approximately 15 years the
resistance to chloroquine has not increased in
Bissau, if anything it has decreased slightly.
Treating with 25 mg/kg is insufficient, but
increasing the dose to 50 mg/kg turns chloro-
quine into an efficient antimalarial also for trea-
ting parasites harbouring the mutation coding
for chloroquine resistance. Recent studies sug-
gest that chloroquine resistance is mediated by
an energy-dependent saturable chloroquine
efflux carrier, alternatively mediated by a chan-
nel. In Guinea-Bissau high doses of CQ are com-
monly taken and well tolerated suggesting that
chloroquine resistance can be overcome by the
higher doses probably due to a loss of fitness of
the parasites (194,197). That loss of fitness plays
a role is supported by the fact that chloroquine
resistance has disappeared from Malawi 7 years
after abandoning the drug. If and when chloro-
quine is reintroduced, alone or in combination
with artemisinine, this should be done with the
higher dose of 50 mg/kg to limit the spread of
chloroquine-resistant parasites (159).

The fact that S/P remained efficient for second-
line treatment over a period of 10 years indicates
that the drug can still be used for selected
groups of patients. As it is the best antimalarial
for intermittent preventive treatment of preg-
nant women it has been reserved for that, thus
raising the question as to which antimalarial to
use for second-line therapy. As an artemisinine
combination therapy has been adopted as first
line treatment this can not be used for treatment
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failures. Therefore the National Malaria
Programme has recommended quinine given
three times a day for seven days — a treatment
schedule which is difficult and for which one
could expect a low adherence suggesting that
the effectiveness should be evaluated (195).

Future perspectives

The studies suggest that the common use of
high dose chloroquine in combination with a
loss of fitness associated with chloroquine resi-
stance explains the continued efficacy of chloro-
quine in Guinea-Bissau. Our data are observati-
onal and cannot be taken as proof. In addition
the data available on adverse events, though
encouraging, does not rule out serious adverse
events. Despite the flaws, the situation in
Guinea-Bissau warrants further research into
dosing strategies, adverse events and possible
combinations of a drug that is cheap and availa-
ble and which regains efficacy when it is remo-
ved from the environment.

As lumefantrine-artemether (Coartem) has now
been introduced as treatment for uncomplicated
malaria we are now evaluating the efficacy. As
over-treatment for malaria is common (200,224)
and as the treatment used now is expensive, the
strategies for improving the diagnostic procedu-
res should be followed closely, especially consi-
dering the lower incidence of malaria at present.
We have shown that frequent treatment protects
the children from clinical malaria (40). As the

present over-treatment can be compared to
intermittent preventive therapy it will be impor-
tant to study which effect improved diagnostic
procedures will have on the incidence of clinical
malaria.

References on malaria:
11,40,43,53,67,136,138,145,146,193-197




I[s malaria disappearing?

Background

Malaria has always been considered the biggest
public health challenge in Guinea-Bissau, both
due to the number of cases and deaths caused, but
also due to socio-economic implications. Malaria
transmission is present all year around, and reports
from the 1980s and 1990s pointed to a prevalence
of malaria parasites of 44-79% among children
aged 2-9 years in rural communities. Several pub-
lic health interventions and large amount of funds
are available for malaria control. Environmental
changes are occurring. Prioritisation of these inter-
ventions to maximise the use of resources requires
better knowledge of the current situation.

Results

Recent epidemiological studies on malaria have
included community surveys and collection of

better quality data at health facilities in Bissau.
The recent data have shown a decline in malaria.
In a community survey carried out in Bissau in
2003, only 3% of the individuals living in the
randomly selected houses had malaria parasi-
tes, contrasting with 26% in 1994. At the health
facilities malaria is grossly over-diagnosed.
Reports from the MOH health information
system indicate that malaria is responsible for
50-70% of all consultations. In 2003 /2004, mala-
ria surveillance was established by the BHP at
the national paediatric ward and three health
centres in Bissau. As expected, 64% of the outpa-
tient consultations among children < 5 years of
age were clinically diagnosed as malaria, howe-
ver only 13% had malaria parasites detected by
microscopy. Among hospitalised children, only
44% had malaria parasites even though 73% had
a clinical diagnosis (200) (Figure). The proporti-
on of malaria-positive cases increased with
increasing age. For 82% of the cases, the labora-
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tory results were available to the clinicians
before prescription. However, anti-malarial
(96%) and antibiotic drugs (65%) were prescri-
bed to patients with negative slides (200).

30

Recent figures from 2006/2008 shows
that around 11% of children seen at
health centres in Bissau with suspected
malaria has a malaria-positive slide.
Several factors may have had an impact
on the decline in malaria infection.
Untreated bed nets are used by around
90% of children less than 5 years of
age. Since the adoption of the policy of
re-impregnation of nets in 2004, the
use of impregnated bed nets increased
from 5% to more than 70% in 2006.
Since nearly everyone consulting at a
health centre has been treated with
chloroquine, the health system has in
fact instituted intermittent prophylac-
tic treatment of malaria. Resistance to
chloroquine has been stable, but the
common use of double doses of chloro-
quine has been found to be effective in around
88% of the cases (138, 192, 194). The decision to
change to coartem as first line drug was taken in
2007 and its implementation started in May
2008.

Public health implications

The decrease in malaria transmission will pro-
bably shift the peak of cases to higher age
groups and we have started observing this
trend. If further declines occur, a good surveil-
lance system for early warning will be neces-
sary and we will need to be prepared for pos-
sible epidemics in the future. The introduction
of coartem, a more expensive drug than chloro-
quine, should be accompanied by attempts to
improve the diagnosis of malaria by using both
microscopy and rapid diagnostic tests. If imple-
mented, it will improve the diagnosis and tre-
atment of both malaria and other conditions
that might otherwise have been ignored. Thus,
several unneeded doses of coartem and the
scarce money of users would be saved.
However, this will reduce the intermittent
prophylactic effect of chloroquine given to
almost all cases seen with fever at a health faci-
lity. Hence, in a worst case scenario, treatment
of individual malaria case will be improved
with coartem but malaria might reappear
because there is less chloroquine prophylaxis in
the high risk age groups, although we recogni-
se that coartem might also have a preventive
effect as it acts also on gametocytes preventing
maintenance of transmission. The decline of



malaria has occurred, but control is vulnerable with a malaria-negative slide with coartem or
and malaria might be reappearing. chloroquine for clinical outcomes and preventi-
ve effects against further attacks of malaria.

Future Perspectives References on the disappearance of malaria:
200
Malaria is decreasing in several parts of the
world including the neighbouring countries in
West Africa. This has revived the hope for elimi- 80
nation and an expert meeting was convened in —
January 2008 by WHO to revise previous positi- 70 e
ons. In West Africa, joint collaboration on a com-
mon programme for monitoring elimination is
being discussed between The Gambia, Senegal 50
and Guinea-Bissau. This will require reinforce-

60

ment of existing interventions, testing the most X 40

cost-effective combinations. It will be very

important to continue monitoring the changes 301

in the epidemiology of malaria using simple 20

methods as well as good entomological data. /./l—i/

F.or this reasons,. the P{HP 1§ creating sentinel 10 .\._./., -
sites all over Guinea-Bissau in order to collect

good quality data. 0 w w w w
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The implications of the different policies should 03 03 03 03 03 03 03 03 04 04 04 04 04
be studied. Health personnel are resistant to use
laboratory results in deciding on the use of anti-

malarial drugs' We a.re currently Stl.ldylng t.he Figure. The prevalence of clinical and laboratory diagnosis among children less than 5 years of age at the
consequences of treating or not treating a child health facilities in Bissau, 2003/04
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Respiratory syncytial virus:
Taking the observations to

Denmark

Background

Respiratory syncytial virus (RSV) infection lea-
ding to early childhood hospitalisation is still a
major paediatric concern globally. The incidence
of RSV hospitalisation appears to increase (6,
92). In high-income countries, the incidence of
atopy has been increasing steadily for decades,
and wheezing and asthma have become the
most frequent chronic diseases in childhood
(118). Severe RSV infection often present with
wheeze and a major part of RSV-infected children
wheeze months after their primary RSV infec-
tion. Therefore, an important question in RSV
research has been to find out whether severe
RSV infection cause wheezing and atopy.

During the past 5 years, we have studied risk
factors for severe RSV infection in both Guinea-
Bissau and Denmark. Furthermore, we studied
the association between RSV hospitalisation,

wheezing and atopy, RSV hospitalisation in
children with congenital heart disease, and the
association between RSV hospitalisation and
invasive pneumococcal disease in the Danish
child population. Using cord-blood from new-
borns in the Danish National Birth Cohort
(www.bsmb.dk), we studied the seasonal varia-
tion of maternally derived RSV-neutralising
antibodies and the association to RSV hospitali-
sation as well the influence of maternally deri-
ved RSV-neutralising antibodies on RSV hospi-
talisation and on recurrent wheeze. In the Danish
twin population born 1994 to 2004 we further
examined the associations between RSV hospi-
talisation, wheezing and asthma.

Results

In Guinea-Bissau, BCG immunisation protected
against severe RSV infection (88), and we obser-



ved that mother-to-son cross-sex transmission
might be part of the explanation as to why boys
are more frequently severely infected with RSV
(60).

In Denmark, both recent hospitalisation for RSV
infection and for non-RSV respiratory infection
increased the risk of invasive pneumococcal
disease among children less than 2 years of age
(202). We observed a 2-fold increased risk of
RSV hospitalisation in Danish children with
congenital heart disease. Among the children
with congenital heart disease, risk factors for
admission were Down syndrome, cardiomyop-
athy, and haemodynamically significant heart
disease. Young age and cardiac de-compensati-
on were associated with more severe course of
RSV disease (227).

In the general Danish child population, male
gender, medical non-atopic risk factors, the pre-
sence of other children less than 12 years of age
in the home, day care attendance, and maternal
smoking were associated with an increased risk
of RSV hospitalisation. Interestingly, atopic dis-
position and a history of wheezing increased the

risk of RSV hospitalisa-
tion; the factor associ-
ated with the largest
risk increase for RSV
hospitalisation  was
early recurrent wheeze
(141).

When we then exami-
ned the associations
between RSV hospitali-
sation, wheezing and
asthma in Danish
twins, we found a bi-
directional association
between severe RSV
infection and asthma.
Severe RSV infection
was associated with a
short-term increase in
the risk of subsequent
asthma suggesting RSV
induce bronchial hyper
responsiveness; and
asthma was associated
with a long-term increased susceptibility for
severe RSV disease, suggesting a host factor
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being responsible for the severe
response to RSV infection. This
suggests that severe RSV infection
and asthma may share a common
genetic predisposition and/or
environmental exposure (219). We
observed an increased concordan-
ce of severe respiratory syncytial
virus infection in identical twins,
pointing to genetic factors being
important for the severity of respi-
ratory syncytial virus infection
(222). Hence, RSV infection, severe
enough to warrant hospitalisation,
does not cause asthma but is rather
an indicator of the genetic predis-
position to asthma (228).

Studying maternally derived RSV-
neutralising antibodies, we found a clear tempo-
ral association between the RSV antibody level
in cord blood and RSV hospitalisation in infancy
suggesting that RSV-neutralising antibody level
plays a role in the seasonal pattern of RSV infec-
tion (220). In addition, we observed that mater-
nally derived RSV-neutralising antibodies pro-
tect infants against RSV hospitalisation, also
when the infant has recurrent wheeze. However,

to our surprise high maternally derived RSV
neutralising antibody levels were associated
with an increased risk of recurrent wheeze
(221).

Future perspectives

Our future studies will focus on risk of RSV
hospitalisation in children with chronic disea-
ses; on genetic markers of severe RSV infection,
wheezing, asthma and eczema; and on studies
on maternally derived RSV-neutralising antibo-
dies, lung function, wheezing and asthma. To
link back to the Guinean studies which gene-
rated this line of research on RSV, we also intend
to explore whether vaccinations are related to
the major change in the relative female-male
incidence of RSV which occurs in the first year
of life in Denmark (141).

References on RSV: 6, 60, 88, 92, 106, 118, 131,
141, 202, 219-222, 227, 228



Improving hospital care

Background

Mortality at the paediatric ward in Bissau is
usually high. However, during the war in 1998-
1999 it dropped to almost half (RR=0.58 (0.50-
0.68)). As soon as the war was over, it increased
again (54). The hypothesised reasons for this
change were availability of free drugs from
humanitarian aid during the war, some person-
nel living at the hospital and therefore being
available fulltime, relief food from aid donations
to the staff, and high “morale” during the war
situation. Perceiving free drugs to be the main
reason, the BHP and then WHO provided free
drug kits for urgent malaria treatment to the
paediatric ward after the war; however, morta-
lity did not decrease. Therefore, further reasons
and mechanisms to reduce mortality have been
sought.

Results

In the search for new ways to reduce mortality
at the hospital, we performed a randomised trial
including 951 children to test whether a strict
follow-up of the protocol for malaria case
management plus improved motivation with a
small subsidy would add to the efficacy of free
drug and training of the personnel. In the con-
trol group, the personnel received the same trai-
ning and the patients had the same free drugs.
Mortality among hospitalised malaria cases was
11% in the control group against 5% in the group
receiving supervision of the treatment protocol
plus a small monetary incentive (RR=0.48 (0.29-
0.79)) (Figure 1) (187). In-hospital mortality was
reduced, the length of stay was shorter and
children absconded less in the intervention
group (0.7% versus 2.9%). Mortality among
children with a malaria-negative slide was much
higher than among the malaria-positive children
and the effect of the intervention was more pro-
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nounced among malaria-positive patients
(RR=0.36 (0.16-0.80)) (Figure 2). Apart from
the effect on mortality, adherence to the

Figure I. In-hospital mortality

health personnel advice to come for a con-
trol visit was more likely to be followed-up
by the intervention group (55% versus 25%,
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p<0.0001). The supervision and the moneta-
ry incentive were critical in reducing the
level of mortality. With current standard
interventions in the health care system which
mainly include training and sometimes free
drugs such a change had not been possible.

We recognise that these findings are not easy
to implement, particularly because subsidies
are not “negotiable” with both the
Government and the donors, even if morta-
lity at the hospital may be reduced by half.
Thus, the BHP is currently testing the imple-

Figure 2. In-hospital mortality according to

presence of malaria infection

mentation in a day-to-day working situati-
on. We use locally generated funds from the
cost recovery system to pay incentives, based on
performance indicators, and for improvement of
services. This study is on-going. However, we
have already noticed that the major challenges
are to change the attitude of the health person-

nel, to have strong leadership/authority at the
hospital, and to keep track of new and informal
procedures created by the personnel to gain
additional cash income.

Public health implications

The quality of care at hospitals influences not
only the in-hospital case fatality, but may contri-
bute to reduce mortality in the community (181,
190). Reforms of hospitals are envisaged.
However, it is clear that interventions to impro-
ve care will need to address several “non-fashi-
onable” but critical problems. These would
include leadership, authority at the ward, disci-
plinary measures, and administration of subsi-
dies. A huge impact may be achieved in a study
setting and could probably be replicated in real
life if everyone were employed by the project.
However, this might be hard to achieve with all
the health staff which is not used to strict con-
trol.

Re-thinking the way money for health is spent
might also be needed. Large amounts of money



are available for training. Sometimes the same
people are trained several times and similar
topics are taught through different MOH pro-
grammes. Per-diems are paid during these semi-
nars, motivating the staff, but also keeping them
away from their working place, thus not provi-
ding services to the users. In most cases, follow-
up is absent after the seminar and the new
knowledge is not implemented. Training is an
example of expenditures in the health sector
which does not impact the results, but cannot be
used in other more effective ways.

Future perspectives

The BHP will continue the search for ways of
reducing mortality at the hospital and after
discharge through easily implemented and
affordable interventions. The effectiveness study
of a composite intervention, including staff
motivation, supervision, and disciplinary mea-
sures and building authority at the main paedia-
tric ward will be continued.

Reference on hospital care: 13, 54,181,187,190
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Hypothermia of newborns is
associated with excess mortality

Background

In low-income countries, child mortality decli-
ned during the 1980s, but neonatal mortality did
not improve. Hypothermia (HT) in newborns is
known to increase perinatal mortality both
among those born in hospital and those born
unattended at home. African studies have found
the prevalence of HT ranging from 22-70%
depending on birthplace and case fatality rates
among newborns were increased 3-fold by HT.
The question is whether HT children develop
HT because they are more prone to develop HT
than other children (co-morbidity, cooling by
handling sick neonates) and therefore have a
higher mortality or whether their immature
immune system is modified by exposure to HT
leading to a higher mortality. However, a num-
ber of studies of hypothermia associated with
mortality linking community and hospital data
is very limited and there is no community study

of longer term survival of newborns that develop
hypothermia within the first hours of life. We
used the clinical surveillance system at the
maternity ward of Hospital Nacional Simao
Mendes to assess long-term survival of new-
borns according to the axil temperature measu-
red within 12 hours of birth. We investigated
whether there was a long-term excess mortality
among infants exposed to HT immediately after
birth and for how long these infants experienced
an excessive mortality risk.

Results

From 1997 to 2002 all newborns had their axil
temperature measured with an electronic axil
thermometer by the same maternity nurse
within 12 hours of birth (50% within 1-6 hours
after birth); 2926 newborn children were recor-
ded at the maternity ward as residents in the



Age group (®)

Birth weight

Table. Mortality by age group according to birth weight and temperature measured within 12 hours of birth. Bissau, Guinea-Bissau 1997-2003

Mortality (dead/persondays)

Normal
(>34.5 0c)

Hypothermia
(33.0-34.5 0c)

Mortality ratio

(hypothermia versus normal)

0.006 (13/2244) 0.030 (21/701) 4.98 (2.50-9.95)

Perinatal >=2500 0.002 (38/17664) 0.010 (8/796) 4.60 (2.15-9.87)
0-7 days

7.36 (4.67-11.6)

All 0.003 (51/19908) 0.019 (29/1497) 481% (2.90-8.00)

< 2500 0.001 (13/13179) 0.003 (12/3740) 3.21 (1.47-7.05)

Neonatal >=2500 0.000 (23/107309) 0.000 (1/4699) 0.99 (0.13-7.34)
8-56 days

5.12 (2.71-9.65)

All 0.000 (36/120488) 0.002 (13/8439) 2 55% (1.29-5.04)

< 2500 0.000 (5/32549) 0 (0/8833) -
Infant >=2500 0.000 (34/271508) 0.000 (2/11602) 1.37 (0.33-5.72)
57-182 days
0.76 (0.18-3.14)
All 0.000 (39/304057) 0.000 (2/20435) 076" (0.18-3.27)

* Controlled for birth weight

study area at delivery. We observed 177 deaths
before six months of age and 214 were lost to
follow-up. There was a mean ambient outdoor
temperature of 24 degrees Celsius with a mini-
mum temperature of 15 degrees in December-
January. Temperature in the maternity ward
ranged from 26 to 30 degrees Celsius.

Based on the association between birth tempera-

ture and relative mortality rates, we identified
three temperature risk groups: normal tempera-
ture or mild HT (234.5 0C), moderate hypother-
mia (33.0-34.5 0C) and severe hypothermia
(<33.0 0C). There were 15 (0.5%) children with
severe hypothermia, 223 children (7.6%) with
moderate hypothermia and 2688 (92%) new-
borns with a normal birth temperature. We inve-
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stigated potential con-
founding by baseline
characteristics as well as
age-dependent potential
confounders: introduc-
tion of weaning food,
breastfeeding and BCG
vaccination. Birth weight
was a confounder but
control for birth weight
did not modify the HT
mortality risks. There
was no effect of time of
temperature measure-
ment within the 12 hour
period after birth.
Controlled for low birth
weight, hypothermia
was found to be associ-
ated with a 4.81 (2.90-
8.00) times increase in
mortality from 0 to 7
days (Table) and a MR of
2.55 (1.29-5.04) from 8 to
56 days after birth. The long-term increased
mortality risk was mainly a problem among low
birth weight newborns (MR=3.21 (1.47-7.05)).
Beyond two months of age, HT was not associ-
ated with an increase in mortality.

Public health implications

Our definition of HT with a cut-off point of 34.5
0C was based on subsequent mortality risk. We
found a prevalence of nearly 10 % in a hospital
setting in a relatively hot climate which is com-
parable to prevalences reported in other African
hospital studies. We found HT within 12 hours
of birth to increase mortality up to two months
of age after birth, especially among low birth
weight children. We have been unable to iden-
tify other community studies of newborns expo-
sed to HT and with long term household follow-
up after discharge from the maternity ward.

In Guinea-Bissau there was no increased morta-
lity risk among newborns born in hospital with
a temperature in the range 34.6-36.5 °C; the cut-
off point of 34.5 °C identified the newborns with
a significantly high mortality risk and in need of
special care. Hence, the WHO definition of HT
as a temperature below 36.5 °C is not supported
by our data. In terms of public health priorities,
it is advisable that definitions of HT are defined
with neonatal mortality as outcome and adju-
sted to local climatic conditions. In our data
there are 108 neonatal deaths of which 29 were
related to HT. Hence, 27% of neonatal deaths
could possibly be averted by correct manage-
ment of HT. However, Ministries of Health and
donor organisations rarely consider reduction of
neonatal mortality to be a priority.



The immunological short or long term effects of
hypothermia have apparently never been consi-
dered in neonates. In neonatal pigs, exposure to
a cold environmental temperature can inhibit
the ability to cope with an exogenous endotoxin
challenge. When combined cold stress and expo-
sure to exogenous endotoxin induce a rapid and
potentially dangerous loss of body temperature.
Finally hypothermia induces pro-inflammatory
cytokine production in human monocytes. A
partly immunological explanation for the long
term excess mortality after HT is therefore theo-
retically possible.

Future implications

The excess mortality arising from a single HT
episode extends beyond the neonatal period
into the second month after birth. Hypothermia
among low-birth-weight children is more severe

than among newborns weighing more than 2500
g. Hence this simple measurement identifies
LBW children in need of special care. Previous
cost-benefit estimates of the effect of improved
management of HT may have underestimated
the benefits of improved management of HT.
Our mortality analysis was based on a single
measurement of temperature within 12 hours of
birth. Any episode of HT within the first 24
hours is likely to have a long-term negative
effect on infant survival. In light of our finding,
long term immunological effects of neonatal HT
need to be investigated. Low-cost interventions
with simple care of newborns are likely to have
a substantial effect and could potentially reduce
some of the observed unwarranted differences
in quality of care and significantly reduce neo-
natal and early infant mortality. We are presently
carrying out an intervention study to evaluate
whether intensified HT management can reduce
the long term morbidity and mortality effect.
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Maternal vulnerability and

child mortality
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Background

There is a clear sense among demographic
health surveillance researchers that the present
indicators of social and economic status are
insufficient or indirect and sometimes not appli-
cable in a low-income country setting where the
majority lives under the same poor conditions.
Yet we observe significant differences in morta-
lity within the group of similarly poor people.
Our ideas of child mortality in developing coun-
tries are simplistic and its distribution has often
been misunderstood because of insufficient
attention to the context.

High rates of child mortality in developing
countries have variously been attributed to child
neglect, economic scarcity, cultural traditions of
child care, population pressure, low maternal
education levels, lack of medical care, and insuf-
ficient basic resources. The relation between



maternal education and child mortality is undis-
putable and health interventions may have a
greater beneficial impact for less educated
mothers (54). Under these circumstances a
mother can be extremely poor and still be able to
handle her sick child rationally because she has
autonomy and a strong social network.

A rational process of care includes disease and
severity recognition, reasonable home-medicati-
on, access to health care and ability to obtain
contact with a health worker and perseverance
in follow-up until health has been regained.
Women’s autonomy is gaining increasing inte-
rest; greater freedom of movement, own income,
say over purchases or over the number of
children increase the likelihood of her choosing
better antenatal care and delivery care. There is
a need to investigate, on one side, the interface
between rational maternal behaviour, access to
health care institutions, and alternative measu-
res of wealth and on the other side, the establis-
hed set of socio-economic indicators (wealth
and schooling) used in studies in poor countries.
The objective of the present study was to iden-
tify alternative socio-economic indicators, and
test these together with the well-known socio-
economic indicators of child mortality. We also
wanted to test the hypothesis that social capital
and/or psychological health beliefs may explain
variations in mortality risk.

Results

Using information from focus group discussions
on alternative indicators, we initiated a case
control study with mothers who lost a child
before three years of age in the study area bet-
ween 1999 and 2000 and controls matched on
place of residence, mother’s age, and parity. 136
matched case-control pairs were included in the
analysis. The interview consisted of three diffe-
rent sections: one section with 70 statements to
which the mother could express her level of
agreement. In the second section the interviewer
rated the appearance of the household and
house surroundings. In the third section the
interviewer characterised the impression of the
mother had given through a choice of 34 perso-
nality descriptions divided into 5 groups of
personality dimensions. Traditional socio-eco-
nomic and health indicators are collected routi-
nely through the child health surveillance and
census. We focused both on the difference bet-
ween cases and controls but also on the poorest
versus the better off mothers.

Classic socio-economic background factors:
Apart from a difference between Muslim and
non-Muslim mothers, socio-economic status,
maternal education and ethnic group did not
distinguish cases and controls. There was no
significant effect of maternal school education.

Favouritism: None of the indicators of favouri-
tism distinguished cases and controls. However,
the poorest mothers were more concerned that it
was important to know a health person at the
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hospital and were more likely not to
know any health worker.

Religion - belief in spiritual powers or
God: Cases and controls were equally
afraid of spirits and witchcraft.
However, cases tended to be more
confident that they could prevent
childhood illness even when the
disease could be God’s will. Cases
were more likely than controls to agree
that the survival of a severely ill child
was a question of fate. Poor mothers
were more likely to rely on health as a
matter of luck than richer mothers.

Belief in own power: More than 80%
of cases and controls agreed that it
required a persistent and stubborn
mother to see a doctor at the hospital
but only 50% were confident that they
would always be able to obtain a
medical consultation if they felt it was
necessary.

Belief in power of the health sector: Two-third of
cases and controls agreed many diseases couldn’t
be treated at the hospital but also that paediatri-
cians at the hospital would be able to cure their
sick child. The poorest mothers were less likely
to choose private clinics as first choice in case of
child illness and tended not to use pharmacies
as first choice for advice and treatment.

Disease prevention and management: Cases less
often administered weekly chloroquine than

controls. Children of case mothers were less
likely to always sleep under a bed net. The
poorest mothers were less likely to have chloro-
quine in the house, less likely to use anti-mos-
quito spray or mosquito coils, less likely to let
their children sleep under a bed net and tended
to be less likely to let a sick child drink and eat
any type of foods. The poorest case mothers
were the only mothers that anticipated problems
borrowing medicine from neighbours.

Vulnerability: Case mothers more often anticipa-
ted care taker problems in case of child illness.
Cases were significantly more likely than con-
trols to let a less than 10-year-old child look after
younger siblings. Cases complained more often
that their husbands interfered too much in the
care of their children. The poorest mothers were
more likely to be short of money in the rainy
season, more likely to rely on children to look
after their siblings, less likely to be able to bor-
row medicine from their neighbours and less
often received help or advice from their family.

Alternative methods of income: Having a family
member in Portugal or France was not associ-
ated with being in control. There was no diffe-
rence in the proportion of cases and controls
who received money or goods regularly. There
was no difference between the poorest and the
rest of the mothers.

Ethnicity: Mothers belonging to the largest eth-
nic group in the study area, Pepel, were more
likely to let a child die if this was the destiny of
the child.



Interviewer’s characterisation of mother:
Psychological characteristics of the mothers
were assigned by the interviewing assistant.
Mothers who had lost a child were significantly
more silent, weak, timid, satisfied and in lack of
ambition compared with mothers who never
lost a child. Only one psychological group was
significantly associated with being a case:
Irrational, illogical, confused, not interested,
self-remorsing (group D). The poorest mothers
more often gave the interviewer a more frighte-
ned, timid and powerless impression than
mothers from other socio-economic groups.

Comparison of different models to predict cha-
racteristics of cases: To determine if the alterna-
tive indicators for socio-economic status had the
ability to compete with traditional indicators,
we analysed goodness-of-fit of the following
models by their ability to explain variation: tra-
ditional indicators, significant statements, all
psychological groups, psychological group D
and individual significant psychological state-
ments. The significant statements were the best
model to characterise cases but psychological
group D might also be used.

Public health implications

Cases agreed very strongly to the statement that
their husband was always interfering with the
childcare and never let them decide on their
own. In terms of intervention possibilities it is
worth noting that cases were more likely to let a
child less than 10 years of age look after younger

siblings. A case also more often than controls
anticipated problems finding a caretaker in case
of child illness.

Maternal neglect has been invoked as an impor-
tant factor in child mortality. However, there
was no difference between cases and controls
with respect to the question of whether a mother
could see death as her child’s destiny. The
degree of resignation with respect to what can
be done in case of severe childhood illness
depended strongly on ethnic group. Some
important observations were made in terms of
disease management: the poorest mothers were
less likely to let the child eat and drink at leisure.
In case of child illness the poorest mothers also
had to rely much more on under age caretakers,
got no help from the family, and did not
count on an ability to borrow medicine
from neighbours.

On the assumption that the impression
given to an interviewer predicts caring
abilities of the mother, the study sugge-
sted the following characteristics of the
poorest mothers who lost children: they
were more timid and powerless but satis-
fied with their conditions and saw no
apparent need to improve their situation.

External income sources were not reliable

and could not serve as socio-economic

indicators in the present form. We need to do
more qualitative research in this field incorpora-
ting other alternative incomes (unofficial fees,
family networks, important contacts etc.). The
effect of having a relative in Europe was insigni-
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ficant. The general impression of the intervie-
wers was that the mothers did not rely on this
support and they never knew when the help
would come. Cases were more often short of
money in the rainy season — a period when petty
traders have difficulties because of transport
problems and less food output from their far-
ming.

Future perspectives

Three statements were so strongly associated
with being a case that they deserve further inve-
stigation: case mother’s complained over hus-
bands interfering, had to rely on very young
care-takers and were not confident they could
get necessary help from their family when in
need. Some alternative indicators including per-
sonality issues acted stronger among the poorest
of the poor. The present findings should be inve-
stigated in longitudinal studies of birth cohorts
after refinement of the statements and the psy-
chological characteristics. The great challenge
would be how to change family relations, mater-
nal autonomy, maternal perceptions and self-
confidence in order to improve child health
among the poorest of the poor.

References on child care:
49, 50, 54, 94,127,181,187,190,216




Knowing a medical doctor may
save children’s lives in low
resource settings

Background

During the past 10-15 years, most low-income
countries (DC) in sub-Saharan Africa have
undergone extensive structural re-adjustments,
which have incorporated a considerable cut in
government health budgets. The countries have
adopted a district and community-based health
system with decentralization of resources and
decision-making. At the same time vertical pri-
mary health care (PHC) programmes have
absorbed a relatively large proportion of global
funds for health improvements. This has left the
referral level in the hospital sector in a financial
vacuum with poor performance, low staff mora-
le and low confidence. Equity and access to
public health services in low-income countries
has become a priority for large donors, e.g. The
World Bank. Few studies have examined equity
and quality of care in hospital settings linked to
community data. Unfortunately there are no

studies of the influence of
illegal or un-official user
fees, corruption or “favouri-
tism” on type of care provi-
ded at different levels of
public health care. We there-
fore examined the impor-
tance of favouritism for suc-
cessful care seeking.

Results

We interviewed care takers
from the study area who
consulted their sick children
at the paediatic outpatient clinic at the Hospital
Nacional Simdo Mendes in Bissau. Information
on prior care seeking was obtained together
with information on whether the primary care
taker was acquainted with a person working in
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Table.

Reduced multivariate
model for post consultati-
on 30-day mortality risk.
1572 sick children seeking

consultation at the paedia-

tric outpatient and emer-
gency department of The
Simdo Mendes National
Hospital, Bissau, Guinea-
Bissau.

Predictor

Maternal acquaintance or familiarity with
a medical doctor

Yes

No

Mortality risk

Odds ratio
(95%Cl)

0.55 (0.33-0.94)
|

Mother arrived between 7 p.m.and 7 a.m.

Yes
No

1.74 (1.00-3.01)
|

Clinical state
Severely ill
Moderately ill
Not very ill

481 (2.00-11.6)
122 (0.55-2.69)
|

Child consulted elsewhere > 48 hours <

14 days

Yes ?.84 (1.72-4.71)
No

Mother less than 20 years old

Yes 1.92 (1.00-3.67)
No |

Sex of child
Male 0.45 (0.28-0.73)
Female |

Child age
0-30 days 5.58 (2.59- 12.0)
31-364 days 0.87 (0.47-1.60)
| — 2 years |
3-4 years 0.42 (0.18-1.00)
5— 15 years 0.62 (0.30-1.29)
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the health sector. At the hospital, 1572 children
were registered at their first consultation, 589
(37.5%) were hospitalised immediately and 23
children were hospitalised following repeated
consultations within 30 days of the first contact.
Within 30 days of the first visit we recorded 129
deaths in the cohort; 104 died in the hospital, 17
were hospitalised but died at home, and 8 died
at home without being hospitalised.

In a multivariate analysis including both socio-
economic background factors and clinical fac-
tors we found acquaintance or familiarity with a
physician to be a strong and independent pre-
dictor of 30-day mortality (Table). It is notewor-
thy that the variables mother consulting after
seven p.m. and mother less than 20 years of age
retained their significance in the multivariate
model. These factors are not normally conside-
red to be associated with short-term mortality.

Public health implications

It is well established that socio-economic and
other background factors predict mortality. Our
finding, that mortality among sick consulting
children may be better predicted by unjustified
and non-medically grounded variations in the
quality of care is surprising. The most important
of these non-medically grounded factors was
“acquaintance with a medical doctor” which
reduced 30-day mortality risk by nearly 50%. It
is possible that the acquaintance factor adds
further dimensions to the effect of preventive



health care, school education and social class.
Mothers seem to bring the right children for
consultation judged by the high percentage of
consulting children who were hospitalised and
it seems unlikely that maternal neglect explains
why the child is not hospitalised when it should
have been.

If our observations are valid in other settings, a
large proportion of child deaths could be avoi-
ded by proper training of medical and nurse
staff and by setting the goal to reach the lowest
observed mortality in each team of nurses or
physicians. If we assume we have controlled for
all confounders, the 30-day mortality risk would
be reduced by 24% if all children had the same
health benefits as a mother knowing a medical
doctor. An intervention based on our findings in
this outpatient clinic is likely to have a pronoun-
ced effect on childhood mortality in the study
area. To focus exclusively on poverty, health
equity and community health can be misleading
in the combat against the continuously high
childhood mortality in many low-income coun-
tries. In some countries, child mortality is strong-
ly related to the hospital sector and “favouri-
tism”. It is not only socio-economic status which
plays a role for how health care is provided.
Improvement of hospital and health worker per-
formance should be given a high priority as
these interventions may lower childhood morta-
lity as cost-effectively as many large scale public
health interventions.

Future perspectives

Social capital and social networks are important
for child survival in low resource settings; the
present finding adds further detail to the quality
of such “capital”. Two perspectives have to be
pursued further: one is to investigate how favou-
ritism affects maternal, perinatal and neonatal
health. The other is to study how this apparently
“quality lifting” factor can be applied as a
management tool for quality

improvement. The feed-back
sessions with health workers at
the paediatric ward were pro-
mising as the health workers
were very eager to be quality
rated and they were able to
identify the “good” and the
“less good” teams before they
were presented with the
results.

References on quality of care:
49,50,54,94,127,181, 187,190,216




Non-specific effects
of vaccines are important

The non-specific effects of measles vaccine have
been a main focus of research at the BHP since
the very beginning even though it took 15 years
to formulate the idea that vaccines may have

other than the targeted

effects, presumably due to
some form of immune sti-
mulation. The high-titre
measles vaccine (HTMV)
was protective against meas-
les but associated with two
fold increased mortality for
girls. Hence, such non-speci-
fic immune stimulatory
effects can be very important
for child survival. However,
the research community did
not pursue these observati-
ons, but instead searched for
a new and better measles
vaccines. However, if a licen-

sed vaccine could have such

dramatic effect it can probably happen again
unless we understand the specific immunologi-
cal mechanisms. We have therefore aimed to
document the importance of non-specific effects
not only for measles vaccine but for all of the
routine vaccines.

Ideally one could conduct randomized clinical
trial measuring the extent of these non-specific
effects beyond the targeted disease prevention
of the vaccine. However, that is rarely possible
because withholding recommended vaccines
would be unethical. We have tried several dif-
ferent approaches to document the importance
of non-specific effects as shown in the following
chapters.

First, we have measured the effect in observatio-
nal studies. This is inherently difficult because
there are strong selection biases in who gets vac-
cinated first — see Chapter 14. Still in some
observational situations we may approach natu-



ral experiments with limited selection bias as
when a new vaccine is introduced (45,65), a vac-
cine is missing during a certain period (46), or a
war interrupts vaccination services (8). We have
pursued such natural experiments. Furthermore,
we have exploited the fact that different vacci-
nes apparently give very different estimates of
their impact on survival. That would not hap-
pen if selection biases were the main cause of the
estimates.

Second, the HTMYV incident suggested a marked
sex-differential effect of this vaccine (12). In the
pre-vaccination era in West Africa, there was no
important sex-difference in post-neonatal child
mortality (Figure). Hence, if vaccines have strong
sex-differential effects on mortality it suggests
that non-specific immune stimulatory effects are
important for child survival. As it turns out, all
routine vaccines have sex-differential effects
suggesting that boys and girls might in fact
benefit from different vaccines or different vac-
cination schedules.

Third, we have also conducted randomised cli-
nical trials to document non-specific effects of
vaccines as evidence in several chapters. This
has been possible in some situation because the

vaccine was not normally
used (BCG to low-birth
weight children, BCG revac-
cination), not used in that
age group (measles vaccina-
tion at 4 months of age), or
because several different
strains are in common use
(strains of measles vaccine).
It should also be possible to
test variations in current
practice which are not the
main recommendations but
occurring very often; for
example, administering
BCG and DTP simultane-
ously or measles vaccine
and DTP simultaneously
(Chapter 21). Conducting
randomised trials, we have found major non-
specific effects. However, they have not always
been the ones we had expected. The immunolo-
gical interactions have been more important
than initially envisioned. Testing, for example,
early measles vaccine, we changed the sequence
of vaccinations and that has fundamentally
changed the impact on survival because more
children received DTP after measles vaccine
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(Chapter 18). We have also experienced several
times that supplementation with micronutrients
amplified the immunological effects (Chapter
25).

Randomised trials will be continued but it is
becoming clear that it will be increasingly diffi-
cult to test the impact on survival because once
we intervene and provide services to the commu-
nity we are also reducing mortality. We need to
measure the impact on indicator infections and
immunological parameters which are associated
with survival and which will indicate whether
the immunological profile induced by a vaccine
is beneficial or not. This is becoming urgent as
more and more new vaccines are being introdu-
ced.

Non-specific effects are very important for child
survival in low-income countries. From what
we know now, live vaccines are beneficial — at

Figure. Annual mortality rates by sex prior to the introduction
of vaccines. Bissau, 1978-1980

least in individuals without immunodeficiency
— whereas inactivated vaccines may have nega-
tive effects on other than the targeted diseases.
Both beneficial and negative effects are strongest
for girls. Effects may change fundamentally
when vaccines are combined or the sequence
inverted. Furthermore, vaccines interact with
other forms of immunomodulators like micro-
nutrients and season.

These observations question many assumptions
underlying the current program of interventions
for children in low-income countries. Taking
these observations into consideration in plan-
ning the intervention programs may have major
impact on child survival.



Survival bias

Background

Most of the observations and hypotheses on
non-specific effects (NSE) of vaccines have emer-
ged from observational studies at the Bandim
Health Project (BHP). Recently, observational
studies from other research groups have appea-
red to be focusing on the putative negative effect
of DTP. The studies from BHP and elsewhere
have estimated the impact of DTP to vary bet-
ween mortality rate ratios of 0.2 (positive NSE)
and 3.2 (negative NSE) for DTP-vaccinated com-
pared with DTP-unvaccinated children, see
Figure 1. For last five years we have discussed
whether methodological differences are invol-
ved in this inconsistency (73, 74, 79, 93, 98, 99,
153, 154, 201). One bias has played a central role
in this discussion: survival bias.

Data collection

Many of the observational studies in which
child mortality has been related to vaccination
status were conducted in situations where
mothers keep vaccination cards on which all
vaccinations received are recorded. Typically, a
cross-sectional population survey is first condu-
cted by which vaccination cards are examined to
record the vaccination status of all children.
After an interval of perhaps 3 or 6 months, or
longer, a follow-up visit is conducted, and chan-
ges in vaccination status are ascertained by exa-
mining vaccination cards again. Deaths since the
last visit are recorded. Several follow-up visits
may be made. Analysis is then conducted to
investigate whether there is any association bet-
ween vaccination status and mortality. A num-
ber of potential sources of bias, including survi-
val bias, arise in the interpretation of such
observational data.
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Survival bias

In many African societies the vaccination card
from a child who died will be destroyed. For
such children, no record will be collected of any
vaccinations received between the date of the
last visit when the child was alive and until its

death. This will not be

Studies without follow-up
Benin (1)
Guinea-Bissau (2)
Guinea-Bissau (3)

Landmark approach
Guinea-Bissau - Rural (4)
Guinea-Bissau - Introduction of DTP (5)
Guinea-Bissau - War (6)
Malawi (7)

Retrospective updating Approach
Guinea-Bissau - recalculated (8)

Senegal, cohort | (9

Senegal, cohort Il (9

Ghana (10

Malawi (7

Papua New Guinea (11

Bangladesh (12

India (13)

Burkina Faso (14)

)
)
)
)
)
)

the case for children
who survive, if their
vaccination card is avai-
lable. The vaccination
status of surviving
children will thus be
more frequently

updated between visits
simply because they
survived until next
visit. The follow-up

[ ]

— time from the new vac-

cination to next visit for
these surviving children
is immortal time in the
statistical analysis — that
is, it would not have
been collected had the

0.1

0.2

05 10 20 50 10.0

child died - and will
thus bias the survival
among vaccinated to

Mortality rate ratio

Figure |. Mortality rate ratios for DTP-
vaccinated children compared to DTP-

unvaccinated children. The numbers in
brackets refer to sources, see (154).
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the better. This bias has
not always been taken into consideration in the
statistical analyses. Two main approaches of
statistical analysis of this type of data have been
used.

Retrospective updating approach

In the retrospective updating approach vaccina-
tion status is a time-varying variable changing
from unvaccinated to vaccinated, on the exact date
of vaccination. This approach will introduce survi-
val bias if information is missing on vaccinations
given since latest visit for children who died.

Landmark approach

In the landmark approach vaccination status
may also be a time-varying variable but only
changes from unvaccinated to vaccinated, on a
date of visit. In a survival analysis the vaccination
status is thus fixed or constant between two
visits. Survival bias is thus avoided but an atte-
nuation bias is introduced (see below). The BHP
has primarily used the landmark approach.

Since the relative impact of these methodologi-
cal differences was not clear, we conducted com-
puter simulations using a simple vaccination
model with varying assumptions on length bet-
ween visits, true mortality ratio (MR), vaccina-
tion coverage, and number of dead children
missing vaccine information between visits
(“card destroyed”) (153). To assess and compare
the impact of the two approaches in a real life
example we furthermore, using the retrospective
updating approach re-analysed, a cohort from
rural Guinea-Bissau which had missing vaccina-
tion data depending on the survival of the
children (153).



Results from simulations

In Figure 2 it can be seen that for the retrospec-
tive updating approach, the estimated effect
(MR) was on average lower than the true value,
i.e. biased towards zero. The extent of survival
bias will depend on the proportion of misclas-
sified (un)vaccinated deaths, and this will
depend on the interval between data collection
visits and the proportion of children for whom
post-mortem information is not obtained. In con-
trast, irrespective of the direction of the true
effect, the landmark approach will on average
for any combination of simulation parameters
lead to conservative estimates of the true effect
(bias towards the null hypothesis of a MR=1).
The attenuation bias from the landmark approach
decreases with shorter intervals and lower vac-
cination coverage.

Results from re-analysis of BHP data

The data were from the routine collection in
rural study areas of BHP. Briefly, children were
followed from an initial home visit at 0-6 months
of age to a second visit six months later, and
only vaccinations given before the initial visit
were used to determine vaccination status in the
analysis. We only had information on vaccinati-
ons given between visits for 3 of the 222 children
who died between visits, thus substantial survi-
val bias is present. The Table shows how diffe-
rently the two approaches allocate follow-up
time in the vaccination groups but only the three
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deaths with new vaccine information have chan-
ged vaccination status. The consequence of this
reallocation is a total change in the mortality ratio
between DTP-vaccinated and DTP-unvaccinated
children which resembles the divergent effects of
DTP described above (Figure 1).

Future Perspectives

The demonstrated potentially high impact of
survival bias on the analysis of NSE on survival
from observational studies has recently moved
the discussion about NSE much forward. In
April 2008 an international workshop on NSE of
vaccines was held in London from which 3

Figure 2. Retrospective upda-
ting approach. Results from
computer simulation study sho-
wing effect of interval between
visits, mortality ratios (MR), and
percentage of dead children
whose vaccination status could
not be updated. Each full line
with number corresponds to
percentage of dead children
whose vaccination status could
not be updated. Dotted lines
represent the identity line and
MR=1.

55




Table. Distribution of deaths and person years according to vaccination status and analytical approach (93).

Vaccination status

No BCG DTP | dose
No BCG DTP 2 doses
No BCG DTP 3 doses
BCG No DTP
BCG DTP | dose
BCG DTP 2 doses
BCG DTP 3 doses
Vaccinated

Unvaccinated

All

Mortality ratios

DTP | vs. DTP-unvaccinated
DTP 2 vs. DTP-unvaccinated

DTP 3 vs. DTP-unvaccinated

* Person years of follow-up

Landmark Retrospective updating
Deaths PYRS* Rate** Deaths PYRS Rate
2 9.0 222 2 16.3 123
0 4.5 0 0 3.5 0
0 1.4 0 0 42 0
B8 537.6 61 33 3344 99
59 595.5 99 60 679.5 88
21 266.6 79 20 443.4 45
12 119.6 100 15 425.0 35
127 1534.2 83 130 1906.3 68
95 875.1 109 92 503.0 183
222 2409.3 92 222 2409.3 92
1.84 (1.10-3.10) 0.68 (0.44-1.04)
0.26 (0.15-0.47)
1.38 (0.73-2.61)

0.16 (0.08-0.32)

*  Mortality rate per 1000 person years.

papers on respective methodology, data collec-
tion, and possible randomised clinical trials of
NSE of vaccines are to be published.
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BCG at birth: Non-specific

beneficial effects

Background

When the Swedish physician Néslund introdu-
ced BCG in the northern part of Sweden
(Norrbotten) in the late 1920s — shortly after the
discovery of BCG - he was surprised that morta-
lity was 2-3-fold lower among the BCG-
vaccinated children than among the unvacci-
nated children (Figure 1). The effect was difficult
to explain as it was strongest during the first
year of life whereas TB mostly killed older
children. Néaslund went as far as suggesting (in
French) that “One could be tempted to find the
explanation for this much lower mortality
among vaccinated children in the idea that BCG
provokes a non-specific immunity” (41). Many
other physicians at the time noted spectacular
effects on child survival when BCG was introdu-
ced in the 1920s and 1930s (125). However, the
focus was on prevention of TB and Néslund’s

hypothesis was never formally tested. Still it has
remained common knowledge that BCG is a
strong immune stimulant in animal studies and
laboratory work.

Our analyses of the impact of routine vaccinati-
ons on child survival clearly suggested that BCG
was associated with a strong beneficial effect. In
all the studies comparing several vaccines, BCG
and measles vaccine were associated with a
beneficial effect whereas DTP had a negative
effect (Figure 2). On the assumption that the
effect should be strongest among children who
had reacted to BCG, we tested whether having a
BCG scar or a positive PPD reaction was associ-
ated with an improvement in subsequent survi-
val. In all the studies we did indeed find such an
association and the effect was much stronger for
girls, strengthening the possibility that this was a
non-specific immunological effect (7,87,90,133).
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Figure 2. The mortality ratio associated with BCG, DTP and measles vaccine in several

community studies from Guinea-Bissau (GB), Benin and Malawi

Still observational studies hold little persuasive
power and limited policy implications. We were
therefore interested in examining whether BCG
had a beneficial non-specific effect in a rando-
mised trial. For logistic reasons, BCG is
recommended to be administered at birth in
low-income countries and it would be unethical
to withhold vaccine from some children.
However, many countries, including Guinea-
Bissau, have a special policy for low-birth weight
(LBW) children who are assumed to be prema-
ture and recommended to wait with vaccination
until they have reached normal birth weight. In
an observational study we had found that BCG
was considerably delayed for LBW children and
that BCG at birth also to LBW children seemed
beneficial (58). We therefore initiated a randomi-
zed trial of BCG at birth to LBW children in
Bissau.

Results

The majority of births in Bissau are delivered at
the maternity of the national hospital in Bissau
city. We recruited all LBW children from Bissau
city before they were discharged from the hospi-
tal. In order to follow these children who mostly
were residents outside of the Bandim study
area, we had to drive them home to secure pro-
per identification of the residence. LBW children
coming to the health centres in the study area for
vaccination, after having been born in the home,
were also offered enrolment. However, 90% of
the LBW children were enrolled at the national
hospital.

Between November 2004 and January 2008, we
recruited 2,240 LBW children. The median age at
BCG vaccination among those randomised to
receive BCG at birth was 2 days; among controls




the median age was 49 days, reflecting that
many will only get their BCG at 6 weeks of age
when they also get DTP and OPV. Follow-up is
still ongoing. However, in the first month of life
before the subsequent DTP and OPV vaccines
were delivered, BCG had a major impact on
child survival, reducing mortality by 44% (mor-
tality rate ratio (MRR)=0.56 (0.35-0.89)). This
effect was slightly stronger for girls (MRR=0.47
(0.22-0.99)).

Public health implications

There are many implications if this observation
can be verified. First, BCG should be administe-
red at birth also to LBW children. Second, mater-
nity wards should vaccinate with BCG before
discharging the children. This would not have
happened in Bissau unless we had organised
and paid for the service as part of the present
project. Third, though BCG is recommended at
birth for normal-birth-weight children there are
often marked delays in BCG vaccination, parti-
cularly in rural areas. A bottle of BCG vaccine
contains 20 infant doses. It is common practice
not to open a bottle for a single child but to
require that there should be several children to
be vaccinated. Many health centres have there-
fore only BCG vaccination once a week or once
a month. The practice clearly delays BCG vacci-
nation. Fourth, BCG is not a very good vaccine
against adult TB, particularly in low-income
countries. Numerous groups are therefore try-
ing to develop a new TB vaccine. Replacing BCG
with a new TB vaccine could be disastrous if the

new vaccine does not have the same beneficial
immune stimulatory effects for children (124).

Future perspectives

As Niéslund suggested BCG does indeed pro-
voke non-specific immunity. It would be essen-
tial to find out precisely what the immunologi-
cal mechanisms are (163). It is likely that one
study is not enough to
persuade policy makers,
and more studies from
other = communities
would therefore be desi-
rable. We are hoping to
develop a network of
INDEPTH sites which
will be capable of testing
the effect of improving
BCGdelivery incommu-
nities with high neona-
tal mortality.

References to BCG:
7,58,68,87,88,90,115,124,
125,133,163
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Oral polio vaccine at birth

Background

Oral polio vaccine (OPV) is currently recommen-
ded at birth as well as in 3 doses together with
diphtheria-tetanus-pertussis (DTP)/Pentavalent
vaccine (DTP+Hepatitis B+Haemophilus
Influenzae type B) at 6, 10, and 14 weeks of age.
This policy to provide OPV at birth was introdu-
ced 20 years ago to increase the coverage for
OPV. OPV at birth may be associated with hig-
her seroconcersion rates. However, the effect of
OPV at birth on the immune response to other
vaccines and on overall child mortality was
never studied.

We recently experienced two periods in 2004
and again in 2007 during which OPV was lack-
ing in our study area in Guinea-Bissau, West
Africa. Hence, some children did not get the
recommended OPV together with BCG at birth.
In 2004, we were following all infants as a part

of a large vitamin A trial; 962 children did not
receive OPV at birth. We studied the effect of not
receiving OPV at birth on the mortality and the
immune response to BCG vaccine given at
birth.

Results

Not receiving OPV with BCG at birth was asso-
ciated with a significantly lower mortality in
boys, but not in girls (Figure). Boys had a 2.5
fold increased mortality if they had received
OPYV at birth. We bled a subgroup of the children
at 1% months of age. Receiving OPV at birth
seemed to have interfered with the immune
response to the simultaneously administered
BCG vaccine; OPV at birth was associated with
significantly dampened ex vivo cytokine respon-
se to PPD (purified protein derivative of M.
tuberculosis). Corroborating this finding, the in



vivo response to PPD (tuberculin skin test) at 2
months of age was significantly reduced among
recipients of OPV at birth.

In 2007, we had a similar episode in which 99
children enrolled in a trial of low-birth-weight
(LBW) children did not receive OPV at birth.
Again, not receiving OPV at birth had sex-diffe-
rential effects on subsequent mortality.

Public health implications

Based on these observations, receiving OPV at
birth may have two negative effects; first, it may
increase male mortality, and second, it may
interfere with immunity against tuberculosis. In
both observational studies, boys not receiving
OPV and girls receiving OPV at birth had a 40%
lower mortality than in the opposite situation.

OPV may be replaced with inactivated polio
vaccine (IPV) in the global strategy to eradicate
polio. However, this is unlikely to happen soon
as IPV is much more expensive than OPV and
polio is still not under control in some low-
income countries including Nigeria, Somalia,
Namibia, and India. If OPV at birth with BCG
does have a harmful effect on boys, OPV at birth
should be discontinued for boys immediately

since the marginal contribution of this vaccine to
polio immunity and control is limited. It is also
important to document whether OPV has a non-
specific beneficial effect for on girls before the
vaccine is removed. If OPV has a beneficial

effect on girls, OPV at birth should be continued
for girls or replaced with similar immune modu-
lation.
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Figure. Cumulative mortality
curves as a function of recei-
ving OPV at birth or not,
overall and by sex
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Future perspectives

OPV at birth is given for logistic reasons, to
boost polio immunity. There have been no polio
cases in Guinea-Bissau for the last 10 years.

0.02 0.03 0.04 0.05 0.06
L

Cumulative mortality

0.00 0.01

0.02 0.03 0.04 0.05 0.06
L

Cumulative mortality

0.00 0.01

Hence, there is every reason to test in a rando-
mised trial whether not receiving OPV at birth is
associated with 1) decreased mortality in
boysand 2) increased immunological response
to BCG. Such a trial has now been initiated. The
trial will contribute importantly to measuring-
the importance and sex-differential effects of
modulation of the immune system in early life
and to understanding the underlying mecha-
nisms. The immunological data are completely
novel and highlight the fact that multiple vacci-
nes have co-regulatory effects that need to be
understood at a molecular level to allow the vac-
cine world to design not only better vaccination
schedules but also better new vaccines.

References: 223
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Revaccination with BCG

Background

Many observational studies have shown that
BCG vaccination is associated with lower morta-
lity in ways that cannot be explained by preven-
tion of tuberculosis. Children who have a BCG
scar or a positive tuberculin skin test reaction
have better survival, an effect particularly strong
for girls. A French-Algerian study from the first
part of the 20th century when BCG was used as
an oral vaccine reported a 27% reduction in
mortality from repeated doses of BCG admini-
stered at birth, one, and three years of age.
Revaccination with BCG is not recommended
by WHO since no protective effect against TB
has been demonstrated. However, some coun-
tries have used revaccination among young
adults.

We therefore conducted a randomised clinical
trial to test whether revaccination with intrader-
mal BCG vaccine would improve child survival.

Booster doses of DTP and OPV were administe-
red at 18 months of age in Bissau. We rando-
mised children to BCG revaccination at 19
months of age to reduce interference with
booster DTP and planned to include 3000
children. Since animal studies had shown that
BCG prevented malaria in mice we also condu-
cted a special investigation to examine whether
BCG might reduce the risk of malaria infection
in 1%-2 year old children. As part of this study a
large number of children were examined for
malaria infection and anaemia and treated with
iron if they were anaemic.

Results

The study recruited nearly 2900 children bet-
ween July 2002 and April 2004 at the 3 health
centres in the urban study area. The study inclu-
ded only children who did not have large PPD
reaction; children with a large reaction were
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referred to examination for tuberculosis.
Enrolment was stopped prematurely in April
2004 due to a cluster of deaths in the BCG revac-
cination arm but we continued to follow the
children to 2006. As seen in the Figure, morta-
lity increased in the BCG arm at the end of 2003
and beginning of 2004. As a consequence there
was a significant change in the mortality rate
ratio (MRR) between BCG-revaccinated and
control children. As a result there was no overall
benefit from BCG revaccination, mortality being
slightly higher among revaccinated children.
Likewise there was no benefit in terms of protec-
tion against malaria infection or hospitalisation
for malaria (167). However, there was a sex-dif-
ferential effect; the overall hospitalisation inci-
dence rate was significantly lower for girls than
for boys among BCG revaccinated children
(Incidence rate ratio (IRR)=0.66 (0.47-0.93)) whe-
reas there was no sex-difference for controls
(225).

We explored possible causes of this unexpected
mortality cluster. The sudden increase in morta-
lity coincided with a vitamin A supplementation
(VAS) campaign and the treatment of a large
number of anaemic children with iron in the end
of November 2003 (see Figure). At the same time
a measles epidemic was sweeping through the

community. During this short period mortality
was nearly three-fold higher among BCG-
revaccinated children (Mortality rate ratio
(MRR)=2.69 (1.05-6.88)).

Micronutrients
received

No vitamin A Vitamin A+

No Iron 0.34 (0.04-3.29)

8.46 (1.06-67.7)

Undefined

Iron + 1.91 (0.35-10.5)

P=0.070

Al 129 (0.29-5.75) | 4.14 (1.17-14.7)

Table . Mortality rate ratio (MRR) for BCG+ revaccination versus No

BCG revaccination according to micronutrients received

We had monitored who received VAS during the
campaign and we had administered iron oursel-
ves. Hence, we could examine whether the
increase among BCG-revaccinated children was
related to the supplementation with micronutri-
ents (Table 1). The negative effect of BCG revac-
cination was particularly strong among the large
group of children who had received VAS during
the campaign. Iron may also have had a negati-
ve effect though this was not statistically signifi-



cant. If anything the effect was opposite among
children who had received neither VAS nor iron
(226).

We also examined whether mortality during the
whole trial depended on the vaccination status
at enrolment. As seen in Table 2, BCG revaccina-
tion was associated with a significant 3-fold
reduction in mortality among the children who
- as planned - had received booster DTP prior to
BCG revaccination. However, 60% of the children
had not received all vaccines prior to enrolment
and they were told to return to receive the mis-
sing doses of DTP, OPV or measles vaccine.
Most did return, and among these children BCG
revaccination was associated with significantly
increased mortality. As a consequence the over-
all effect of BCG revaccination was slightly
negative. The negative effect of VAS among
BCG-revaccinated children was only found
among children missing vaccines at enrolment
and who did receive DTP or measles vaccine or
both after enrolment (226).

Public health implications

BCG revaccination did have the hypothesised
beneficial effect among the children who as

Mortality rate/100 pyrs (deaths/pyrs)

BCG revaccina-
tion

N=1412

Booster DTP before

0.4 (5/1393)
enrolment

Mortality rate
ratio

No BCG revacci- BCG/no BCG

nation

1419

1.0 (14/1406) 0.36 (0.13-0.99)

No Booster DTF before IRyl IIps 1.0 (21/2022) 1.80 (1.06-3.08)
enrolment
Al .2 (42/3405) 1.0 (35/3428) 1.20 (0.77-1.89)

planned had received a booster dose of DTP
prior to enrolment in the BCG trial. However,
the trial also suggests that BCG vaccination in a
situation with several other immune stimuli
(VAS, iron, DTP, measles vaccine) may have a
negative effect presumably due to some form of
overload and misdirection of the immune
response in response to infections. BCG revac-
cination could presumably be used to reduce
mortality in settings in which other interventi-
ons were controlled.

However, there may be little coordination bet-
ween intervention programmes being offered to
children in low-income countries. It is therefore
quite likely that children may receive a delayed
BCG vaccination in the age group in which VAS
is usually administered. One study from
Bangladesh in which a large proportion of the
children had received BCG and DTP with meas-
les vaccine after 9 months of age did in fact
report a significant two-fold increase in morta-
lity associated with BCG vaccination.

Table 2. Mortality rate and mortality rate
ratios by BCG revaccination status, sex and
sequence of vaccinations.
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Figure. The number of deaths by month in
the BCG revaccinated and the control group

from July 2002 to May 2006
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Future perspectives: understanding
interactions

The study confirmed that non-specific effects of
vaccines are important; the differential effects
cannot be related to protection against tubercu-
losis. The study also suggested that non-specific
effects may be difficult to control due to unanti-
cipated interactions with a large number of
other immune stimuli like vaccines and micro-

nutrients. To get a better understanding of the
basis for these interactions will be the next chal-
lenge. This and further epidemiological studies
will be needed to convince the donors and poli-
cy makers that we do need to test the likely int-
eraction between our common interventions in
childhood. Though interventions have a benefi-
cial effect when studied in a controlled situation
they may in fact have a totally different effect in
a real life situation with administration in
sequence with many other interventions. Though
we believe that our interventions are good and
efficient, they may actually have a negative
effect under certain circumstances.

References on BCG revaccination: 167,225,226



High-titre measles vaccine:
The sequence of vaccinations

Background

The incident of high-titre measles vaccine
(HTMV) was the key event in defining the
research agenda on non-specific effects of vac-
cines. HTMV was tested in Guinea-Bissau in the
1980s and found to be protective against meas-
les infection. In 1989, WHO recommended
HTMV to be administered at 6 months of age.
However, at the same time it became clear that
HTMV was associated with increased female
mortality in Guinea-Bissau, an observation that
was subsequently confirmed in Senegal and
Haiti. WHO withdrew the vaccine in 1992.

This incident clearly showed that non-specific
events are important. HTMV was fully protecti-
ve against measles infection. Nonetheless the
vaccine was associated with a two-fold higher
female mortality but no difference for boys. So
not only did vaccines have non-specific effects

these effects were also sex-differential. These
effects were major. In the West African meta-
analysis, HTMV was associated with a 35%
higher mortality between 4 months and 5 years
of age.

It has been a challenge to understand
how this could happen. If it happens
once it could happen again. When the
vaccine was withdrawn the common
assumption was that we had come too
close to the natural disease and that
new measles vaccines were needed to
protect against measles before 9 months
of age. However, that made no sense
because why would that be a problem
only for girls? When we detected that
DTP and other inactivated vaccines
were associated with increased female
mortality, it offered a completely diffe-
rent explanation of the HTMV incident.
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No DTP after HTMV

Senegal Senegal Bissau Gambia Sudan  Congo
T routine

F/M ratio: 0.96 (0.7-1.3)

DTP/IPV after HTMV

R

Sencgal Sencgal  Bissau  Gambia  Sudan
HT  Routine

F/M ratio: 1.93(1.3-2.8)

Figure. The number of female and
male deaths in all studies of HTMV
depending on whether DTP/IPV had
been administered after HTMV
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Results

In the West African studies, HTMV had been
administered at 4-5 months of age and most
children had received DTP or inactivated polio
vaccine (IPV) after measles vaccine. We therefore
tested in all the West African studies whether
this change of sequence was the real cause of
increased female mortality. Indeed, excess fema-
le mortality was only found among the group of
children who did receive DTP/IPV after measles
vaccine, the female-male mortality rate ratio
(MRR) being 1.93 (Figure). Among the small
group of children who did not come back for
vaccination at 9 months of age there was no dif-
ference, the female-male MRR being 0.96.

There are only two other studies of HTMV from
Sudan and Congo which have collected informa-
tion on mortality after vaccination. We reanaly-
zed these studies (119). They were also consistent
with the new hypothesis. In Sudan girls had also
had significantly higher mortality than boys
among the HTMV recipients. In Sudan, vaccine
informationhad notbeen collected after enrolment
but vaccination had been registered at enrolment,
and it was known that most children had recei-
ved missing doses of DTP and OPV after
enrolment. There was a clear association between
the number of doses of DTP missing at enrolment
(and presumably given after enrolment) and the
female-male MRR after reception of HTMV. In
contrast, in Congo the children did not receive
DTP after HTMV; most children received HTMV
after DTP3 or together with DTP3. The female-
male MRR was 0.40 in Congo (119).

In contrast to the common belief that HTMV had
a deleterious effect, HTMV per se may have been
associated with low mortality. The annual mor-
tality between 6 and 36 months of age was only
1.0% in Congo among children who had recei-
ved HTMV as the most recent vaccination. In
Sudan, HTMYV recipients had significantly lower
mortality than randomised controls receiving
meningococcal vaccine as a “placebo” in the
interval before the controls also received measles
vaccines (119).

These studies suggested that the sequence of
vaccinations was important, the most recent vac-
cination determining the immunological profile.
For girls, it was problematic if the most recent
vaccination was DTP and not measles vaccine.
Hence, DTP vaccination status at enrolment
could determine subsequent mortality in a meas-
les vaccination trial if missing doses of DTP were
administered after enrolment. As indicated in
the Table, this did turned out to be the case in the
three measles vaccine trials from which we had
data. After receiving measles vaccination,
children missing one or more doses of DTP
(DTPO0-2) had significantly higher mortality than
those who had already received DTP3, but only
among girls. For boys this difference did not
matter.

Public health implications
These data indicate that the real problem was

not HTMV but DTP and the change in sequence
of vaccination. We removed a good vaccine for



Table. Mortality rate after enrolment in measles vaccination trials in relation to the DTP vaccination status at enrolment

Study

MR

(DTP0-2/DTP3)

Boys

MR

DTPO-2 DTP3  pTPo.2iDTP3)

Guinea-Bissau (166) 1.97 (1.04-3.72) 1.06 (0.60-1.90)
Sudan (119) 6.0% 2.8% 2.16 (0.27-17.3) 1.4% 1.9% 0.71 (0.06-7.87)
Congo (119) 10.0% 2.8% 3.54 (0.71-17.5) 10.6% 5.1% 2.06 (0.46-9.22)
Total 2.10 (1.19-3.72) .13 (0.67-1.90)

the wrong reason. Previous studies of vaccines
have not taken the interaction and sequence
with other vaccines into consideration. However,
the data of administering DTP after measles vac-
cine (Table) or after BCG (Chapter 20) suggest
that these effects may be very important for the
outcome in vaccination trials.

The reinterpretation of HTMV constitutes the
strongest argument for the hypothesis that DTP
has negative effects on girls. It is impossible to
generate a totally unexpected hypothesis from
unconnected studies and find it consistent with
all existing data unless a causal biological pro-
cess is at work. An implication of this hypothe-
sis is that the same may happen again once new
measles vaccines are going to be tested in the
first months of life.

Future perspectives

These observations also question the current
practice of administering missing vaccines whe-
never a child comes to a health centre. This may
be particularly important because it is current
donor policy to measure the performance of the
vaccination program by the coverage for DTP3.
Therefore, many children are getting DTP admi-
nistered with measles vaccine or after measles
vaccine. All indications are that such practices
are associated with increased mortality (Chapter
21). It would seem necessary to test the practice
of administering DTP with measles vaccine or
after measles vaccine in randomized clinical tri-
als.

References on HTMV and sequence of vaccinati-
ons: 10,12,20,119
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Early measles vaccination:

Targeted and

non-targeted effects

Background

The current policy of providing measles vaccine
at 9 months of age in low-income countries was
defined by the World Health Organization 25
years ago. The policy was built on studies of
seroconversion after measles vaccination at dif-
ferent ages. To interpret the data five assumpti-
ons were used: children with antibodies were
fully protected; children with no measurable
antibodies were fully susceptible; measles in
previously vaccinated and unvaccinated children
was equally severe; it did not matter whether
they got measles in infancy or later; and seeing
measles in vaccinated children, so-called “vac-
cine failures”, would lead to lack of confidence
in the vaccination program. Based on these
assumptions it was decided to vaccinate at 9
months rather than at 7 or 8 months of age.
These assumptions were wrong and had the
impact on infant survival been assessed in a

randomised trial, it would probably have been
better to vaccinate at 6 or 7 months of age.
“Vaccine failure” cases have lower case fatality
and early vaccination would have moved meas-
les infection to an older age group with lower
case fatality. Furthermore, measles vaccination
has non-specific beneficial effects which would
prevent deaths as soon as measles vaccine was
given irrespective of measles infection
(1,3,8,84,107). However, the effect on infant
survival of measles vaccine at age 9 months
compared with measles vaccine at an earlier age
was never tested.

There are further reasons to believe that measles
vaccination before 9 months of age would redu-
ce mortality more than measles vaccine at age 9
months. First, an increasing proportion of
mothers have not had natural measles infection
but have been immunised in childhood. Such
mothers have lower measles antibody levels and



transfer lower levels to their offspring. Second,
many studies have shown that DTP vaccine is
associated with higher mortality for girls (12).
Hence, it might be beneficial particularly for
girls to be vaccinated early with measles vaccine
and thereby reduce the time of exposure to DTP
as the most recent vaccine (8).

For all these reasons, we have tried different
strategies to reduce the age at measles vaccina-
tion including high-titre measles vaccination
(HTMV) and two-dose schedules at 6 and 9
months of age (12,32). As described in the
chapter on HTMV both of these strategies ran
into problems with the sequence of vaccinati-
ons, due to a negative effect of DTP being
administered after measles vaccine. In the most
recent trial, we have therefore included children
only if they had already received DTP3 and
therefore should receive no further DTP after
measles vaccination.

Since we have maintained very
high measles vaccination cove-
rage in the study area for many
years we should have had no
measles epidemic. However,
coverage has declined in the rest
of Bissau and many older
children have moved to the study
area. An epidemic of more than
2000 measles cases flared up soon after the new
measles vaccination trial had started in 2003.
This provided an unexpected opportunity for
testing the effect of early measles vaccination.

Results

Between August 2003 and May 2004, 1333
children were randomised at the three local
health centres in the study area, one third recei-
ving standard Edmonston-Zagreb measles vac-
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back at 9 months of age
to receive their normal
measles vaccination or their second dose of vac-
cine (214).

Surprisingly only 28% of the children who had
measles antibody tested at 4% months of age
had protective antibody levels, the proportion
being significantly lower among girls than
among boys (RR=0.55 (0.34-0.91)). Consistently
with the low level of maternal antibodies, the
measles incidence was very high during the epi-
demic. Before 9 months of age, 19% of the
unvaccinated children caught measles. In spite
of the fact that we offered clinical treatment to
all children including at hospital, the case fata-
lity was still as high as 8%.

Measles vaccination at 4% months of age turned
out to be highly efficacious in the interval bet-
ween 4% and 9 months of age in which the
children would not normally be protected. The
efficacy against serologically confirmed or defi-
nite clinical infection was as high as 94% (Figure).
Early measles vaccination prevented completely
measles hospitalisation and measles death.
Though not significant, overall mortality was
lower in the early measles vaccination group
(MRR=0.18 (0.02-1.36)). Long-term follow-up is
still ongoing in the present study so the final
result is not yet known. However, the indication
is that early measles vaccination may help
reduce hospitalisations and non-measles deaths
among girls.

Public health implications
In spite of many years of measles vaccination,

measles is still potentially a very severe infec-
tion in this urban community. The situation has



been aggravated by declining maternal antibody
levels. The majority of children are losing mater-
nal antibody levels before 6 months of age.
When the current vaccination programme was
formulated 25 years ago most children only lost
protection between 6 and 9 months of age. Now
there is a second group of mothers who has not
had natural infection and their offspring may
therefore be losing protection already at 3 to 5
months of age. The challenge is therefore to find
a policy which may protect both groups of
children. One could fear that early measles vac-
cination would lead to lower antibody levels
and therefore a higher risk of measles infection
later in life. If that is not the case, the present
study suggests that a two-dose strategy at 4 and
9 months might be a good option in countries
which have had high measles vaccination cove-
rage for a long time. Already at this stage it
seems clear that EZ measles vaccine can be used
as early as 4 months of age during outbreaks or
in situations with a high concentration of
infants.

Future perspectives

If the present beneficial effects on also non-
measles deaths of early measles vaccination
persist, early measles vaccination should be
tested in other populations, particularly for the
non-specific beneficial effects. It would be inte-
resting to assess the impact in a situation with
higher maternal antibody levels.

Following the problems with HTMYV, major
donors, including EU, WHO, Gates and NIH,
have invested in new measles vaccines which
should be able to immunise children early in
life. Such new vaccines should be tested for both
targeted and non-targeted effects against EZ
vaccine which has a proven efficacy in this age
range.

References on measles vaccine:
1,3,8,84,97,107,214
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Sex-differential and
non-specific ettects of
inactivated vaccines

Background

Several observational studies have suggested
that DTP may also have non-specific effects, but
in contrast to BCG and measles vaccine the
effects of DTP are negative. In medical culture,
observational studies have little impact. For
these observations to have policy implications, it
would be desirable to conduct randomised stu-
dies to test a possible negative effect of DTP.
However, it is unethical to withhold a vaccine
which is already recommended. Hence, the
hypothesis that DTP has a negative effect on
survival can only be tested indirectly, by making
logical deductions and testing these. The more
deductions can be shown to be consistent, the
more likely it is that the underlying hypothesis
reflects a causal process. This process has gene-
rated several linked observations which do sug-
gest that DTP has an unwanted effect on girls. It
should be noted that most observations have
been done in situations with herd immunity to

pertussis, and hence a survival benefit from
being protected against pertussis has not been
evident.

Results

First, in all community studies analysing the
impact of several vaccines on survival, BCG and
measles vaccine have been associated with a
beneficial effect whereas DTP has had a negative
effect (Chapter 15).

Second, the effect of DTP has been worse for
girls than for boys. This is illustrated by the
female-male mortality rate ratio (MRR) in all
available studies (Figure 1) (44, 45, 81, 119, 126,
134, 179). This pattern is also different for BCG
and measles vaccine which are both associated
with lower female mortality. Most studies have
focused on mortality but a series of morbidity
studies have also indicated that the relative risk



for girls and boys changes depending on the
most recent vaccine, incidence being higher for
girls than boys while DTP is the most recent vac-
cine (120,129).

Third, if DTP is in fact associated with increased
female mortality one would expect that female
mortality is increased over male mortality in the
age group in which DTP is the predominant vac-
cine in communities with high vaccination cove-
rage. Female-male mortality has not previously
been analysed in this way but in all the studies
we have analysed the pattern has been consi-
stent, as illustrated by the two studies from The
Gambia and Malawi (Figure 2). After an initial
lower mortality for girls, female mortality incre-
ases over male mortality around 3-4 months of
age, i.e. the age group in which DTP predomina-
tes. Around 9 to 12 months of age, i.e. the age
group in which measles vaccine predominates,
female mortality declines steeply becoming
again lower than male mortality.

Fourth, if these negative effects had to do with
the vaccine being “inactivated” rather than with
any of the specific antigens of DTP vaccine, one
should presumably find similar patterns for
hepatitis B vaccine (HBV) and inactivated polio
vaccine (IPV). For both vaccines we have in fact
shown that they are associated with increased
female mortality. For HBV, the female-male mor-
tality ratio in Guinea-Bissau was 2.20 (1.07-4.54)
during the period in which HBV was provided
to a large number of the children in Bandim (65).
Through the 1980s and 1990s, we used IPV as a
“control” vaccine in several trials in which meas-

les vaccine was provided early at 4-6 months of
age. Until the IPV recipients received measles
vaccine at 9 months of age, girls had 52%
(2-128%) higher mortality than boys (166).

We have obtained and analysed data sets from
several other low income countries including
The Gambia (134), Senegal (44,201), Ghana,
Congo (119), Sudan (119), Malawi (126) and
India. All studies have been consistent with the
studies from Guinea-Bissau showing sex-diffe-
rential and non-specific effects of vaccines
(Figures 1-2).

Public health implications

Given this consistency and the fact that DTP
has been found to have a negative effect for
girls when administered after measles vac-
cine (Chapter 18) and the negative interacti-
ons with vitamin A supplementation
(Chapter 25), it is difficult to imagine that
DTP should not have a negative effect on
mortality for girls. DTP has mainly been
examined in situations in which herd immu-
nity has been sufficient to prevent deaths
from whooping cough. It is therefore not
known what would happen if DTP was

Guinea-Bissau (52)
Guinea-Bissau (42)
Malawi (53)
Senegal (7)
Guinea-Bissau (27)
Guinea-Bissau (57)
Gambia (31)
Senegal (23)
Bangladesh (54)
Guinea-Bissau (26)
Guinea-Bissau (6)
Guinea-Bissau (28)
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Female-male mortality ratio

removed. In the long run, it will be neces-
sary to develop a DTP-type vaccine without
negative effects. However, such a vaccine does
not exist and we have therefore focused on dif-
ferent strategies to reduce the time of exposure
to DTP as the most recent vaccine (Chapters 17
and 19).

Figure |. Female-male mortality rate ratios

among DTP-vaccinated children
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Figure 2. Age and sex-specific mortality

curves from Gambia and Malawi

A number of WHO-sponsored studies has que-
stioned our observations. These studies have
often had methodological problems with survi-
val bias (153). Furthermore, most studies have
examined the effect of DTP when administered
simultaneously with BCG whereas we have exa-
mined the effect of DTP administered after BCG
as currently recommended by WHO (154). The
effect of simultaneous BCG and DTP vaccinati-
ons is likely to be quite different from sequential
administration (201).

Given the current controversy; it is still necessary
to conduct further studies of the impact of DTP
on overall morbidity and mortality and these
should preferably be randomised clinical trials
since WHO’s Global Advisory Committee on
Vaccine Safety has declared that it is unlikely to
be persuaded by observational studies.
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Future perspectives

We have pursued three slightly different
approaches to reduce the time of exposure to
DTP as most recent vaccine. As suggested by
Figure 2, if the age at measles vaccination was
moved forward from 9 months to 4-5 months of
age this might reduce female mortality in an age
group with a very high mortality. The prelimi-
nary results are supportive (Chapter 19). We
have also tried to administer BCG revaccination
after booster DTP to reduce the negative effect of
DTP (Chapter 17). Finally, in a study which is
still ongoing, we are randomising children to
receive or not receive DTP booster vaccination.

Several other approaches may have to be tested
in the future. There is good evidence from obser-
vational studies that the effects of combining
DTP with either BCG or with measles vaccines
are quite different from the effect observed when
the vaccines are administered sequentially as
recommended by WHO. Since such combined
vaccinations are quite common, particularly in
rural areas, it would be important to test their
effects in randomised trials. It should also be
considered to delay the initial DTP vaccination
in randomised clinical trials.

References on DTP: 12,26,41,44,45,46,65,73,74,75,
79,81,93,98,99,119,120,126,129,134,149,
150,153,154,161, 166,179,201,217



Out-of-sequence vaccinations

Background

The high-titre measles vaccine (HTMYV) incident
(Chapter 18) made it clear that the sequence of
vaccinations was very important for child mor-
tality. This made us look more systematically at
the out-of-sequence vaccinations. WHO has for
many years recommended a schedule of BCG
and OPV at birth and then three doses of DTP
and OPV at 6, 10, and 14 weeks of age, and
finally measles vaccine at 9 months of age. In
some countries the tradition of administering
booster doses of DTP and OPV has continued
even though this is no longer official WHO
policy (Figure). In recent years new vaccines
have been added, in particular Hib and HBV
often in a penta-valent vaccine with DTP.

In practice most vaccinations may not follow
this schedule. Particularly in rural areas there
are many reasons why vaccinations get delayed.

If the child is sick or malnourished the mother
is likely to postpone vaccination. Many health
centres have only a weekly or monthly day for
BCG vaccinations. As a result, in the studies
from Senegal, Ghana, India, Bangladesh (154),
and the Philippines (201) which have reported
such data, a majority of the children received
BCG together with DTP or after DTP. Likewise,
delay in the administration of DTP is very com-
mon and for that reason many children receive
DTP and measles vaccination simultaneously
or DTP after measles vaccination. This tenden-
cy has been strengthened by the donor policy
of monitoring the performance of the national
vaccination programmes through the coverage
for DTP3. In rural Bissau 2/3 of the doses of
measles vaccine are administered with DTP. We
therefore examined available data sets for indi-
cation of such changes in the sequence of vac-
cinations.
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Receiving DTP after HTMV or after standard
measles vaccine was a strong risk factor for sub-
sequent female mortality. It has not been exami-
ned whether the combination of routine vacci-
nations has an impact on child survival in low-
income countries. BCG and measles vaccine are
associated with an overall beneficial effect on
childhood survival whereas DTPis not. However,
these generalisations do not permit us to predict
what might happen when these vaccines are
given together. We therefore examined the mor-
tality rate and possible sex-differential effects
when DTP is given simultaneously with BCG or
measles vaccine.

Results

Simultaneous administration of BCG and DTP.
We have limited data on BCG and DTP combined
but the indication from Bissau (44), Senegal (201)
and India is that BCG and DTP combined is bet-
ter for girls than for boys. For example, in a study
of female-male twin pairs from Bissau and
Senegal, the female twins had lower mortality as
long as combined BCG and DTP were the last
vaccinations, the female-male MR being 0.29
(0.02-1.03) (44). The impact on overall mortality
of BCG and DTP combined or BCG after DTP
may be beneficial.

Simultaneous administration of measles vacci-
ne and DTP. So far we have been able to examine
simultaneous administration of DTP and meas-
les vaccine in 5 studies. All studies have found
simultaneous DTP and measles vaccinations to
be associated with higher mortality than having
received measles vaccine as the most recent vac-
cine (Table). It should be noted that a priori the
children who receive measles vaccine and DTP
vaccine together may have less compliant
mothers and have a higher risk of dying; howe-
ver, the effect estimates seem too large to be
explained merely by selection bias. All studies
also suggest that combined measles vaccine and
DTP may be worse for boys than for girls. One
of these studies from Senegal was a randomised
trial and the female-male MRR was 0.58 (0.33-
1.03) (12).

The effect of combined DTP and measles vaccine
might blur the beneficial effect of measles vac-
cine in survival analyses looking at the average
effects of several vaccines without restricting the
analysis to the most recent vaccination. For
example, a Bangladesh study reported that the
effect of measles vaccine was only 0.93 (0.65-
1.34). However, when children with simultane-
ous DTP/BCG and measles vaccinations were
excluded, the estimate of measles vaccine beca-
me 0.61 (0.44-0.85). This change implies that the



DTP/BCG and measles-vaccinated children cen-
sored in the analysis had strong excess mortality.
Hence, this study supports the same trend as the
one we observed in our own studies (Table).

Public health implications and future
perspectives

There is little tradition for testing the interacti-
ons between different interventions. Our data
suggest that it makes a difference in which order
vaccines have been administered. This possibi-
lity has not been taken into consideration in the
current immunisation programme which
recommends that missing doses of vaccines
should be administered whenever there is a pos-
sibility.

It would seem necessary to test the effect of
these unplanned combinations of both BCG and
DTP and of DTP and measles vaccine in rando-
mised trials.

References on out-of-sequence vaccinations:
12,44,119,126,134,150,154, 166,201,217

Countr No. MRR (MV+DTP

Y children versus MV)
Congo (119) 485 EZ trial at 6 to 36 months 5.38 (1.37-21.2)
Malawi (126) 751 Routine vaccination 5.27 (1.11-25.0)
Guinea-Bissau 403 Hospital case fatality for children aged 6-17 1.87 (1.06-3.31)
(150) months

Campaign with vitamin A in which some children
201 received MV and some MV and DTP; children
aged 6-17 months

Undefined;
p=0.015

Guinea-Bissau
(217)

10% (4/41) of dead children aged 9-17 mo had
Gambia (134) received DTP=MV compared with 2% (43/2539) | 5.59 (2.10-14.8)
in community

Table. Mortality ratio for children receiving measles vaccine (MV) and DTP simul-
taneously compared with having received MV alone as the most recent vaccine

BCG DTP/OPV Measles DTP/OPV booster
OPV
I | | | , [ — | >
| | v
Birth 6 10 14wk 9 mo 18 mo

Figure: Vaccination schedule in Guinea-Bissau
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Non-specific ettects of
smallpox vaccine in

Guinea-Bissau

Background

Smallpox vaccination was introduced in 1800
and was associated with marked reductions in
mortality in the industrialising countries. The
last case of smallpox occurred in 1977 and in
1980 the World Health Organization recommen-
ded stopping smallpox vaccinations. No assess-
ment was made of the health impact of disconti-
nuing vaccination. Smallpox vaccination is asso-
ciated with a strong immune stimulation and
could have important non-specific effects as
observed for other live vaccines such as BCG
and measles vaccines.

In order to study a possible non-specific effect of
smallpox vaccine, we needed access to vaccina-
tion status before 1980. In Guinea-Bissau this
was possible through vaccination scar surveys.
In several studies we investigate a possible non-
specific effect of smallpox vaccine, some 30

years after its administration — an idea that may
be over-stretching the imagination of many rea-
ders. There are, however, a number of case-con-
trol studies from high-income countries sugge-
sting that smallpox vaccination protected against
diverse chronic conditions and cancers. In a
European study of people with malignant mela-
noma, it improved survival to have been small-
pox vaccinated several years prior to diagnosis.

Results

Evaluation of smallpox vaccine scars as proxy
for smallpox vaccination

We located most of the registration books of the
vaccination programme in Bissau for the period
1964-1980. Sixty-nine persons with documented
vaccination and still living in the study area had
been visited at home to examine presence and
size of smallpox vaccine scars in connection



with one of our surveys. Ninety percent (62/69)
had had a smallpox vaccine scar identified, the
median diameter being 16.5mm. The seven
adults without a smallpox vaccine scar were
revisited and five had a small scar that had not
been detected. Among 1,076 teenagers who
were too young to have received smallpox vac-
cine and whose scars were therefore were due to
BCG, the median diameter was 5mm (135).
Smallpox scar was thus considered a good proxy
for smallpox vaccination with at least 90% sensi-
tivity. Since it was not possible to clearly distin-
guish between large BCG and small smallpox
vaccination scars, results were also presented as
any scar (smallpox or BCG vaccination) versus
no scar in addition to smallpox scar versus no
scar.

Adult mortality

From January 1998 to January 1999, with pauses
during periods of war, field workers assessed
vaccination scars for 1893 adults above 25 years
of age in Bandim 1 and 2. Only individuals
above 25 years of age were eligible for inclusion,
since smallpox vaccination in Bissau ceased in
1980. Survival was assessed in a survey condu-
cted in June-July 2002. Comparing individuals
with a smallpox vaccine scar but no BCG scar
with individuals without any scar (n=873/1373),
the mortality ratio (MR) adjusted for age was
0.60 (0.40-0.91) during the non-war periods
(Figure 1). The effect of smallpox vaccination
may have been stronger for women (MR = 0.51)
than men. The effect of smallpox vaccine appea-
red to be similar among individuals with a BCG
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scar, and the effect of having any type of scar on
mortality was 0.61 (0.41-0.89)(135).

It was possible to test our findings from the
Bissau scar survey within a case-control study of
HIV-2 infection in Caio, rural Guinea-Bissau. In
2003, 367 individuals born before 1974 (and the-
refore possibly smallpox-vaccinated) were exa-
mined for vaccine scars by a physician. Of these,
141 were only HIV-2-infected, 23 were only HIV-
l-infected, 29 were dually infected, and 174
were uninfected. Survival was assessed in 2006
and over the three years of follow-up, 13%
(47/367) had died. Individuals with a smallpox
vaccine scar had lower mortality than individu-
als without any scar. The MR was 0.22 (0.08-
0.61) adjusting for age, sex, village and HIV
status. The MR for women was 0.19 (0.06-0.57)
and 0.40 (0.04-3.74) for men. The tendency was
the same comparing individuals with any scar
to individuals without any scar, the MR being
0.25 (0.10-0.62). The association with better

Figure |.Kaplan—Meier
survival curves for 873
people with a vaccinia scar
and no BCG vaccination (1)
and for 500 individuals wit-
hout any scar in Bissau (2)
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survival was found for both HIV-negative and
HIV-2 infected individuals (151).

HIV-infection

When analysing the Bissau scar-survey, there
was an unexpected association between small-
pox vaccination scars and HIV-2 infection.
Persons with a smallpox scar were more likely
to be HIV-2-infected compared with individuals
with no vaccination scar, the prevalence ratio
(PR) being 2.45 (1.06-5.65). We were able to con-
firm this finding within the Caio study; the pre-
valence of HIV-2 infection was 52% (131/251)
among people with a smallpox vaccination scar
but only 34% (39/116) among those without.
The HIV-2 prevalence ratio for individuals with
a smallpox vaccination scar was 2.08 (1.14-3.78)
compared with individuals without any scar.
The epidemiology of HIV-2 is consistent with a
period of more intense transmission in the 1950s
or 1960s (183). The smallpox vaccination cam-
paigns could have contributed to the transmis-
sion of blood-born infections like HIV-2, presu-
mably due to insufficient sterilization of the
knife or needle used for vaccination.

Since HIV-1 was not present in Guinea-Bissau in
the 1970s, vaccination with smallpox has not
contributed to the spread of HIV-1. However,
considering the marked effects of smallpox vac-
cination scars on mortality, we turned our atten-
tion to a possible association of smallpox vacci-
nation with HIV-1. The most recent survey of
HIV-infection in Bandim was conducted in 394

randomly selected houses between 2005 and
2006. The study was designed to examine the
prevalence of HIV and included individuals
aged 15 years or older living; 2082 individuals
born before 1974 were included and had a
blood-sample collected. Among those whose
HIV-1 status was determined, we also managed
to determine smallpox vaccination scar status in
1472 of these individuals. There was a statisti-
cally significantly reduced risk of having HIV-1
among women with a smallpox scar compared
with women without a scar. A similar tendency
was observed for men (Table 1).

This is the first time smallpox scar status has
been found to be associated with a lower risk of
having HIV-1. The hypothesis was generated by
our previous findings of reduced mortality and
morbidity among smallpox vaccinated indivi-
duals as well as findings on non-specific effects
of other live vaccines. The underlying mecha-
nism is thought to be an immunological general
response to the vaccines that is not only specific
to the targeted disease but also modifies the
capacity of the immune-system more generally.

Public health implications

With the growing evidence for non-specific
effects of vaccines, examining such effects of
smallpox vaccine seems relevant considering its
potency as an immune stimulator. We may gain
important insight into the long-term non-speci-



Males (N=598)

Females (N=874)

% HIV-1 pos. o Scar status % HIV-1 pos. o
Scar status (N/Niotal) OR (95 % ClI) (N/Ntotal) OR (95 % Cl)
No scar 5.7 (7/122) I No scar 8.1 (17/209) |
smallpox scar 3.4 (14/417) 0.53 (0.20-1.40) | smallpox scar 4.6 (26/560) 0.44 (0.22-0.90)

BCG or other scar | 0.0 (0/59) -

BCG or other scar | 8.6 (9/105) 0.66 (0.27-1.62)

Table 1. Percent HIV-1 positives and OR of having HIV-1 controlled for relevant explanatory vari-

ables (birth year, ethnicity, number of children and fieldworker). (Preliminary results).

fic effects of live vaccines. Due to the unaccep-
tably high rate of side-effects, it is however not
likely that smallpox vaccine will be reintrodu-
ced in low-income countries.

Future perspectives

The studies in Bissau have generated large
cohorts of individuals who have been assessed
for smallpox vaccine and BCG scarring. These
cohorts will be followed to study association
with other health outcomes as, for example, cho-
lera infection during the current epidemic in
Bissau. The data from Bissau also suggested a
very strong association with arm-circumference,
smallpox vaccinated individuals having a much
larger circumference. Larger arm-circumference
is a strong predictor of subsequent survival.
This association as well as immunological stu-

dies of the associations between smallpox vac-
cine and various infectious and chronic diseases
are warranted. Modified vaccinia Ankara (MVA)
is used in experiments as a vector for other anti-
gens and it would be interesting to study its
possible non-specific effects.

References on smallpox vaccination: 135,151
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Non-specific effects of small-
pox vaccine and BCG: Taking
the observations to Denmark

Background

Smallpox vaccination (vaccinia) was disconti-
nued in the late 1970s. In several European
countries, compulsory BCG vaccination practise
was discontinued at the same time. A number of
case-control studies from high-income countries
suggest that smallpox vaccination protect against
diverse chronic conditions and cancers. In a
European study of people with malignant mela-
noma, smallpox vaccination reduced the risk of
developing malignant melanoma and smallpox-
vaccination improved survival among malig-
nant melanoma patients who had been small-
pox-vaccinated several years prior to diagnosis.
Considering these observations and our fin-
dings from Guinea-Bissau, we wanted to study
whether smallpox vaccine and BCG also had
non-specific effects in a European setting. In
Denmark, we could obtain information about
smallpox and BCG vaccination before 1980 as

well as status of other vaccines through inspec-
tion of the school-health records.

Results

Information on smallpox vaccination was
obtained from the Copenhagen School Health
Records Registry (CSHRR).Persons born 1965 to
1976 were studied, since selection to vaccinated
and unvaccinated would be more random
during a time when a vaccination practise was
ceasing than when vaccination was compulsory
and a small group refused or had contraindica-
tions against vaccination (Figure). As expected,
BCG coverage declined in a similar way as
smallpox vaccination, just a few years later.

Atopy, allergic rhinitis and asthma From an
ecological perspective, the termination of small-
pox vaccination in high-income countries coinci-
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ded with an increased incidence of asthma. We
examined the occurrence of atopy, allergic rhini-
tis, and asthma among Danish women within a
national birth cohort study. Among the 1960
women for whom sera were available, 552 (28%)
were classified as atopic; among the 1927 women
with information on allergic rhinitis and asthma,
263 (14%) had allergic rhinitis, and 165 (9%)
were cases of asthma. Overall, smallpox vacci-
nation was not associated with risk of atopy or
allergic rhinitis compared to unvaccinated
women. However, smallpox vaccination was
associated with an OR of asthma of 0.55 (0.30 to
1.00) adjusting for birth cohort, sibship size, age
of the women’s mother at birth, and social class.
Hence, women who had received smallpox vac-
cination were less likely to have asthma, an
association previously not described (9).

tion status. Preliminary analysis
shows that BCG is associated with
a lower risk of all-cause infectious disease hospi-
talization among women and a tendency
towards smallpox-vaccinated subjects
having a lower risk of all-cause infectious
disease hospitalisation than subjects not
vaccinated with these vaccines (Table).
Smallpox-vaccinated subjects were less
likely to have skin infections and BCG-
vaccinated subjects less likely to be
hospitalised for sexually transmitted
infections (STI) than unvaccinated indi-
viduals. These observations are being
pursued with studies of specific STIs
including HIV-1. The preliminary indica-
tions are that BCG protects women against
HIV-1 infection (hazard ratio (HR) 0.30
(0.12-0.77)) whereas the effect for smallpox
vaccine was smaller (HR=0.81 (0.24-2.73)).
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Future perspectives

The work on smallpox and BCG vaccination in a
Danish context is in the early phase. The cohort
of individuals with information on vaccination
status in the 1970s will be enlarged and linkage

with disease registers will be pursued to detect
other associations between vaccination status
and health.

References on smallpox vaccination: 9

Table. All infectious disease hospitalisation and the subgroup of skin infections and sexually transmitted infections in relation to
smallpox and BCG vaccination status. Preliminary analysis in a Cox regression model with repeated events, controlling for sex and

the other vaccine

Number of hospitalizations

Smallpox vaccination

All infections

(765/2039)

Skin infections

(100/2039)

Sexually trans-
mitted inf.

(7712039)

Non-smallpox

I (ref)

I (ref)

I (ref)

Women:

Smallpox

0.85 (0.64-1.12)

0.51 (0.21-1.20)

110 (0.56-2.17)

Non-smallpox

I (ref)

I (ref)

I (ref)

Men:
Smallpox

0.78 (0.58-1.06)

0.45 (0.20-1.04)

1.33 (0.42-4.27)

Non-smallpox

I (ref)

I (ref)

I (ref)

Total
Smallpox

BCG vaccination

Non-BCG

Women:

BCG

Non-BCG

Men:

BCG

Non BCG

BCG

0.82 (0.65-1.02) 0.48 (0.25-0.94) 1.16 (0.62-2.19)
I (ref) I (ref) I (ref)
0.76 (0.59-0.99) 0.93 (0.41-2.09) 0.35 (0.19-0.67)
I (ref) I (ref) I (ref)
1.06 (0.78-1.44) 1.36 (0.61-3.01) 0.38 (0.12-1.18)
I (ref) I (ref) I (ref)
0.87 (0.71-1.07) I.11 (0.65-1.92) 0.36 (0.21-0.63)




Breastteeding and improved

child health:

Eftect or confounding

Background

Not only is breastfeeding the ideal nutrition for
infants; in environments with a high pressure of
infectious diseases, breastfeeding is essential for
a reduction in child morbidity and mortality.
However, only few randomised studies have
investigated the practical implications of breast-
feeding promotion, and most data originate
from observational studies. Introduction of
complementary food leading to complete ces-
sation of breastfeeding is a gradual process
affected by many biological, behavioural and
cultural factors. Thus, data from observational
studies always bear a considerable risk of being
influenced by unknown confounders. In set-
tings with excessive child mortality and a strong
association between breastfeeding and mortali-
ty, it is important to know if and how improved
breastfeeding practices can reduce infant and
child mortality.

Results

In a randomised study including 1,721 children
the intervention group received individual
health education encouraging the mothers to
postpone introduction of water and weaning
food until the child had reached the age of 4-6
months (189). Both water and weaning is intro-
duced early in this community. However, for
both water and weaning food the introduction
was significantly delayed in the intervention
group. Despite mothers being responsive to the
intervention by postponing water and weaning
food, we did not find an improvement in child
health during the 6 months of follow-up. There
was no difference in diarrhoea morbidity or
hospitalisation between the intervention group
and the control group. Children aged 4-6 months
of age, those in the intervention group had a
significantly lower weight compared with the
control group and though not statistically signi-
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ficant, mortality was
slightly higher in the inter-
vention group, the hazard
ratio (HR) being 1.86 (0.79
- 4.39). However, the
sample size was too small
to detect a difference in
mortality.

In an observational study
following 1,724 children
(2), we investigated the
impact of the mother’s
reason for weaning on
subsequent  mortality.
Following termination of
breastfeeding, 66 children
died before 36 months of age. Sixty-two % were
weaned because they were “healthy”. For 237
children weaned due to a new pregnancy the
mortality ratio was 3.25 (1.45-7.30). Median
length of spacing between an index child and a
new sibling was 28 months irrespective of
whether the index child survived or died before
three years of age. The majority of the deaths
occurred before the birth of the new sibling.
Thus, confounding due to the mothers reasons
for weaning may play a major role in the results
from observational breastfeeding studies.

Public health implications

Promotion of breastfeeding has theoretically a
great potential for reducing in morbidity and
mortality in low-income countries. However, in
real life it is questionable whether large scale
promotion of exclusive breastfeeding will lead
to any improvement in infant health in countries
with a tradition for a long breastfeeding period.
It would demand a great effort to change cur-
rent behaviour patterns while the effect on mor-
tality seems small. There is little reason to dis-
courage good local practices unless there are
strong data justifying such a change.

Future perspectives

It should be investigated if more appropriate
approaches might help to avoid premature (< 1
year) stop of breastfeeding, for example, main-
taining breastfeeding during illness or hospitali-
sation, or supply secure birth control methods to
avoid short intervals between pregnancies. Our
studies do not include infants under the age of 7
days. The fact that infant mortality is very high
in the first 7 days of life makes it an important
issue to investigate.

References on breastfeeding: 2, 24, 147, 189



Vitamin A and vaccines

Background

High-dose vitamin A supplementation (VAS)
and vaccines are among the most important
tools to reduce child mortality in low-income
countries. To increase VAS coverage the World
Health Organization (WHO) has recommended
the integration of VAS with the Expanded
Programme on Immunization (EPI). Two main
strategies have been pursued. First, it is
recommended to provide VAS at routine vacci-
nation contacts after 6 months of age. Second,
VAS can be provided at national immunisation
days or vaccination campaigns (Table 1).

The WHO VAS policy was introduced after a
number of randomised trials in the mid/late
eighties and early nineties had shown that high-
dose VAS for children between 6 months and 5
years of age reduces overall mortality by impres-
sing 23-30 %. The effect was ascribed to the

prevention and treatment of vitamin A defi-
ciency. None of the trials had linked VAS with
vaccinations or studied the effect of VAS accor-
ding to vaccination status. The implementation
of the EPI was still in its youth, and vaccination
coverage was low. Hence, the current WHO
policy of providing VAS with vaccines has never
been tested in randomised trials. In other words,
one of the major policies to reduce child morta-
lity has never been evaluated for its overall
effect on child mortality.

In fact the effect of VAS may depend on the type
of vaccine with which it is given. In 2003, we
published the hypothesis that VAS amplifies the
non-specific effect of vaccines, being beneficial
when administered with the live BCG and meas-
les vaccines, but potentially harmful when given
with the inactivated DTP vaccine (26). Since its
formulation, we have aimed to test this hypo-
thesis in observational and randomised trials.
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Results

To date we have been the only group to conduct
studies with the specific aim to explore vitamin
A-vaccine interactions in terms of mortality and
continuously compare the evidence for our
hypothesis against the evidence for the “preven-
tion-of-deficiency”-hypothesis. Since it would
be unethical to randomise children to most vac-
cines, we have had to be pragmatic when desig-
ning the trials. Hence, our studies have taken
many different forms.

A smaller dose may be even better than a high
dose

One of the observations which were contradic-
tory according to the “prevention-of deficiency”
hypothesis was made in a WHO multicenter
trial. Almost 10,000 children were randomised
to 25,000 IU vitamin A or placebo with the three
DTP vaccines. The children who received vita-
min A would receive 25,000 IU with measles
vaccine at 9 months of age whereas those who
had received placebo would receive 100,000 IU
with measles vaccine. According to the survival
curves, mortality was slightly higher among
VAS compared with placebo recipients during
the first 6 months of life. However, the curves
crossed and mortality from 9 to 11 months of age
when follow-up ended was significantly higher
in the group that had received 100,000 IU with
measles vaccine than in the group that had recei-
ved 25,000 IU. If VAS worked only by preven-
ting vitamin A deficiency this was an implausi-

ble finding. However, if VAS interacted with
vaccines and their non-specific effects, a smaller
dose of vitamin A might be better than a large
dose. Hence, when a national campaign provi-
ding oral polio vaccine (OPV) and VAS to
children aged 6 months-5 years was due in
Guinea-Bissau in November 2002 we rando-
mised children to the WHO-recommended dose
of vitamin A or half that dose. We hypothesised
that the smaller dose would be even more bene-
ficial than the recommended dose. In brief, as
hypothesised we found a tendency for a better
effect of a smaller dose (109). This was due to a
strongly significant beneficial effect in girls. The
beneficial effect of the low dose tended to be
most apparent in girls who had DTP as their
most recent vaccine prior to the campaign. The
finding was in line with the finding from the
WHO multicenter trial — and hence both studies
were incompatible with the “prevention-of-defi-
ciency” hypothesis. The results suggest that VAS
exerts its effects on mortality by other mecha-
nisms than merely prevention and treatment of
vitamin A deficiency.

VAS with BCG at birth In 2002, we initiated a
large randomised trial of VAS given with BCG
vaccine at birth. The trial was born from the
observation that two previous trials of VAS at
birth, both conducted in Asia, had found signifi-
cant beneficial effects on mortality. The trial is
described in more details in the chapter on neo-
natal vitamin A supplementation. In brief, VAS
given with BCG at birth tended to be beneficial



as long as BCG vaccine was the most recent vac-
cine. However, the results suggested that VAS
interacted negatively with subsequent DTP vac-
cine in girls, resulting in increased overall mor-
tality, and increased risk of diarrhoea and meas-
les as well as impaired vitamin A status in girls
(173,179, 205, 209).

VAS with missing vaccines In 2003, Guinea-
Bissau had national immunisation days in
November, providing VAS and missing vaccines
to all children above 6 months of age who came
to the health posts. We registered all participa-
ting children along with their treatment. Hence,
we were able to test the hypothesis that VAS
would be beneficial when given with the live
measles vaccine, but negative when given with
DTP vaccine. This proved to be the case (217).
The effect of VAS differed significantly depen-
ding on the type of vaccine with which it was
given (Figure 1). Receiving VAS with DTP com-
pared with receiving only VAS was associated
with  significantly increased mortality.
Furthermore, receiving VAS with DTP compa-
red with not receiving neither VAS nor DTP
(non-participants) was also associated with sig-
nificantly increased mortality, though non-parti-
cipants in such campaigns normally have higher
mortality than participants. Numbers were small
and it was an observational study. In particular
we cannot exclude that children, who were mis-
sing DTP vaccines, had a higher risk of dying a
priori compared with children who were mis-
sing measles vaccine or who did not miss any

vaccines, though control for background
factors did not change the conclusions.
Nonetheless the results provided sup-
port for our main hypothesis. Combining
VAS with measles vaccine seemed more
beneficial than combining VAS with DTP.
In this study there were no sex differen-
ces, the combination of VAS and DTP
seemed equally bad for boys and girls.

A reanalysis of one of the original VAS
trials The latest opportunity to test our
hypothesis came when we were allowed
to reanalyse data from one of the original
vitamin A trials. The trial, conducted in
rural Ghana from 1989 to 1991, enrolled
6-90-month-old children and randomised them
to VAS or placebo every 4 months for a period of
2 years. The trial was undertaken in the period
when coverage with routine vaccinations was
low and many children had no vaccination card.
In the beginning of the trial vaccination status
was assessed. The original team had not analy-
sed data by vaccination status. The trial had
shown a 19% significant mortality reduction
after VAS. However, when we reanalysed the
data we found that VAS only had a beneficial
effect in children without a vaccination card, the
mortality reduction being significant 36% in
these children, but only a non-significant 5%
reduction in children with a health card. This
differential effect was particularly pronounced
in girls. Among children with a card the effect of
VAS differed significantly in boys and girls. This

91




was due to a significantly negative effect of VAS
in girls who had received 0 to 2 doses of DTP at
enrolment and were likely to receive DTP during
follow-up. The reanalysis supports that VAS
interacts with vaccines and the effect differs bet-
ween the two sexes, in particular that the combi-
nation of VAS and DTP may have negative
effects on girls.

Discussion

The initial formulation of the hypothesis of vita-
min A-vaccine interactions has led to a series of
studies of different designs. We conducted an
observational study during the vitamin A cam-
paign, randomised trials with VAS given with
BCG at birth, and two different doses of VAS,
and we reanalysed data from an old vitamin A
trial from the perspective of vaccination status.

The results did not support the existing inter-
pretation that VAS acts by preventing vitamin A
deficiency, since a smaller dose seemed more
beneficial than a larger dose in girls. The results
on the other hand supported the hypothesis that
VAS and vaccines interact. First, the effect of
VAS given with DTP was different from the
effect of VAS given with measles vaccine, and
children who received VAS with DTP had hig-

her mortality than children who had received
VAS alone or who did not receive anything.
Second, VAS given with BCG at birth interacted
with subsequent DTP vaccines in girls. Third,
the effect of VAS depended on vaccination sta-
tus, being beneficial in boys, but harmful in girls
who received DTP during follow-up.

Public health implications

If VAS and vaccines interact to produce at times
beneficial but at time harmful effects, it would
be of outmost importance for future program-
mes.

Future perspectives

Testing VAS vaccine interactions is particularly
important since the circumstances under which
the original VAS trials were conducted have
changed; vaccination coverage is increasing,
particularly for DTP vaccine, since the national
vaccination programmes are now being evalu-
ated based on the coverage for DTP3. The final
proof of VAS-vaccine interactions would have to
come from randomised trials. Since it is unethi-



Table 1. WHO’s vitamin A policy

Summary table of target groups and potential immunization contact

Target group Immunization contact Vitamin A dose
All mothers, irmaspactive of BCG, QOFY-0 or DTP-1 200 000 I @
their mode of infant feeding. | contact up 1o shx weeks g
up to sb weeks post-partum T
if thay have not received 2
witarin A suppémentation g
afer delivery 8
Infants S-11 months of age | Measies vaccine contact 100 000 BJ g
Children 12 months and older 200 0600 1 5
a

Children 1-4 years old Booster doses” 200 000

Special campaigns®

Delayed primary Immun-

zation doses’

Avaid giving 5 doss 1oo soon after 3 previous. doss of vitsmibn A sapplement
bt choses B 1 month fexcey icnally. the aterval may be rediced incases of clinkeal VALY

the rinrniru e inderval

cal to withhold recommended vaccines, such
trials would have to be designed in special
ways, for instance testing the effect of VAS or
placebo with DTP versus the effect of VAS or
placebo with measles vaccine, or by testing the
effect in situations in which a vaccine is nor-
mally postponed, e.g. testing VAS versus place-

Figure 1.

VAS campaign, Guinea-Bissau 2003
Missing routine vaccines provided at the same time
Children aged 6-17 months

VAS+DTP

~ Non-participants
VAS only

VAS+tMV
[EHIY

VAS+DTP versus VAS only: adjusted MR=3.4 (1.4-8.6)
VAS+DTP versus VAS+MV: P<0.001

bo in low-birth weight children who are rando-
mised to receive the recommended delayed
BCG vaccine versus in children who are rando-
mised to receive an early BCG vaccine.

References on vitamin A supplementation and
vaccines: 26,91,109,121,149,173,179,184,209, 217
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Neonatal vitamin
A supplementation

Background

In 2002, two trials from Asia had both found a
significantly beneficial effect of VAS at birth. We
hypothesised that VAS interacted with routine
childhood vaccinations, being beneficial when
given with the live BCG vaccine at birth or live
measles vaccine at 6-9 months of age, but not
when given with inactivated diphtheria-tetanus-
pertussis vaccine (DTP) at 1-5 months of age
(26). We aimed to investigate the effect of high-
dose VAS given with BCG vaccine at birth in an
African setting with high infant mortality. Since
BCG vaccine is postponed for LBW infants
weighing below 2500 g, we only enrolled infants
weighing > 2500 g. The primary study hypothe-
sis was that VAS would be associated with at
least a 30% reduction in mortality during the
first year of life. We expected the effect to be
most pronounced within the first 4 months of
life like it had been in the two previous trials.

Furthermore, evidence for sex-differential effects
of VAS accumulating during the trial made us
hypothesise that VAS would be particularly
beneficial for boys.

Results

VAS, BCG, and overall mortality. Unexpectedly
we found no overall effect of VAS on overall
mortality (209) (Figure 1). The effect, however,
was not the same in boys and girls (Figure 2).
Boys if anything tended to have a beneficial
effect of vitamin A throughout the first year of
life. In girls the effect became negative after the
first months of life (209). The finding made us
speculate that perhaps vitamin A given with
BCG at birth had interacted negatively with sub-
sequent DTP vaccines in girls. A post hoc analy-
sis revealed that indeed there was a tendency for
a beneficial effect of VAS as long as BCG vaccine



was the last vaccine to be received, but once
DTP vaccine was received there was a signifi-
cantly negative effect of having received VAS at
birth in girls.

VAS, BCG, and morbidity. Within the trial we
conducted a subgroup study of the effect on
rotavirus infection and diarrhoea of VAS with
BCG at birth (205). Unexpectedly we also expe-
rienced a measles epidemic which gave us the
chance to study the effect on measles incidence.
Receiving VAS at birth was associated with an
increased risk of rotavirus infection and rota-
virus diarrhoea below 6 months of age in both
sexes (205)(Chapter 3). There was no effect in
older children. At the same time VAS at birth
was associated with a decreased risk of non-
rotavirus diarrhoea in boys below 6 months of
age, but an increased risk in girls 6 months or
older. Significant sex-differential effects, with a
tendency for a negative effect on girls of vitamin
A at birth, were also seen for measles infection.
Hence, the morbidity findings supported the
existence of sex-differential effects of VAS at
birth. Furthermore, the diarrhoea subgroup
study was conducted among 1-8- month-old
children who almost exclusively had DTP vac-
cine as their most recent vaccine during the
study period, and the negative effect of VAS on
measles infection was seen among girls who had
received DTP but not measles vaccine. Hence,

the finding also supported the hypothesis that
the negative effect on girls could be due to a
negative interaction between VAS and subse-
quent DTP vaccination in girls.

VAS, BCG, and vitamin A status. As a part of
the trial we studied the effect of VAS on vitamin
A status at 6 weeks of age and 4 months of age
(179). Overall vitamin A status improved during
this period. However, there was a significant
inverse relationship between increase in vitamin
A status and number of DTP vaccinations recei-
ved in girls, which was particularly evident
among VAS recipients. The finding underscored
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the possibility of a negative interaction between
VAS and subsequent DTP vaccinations in girls.
Discussion. Five trials of neonatal VAS have
now been published. Three trials from South
Asia showed beneficial effects on mortality of
neonatal VAS. Two trials from Africa found no
overall beneficial effect, the estimates going in
the other direction. Differences in vitamin A sta-
tus do not seem to explain the divergent results.
We have proposed that the divergent results
may be explained by differences in vaccination
intensity in the five trials (210). In our trial from
Guinea-Bissau, all children received BCG at the
same time as VAS or placebo (209). Having
received VAS tended to be beneficial as long as
BCG was the last vaccine to be received.
However, once children received DTP vaccine,
mortality in girls who had received VAS at birth
was significantly 2-fold higher compared with
girls who had received placebo at birth. Hence,
in our experience neonatal VAS has a beneficial
effect as long as BCG is the last vaccine but may
have a negative effect on girls once they receive
DTP. As a consequence the survival curves of
vitamin A and placebo recipients should cross
over once they start receiving DTP around two
months of age if the coverage for DTP is high.
This pattern is seen both in Guinea-Bissau and
in the other African trial from Zimbabwe.

Such vitamin A-vaccine interactions could help
explain the variation in trial results. Vaccination

intensity was high in Guinea-Bissau and pro-
bably also in Zimbabwe as judged by national
coverage data. This was not the case in the trials
from Asia. Furthermore, all the Asian studies
were characterised by a high neonatal mortality,
but low mortality in the months in which a
negative interaction between vitamin A at birth
and DTP vaccine would matter. Hence, existing
data are compatible with the hypothesis that
early DTP vaccination might interfere with the
beneficial effect of neonatal VAS in girls.

Public health implications

A heated debate regarding a global or regional
recommendation of neonatal VAS is ongoing
(210, 215). A policy of providing VAS in South
Asia has many advocates. If our hypothesis is
correct and neonatal VAS is made a general
policy in South Asia, the intervention may cease
to be beneficial or even become detrimental as
the DTP coverage increases and more children
are vaccinated early in life, especially in popula-
tions in which mortality is not limited to the first
months of life. However, there will be no way of
knowing because it is considered unethical to
conduct further trials once an intervention has
become policy.

It will be up to the WHO to weigh the evidence
for and against a neonatal VAS policy in South



Asia. So far there is limited scientific evidence
for the interpretation that neonatal VAS is most
beneficial in areas with highest degree of VAD
and baseline mortality. We need better explana-
tions for the contradictory results before we
make subgroup policies.

References on vitamin A supplementation at
birth: 26,140,173,174,179,184,205,209,210,215
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Redosing with vitamin A

Background

Vitamin A supplementation (VAS) continues to
be one of the most important health interventi-
ons for children in low-income countries. WHO
recommends supplementing children between 6
months and 5 years of age with 4 to 6-month-
intervals. While studying the hypothesis that
VAS and vaccines interact, we made observati-
ons which suggest that the effect of VAS may
depend on prior dosing.

Results

Half versus recommended dose of VAS.

In recent years, children aged 6 months to 5
years have received VAS during annual cam-
paigns in Guinea-Bissau. In 2002 and 2004 VAS
was provided together with oral polio vaccine
(OPV) at National Immunisation Days (NIDs).
We studied the effect of different doses of VAS

on overall mortality. Children in the study area
were randomized to receive the dose recommen-
ded by WHO or half this dose together with
OPV and followed for mortality.

In the study from 2002 we found a significant
beneficial effect of the lower dose compared
with the WHO-recommended dose in girls (109).
After 6 months of follow-up the mortality rate
ratio (MRR) was 0.19 (0.06-0.66). However, this
was not the case for boys. Overall mortality was
lower among trial participants than among non-
participants, and there was no indication that
the high dose was associated with increased
mortality; a smaller dose just seemed even more
beneficial in girls.

Repeating the study in 2004 did not confirm
these results. After 6 months and 12 months of
follow-up there was no difference between the
doses for either boys or girls. However, exclu-
ding the children who had previously received



VAS, the analysis produced results similar to the
2002 results (Table). Since NIDs with VAS were
introduced in 2001, and maybe more impor-
tantly no children had received VAS at birth at
that time, the children from the 2002 study were
less likely to have received VAS previously than
the children from the 2004 study. Hence, a pos-
sible beneficial effect of having received a pri-
ming dose of VAS on the subsequent response to
a high dose of VAS would be less pronounced.
This observation made us speculate that prior
dosing with VAS may influence the effect of
subsequent doses.

VAS or placebo at birth, followed by VAS at 12
months of age.

In the group of children participating in the ran-
domised study of VAS with BCG at birth we
intended to provide 100,000 IU of vitamin A
(FU-VAS) to all children when they reached 12
months of age, irrespective of previous allocati-
on. The effect of VAS at birth had not been bene-
ficial during the first year of life (Chapter 26).
However, among children who received FU-VAS
after 12 months of age, it was strongly beneficial
in the second and third year of life to have recei-
ved VAS at birth compared with placebo at
birth, the mortality rate ratio (MRR) being 0.53
(0.30-0.91). This difference was confined to girls
who had a significant difference in mortality
rate between 12 and 36 months of age depen-
ding on the randomisation group at birth
(p=0.03) whereas there were no differences for
boys (Figure).

b A

Discussion.

The two studies differed considerably in design.
However, they both indicate that VAS may have
a priming effect on the effect of subsequent VAS
on mortality, in particular for girls.

Public health implications

If VAS has a priming effect on the effect of sub-
sequent VAS, implementing a policy may not
achieve the full benefit in the short term and
may depend on prior policies. The sex differen-
ces suggest that the overall impact of VAS could
be optimized by having different recommenda-
tions for boys and girls.
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Future perspectives

The current vitamin A policy makes it difficult
to study the effect of re-dosing with VAS in ran-
domised trials since depriving some children of
a potentially beneficial vitamin A supplement
would not be considered ethical. However,
though we cannot conduct randomised trials,
we can continue to pursue the observations
using data from already conducted studies to
evaluate the effect of repeated doses. The aim is
to find the most beneficial dosing regime which
will optimise the effect of VAS on overall morta-
lity for both boys and girls.

References: 109, 209

Boys

Girls

Vitamin A

Placebo

Vitamin A

Placebo

0.04
!

0.03
!

0.02
!

0.01
!

0.00
!

0.03

0.02

0.01

0.00

T T
1 1.5 2
Age / Years

T T
1 1.5 2
Age / Years

Figure. Effect of VAS / Placebo at birth on mortality after recep-
tion of FU-VAS

Mortality rate ratios (95% CI) for a low versus a high dose

Trial year Boys

2002 .98 (0.74-5.29)

Girls

0.19 (0.06-0.66)

All

0.69 (0.36-1.35)

2004 091 (0.26-3.13)

.41 (0.57-3.45)

.20 (0.58-2.47)

2004:No previous VAS 0.48 (0.09-2.63)

0.72 (0.23-2.26)

0.6 (0.24-1.58)

2004:Previous VAS 2.55 (0.27-25)

6.28 (0.77-51)

4.46 (0.97-20)

Table. The effect on mortality of receiving a low dose of vitamin A
versus the WHO recommended dose



Immunological studies:
Vitamin A and non-specific
effects of vaccines

Background

A number of immunological studies have been
initiated in order to address the mechanisms
behind the findings of non-specific effects of
vaccines and potential interactions with vitamin
A supplementation (VAS). Some have focused
on exploiting the often unique possibilities lying
within the framework of the randomised studies
conducted in Guinea-Bissau. Other studies have
looked toward simplified systems such as den-
dritic cell cultures or animal studies. As we are
able to measure an exponentially increasing
number of immunological markers it is impor-
tant not only to explore the effects of VAS and
vaccines on various immunological markers,
but also to establish the associations between
such markers and subsequent mortality and
morbidity. Hence, the work can be divided into
two parts; first, to identify immunological mar-
kers, which are affected by VAS and vaccines,

second, to establish a correlation between immu-
nological markers and mortality and morbidity.

Results

Exploring the immunological effects of VAS
and vaccines

Human studies: Whole blood stimulations.

A methodological mainstay of the immunological
approaches performed at the National Laboratory
in Guinea-Bissau is ex vivo whole blood stimula-
tions. The assay is designed to test different parts
of the cellular immune system lending informa-
tion of both innate and adaptive immune func-
tions (Table 1). Currently the whole blood assay is
used in the evaluation of the immunological
effects of the following interventions: VAS and
BCG at birth, early measles vaccine, VAS in com-
bination with measles or DTP vaccinations, DTP
booster vaccination, and OPV at birth
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The cytokine response to the stimulations is
measured by means of Luminex technique. The
method allows simultaneous quantification of
numerous cytokines on a very small volume of
sample material. This is a major advantage
when working with small children as a large
volume of blood is neither available nor desi-
rable.
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Faced with the challenges of perfor-
ming immunological studies in
Guinea-Bissau we have first-hand
experienced the value of critically
reviewing the methods applied. In a
study of the immunological effects of
early measles vaccination, the goal
was to obtain venous samples at 4.5
months of age and 6 weeks later. At
the time of sampling this was, howe-
ver, only possible for about half of the
children. In the remaining children
capillary blood samples were obtained
instead. We tested if method of samp-
ling influenced the cytokine levels.
This turned out to be the case. The
venous blood samples displayed
lower production of TNF-a and
Interleukin (IL)-10 than those obtained
through capillary blood sampling
(176).

The background for BHP’s work on the immu-
nology of VAS is the hypothesis that VAS has
direct effects on the immune system and that it
amplifies the non-specific effects of vaccines
with which VAS is given (22). As a consequence

sex is taken into consideration in all analyses.
An example of this is a study investigating the
effect of VAS on the immune response to BCG
vaccine when given simultaneously at birth. In
the study approximately 2700 infants receiving
BCG were randomised to either VAS or placebo.
Skin reactions to PPD (purified protein deriva-
tive of M. Tuberculosis) were evaluated at 2 and
6 months of age. At 2 months of age the propor-
tion of responders was lower among boys who
received VAS than among boys in the placebo
group. Capillary blood samples were collected
from a subgroup of infants at 6 weeks of age.
These samples were utilized to quantify the ex
vivo response to PPD by means of whole blood
stimulations. With regards to interferon-y, a key
marker of cellular immune response to TB, more
boys who had received VAS were responsive
than in the placebo group. No effect of VAS was
seen among girls in either of the tests (184).

Dendritic cells cultures.

Dendritic cell cultures have been used to exa-
mine the immunological effects of BCG vaccine.
Artificially matured dendritic cells were co-cul-
tured in the presence of live BCG and their sub-
sequent ability to stimulate naive T cell develop-
ment was measured. No Th1 or Th2 polarisation
was observed but the BCG co-culture led to an
increase in IL-10 producing dendritic cells which
again primed naive T cells to develop into IL-10
producing T cells (Figure). This cell-type is asso-
ciated with the down-regulation of immune
responses. The results suggest that BCG vacci-
nation might result in the development of IL-10
producing dendritic cells as well as IL-10 produ-



cing T-cells that could contribute to restricting
overt inflammation in infants exposed to patho-
gens and thus lead to lower infant mortality
(163).

Animal models.

Animal models are well-suited to explore VAS/
vaccine-interactions, in particular VAS/DTP int-
eractions, which may be harmful for girls and
unethical to conduct in humans. In a collabora-
tive pilot study with a group at Stanford
University, we investigated the effects of combi-
ned VAS/DTP-treatment on the outcome of
influenza infection in mice. The study was not
conclusive but produced interesting results
which compelled us to go forward with another
experimental model of infection. The model
chosen was a well-established murine model of
cerebral malaria and the studies were perfor-
med in collaboration with Department of Clinical
Microbiology, University of Copenhagen. We
found no effects on the main outcome, develop-
ment of cerebral malaria, but repeated experi-
ments showed that mice receiving the combina-
tion of VAS and DTP had higher levels of para-
sites in the blood.

Searching for immunological markers
of mortality and morbidity

Several immunological markers of subsequent
mortality and morbidity have been established.
Thymus size, having a BCG scar and a positive
delayed type hypersensitivity response to PPD
have previously been identified as markers of

better survival, and this association was verified
in recent studies (133,211). We aim to pool the
data from the whole blood stimulation studies
and link them to survival to identify cytokine
markers of mortality or better survival as well.

Future perspectives

The addition of immunological studies has the
potential to substantiate some of the controver-
sial findings by offering biologically plausible
explanations. The studies have to a large extent
been possible due to collaborations with other
research groups, and we will continue to initiate
and explore these possibilities through future
studies. An example of this is within the field of
lymphocyte homing. Dendritic cells from the
intestinal mucosa have the ability to “instruct”
lymphocytes to preferentially migrate to the gut.
It appears that retinoic acid, a vitamin A meta-
bolite produced by these dendritic cells, acts as
the signal that induces the observed gut-specifi-
city/preference. We are currently addressing
this topic in collaboration with researchers at
Lund University. This study will hopefully fill a
current gap between in vitro and animal studies
and the situation of children in Guinea-Bissau
receiving VAS.

The magnitude and nature of data “produced”
by modern immunological techniques when
applied to large populations in immuno-epide-
miological studies pose a number of analytical
challenges. Repeated measurements of the same
individual are performed and multiple parame-
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EXperimenis

Stimulant Function tested

LPS General recognition of gram-negative bacteria (innate — TLR4)

Pam3-cys General recognition of gram-positive bacteria (innate — TLR2)

Poly I:C General recognition of virus (innate — TLR3)

PHA Unspecific T-cell activation

TT Recall of tetanus toxoid part of DTP vaccine (adaptive)

Recall of BCG vaccine given at birth (adaptive)

Recall of polio vaccine (adaptive)

Table. Stimulants used in ex vivo whole blood stimulations
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Re-introducing

sex-differential

treatment of children

Though it is well-accepted that boys and girls
have different susceptibility to diseases in child-
hood there has been very little interest in inve-
stigating whether boys and girls benefit from
the same health interventions. Gender has been
an issue when it came to ensuring that boys did
not receive preferential treatment, i.e. boys and
girls should receive the same health intervention
at the same time. It has not been considered that
we may in fact be treating boys and girls diffe-
rently giving them different survival probabili-
ties, when we offer them the same health inter-
vention at the same time.

We have consistently found that the major inter-
ventions to reduce morbidity and mortality in
low-income countries have sex-differential
effects. BCG and measles vaccine reduce overall
mortality, and this is most pronounced in girls.
DTP is associated with increased female morta-
lity compared with male mortality (Figure).

OPV at birth may be associated with increased
male mortality. Vitamin A supplementation
(VAS) benefits boys more than girls.

In high-income countries there is an enormous
focus on individualised prevention and treat-
ment, including the prospect to target the inter-
vention towards subgroups with different gene-
tic profiles based on rapid genetic tests. It will
take many years before that kind of genetic
screening will be feasible in low-income coun-
tries. However, there is one genetic test which
can be done without any remedies and at no
cost: to determine the sex of a child. Based on
our research, sex may be a very good determi-
nant of the optimal health intervention pro-
gramme.

In 10 years’ time, we expect these ideas to be
more generally accepted and many will be
working to develop policies optimised for both
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boys and girls. We have started gradually to benefit from a sex-differential treatment and the
examine whether major interventions should potential sex-differential effect of administering
differ for boys and girls. Thus, we are testing VAS with routine vaccinations as recommended
whether MV given at 4% months of age may by WHO.

reduce the negative effect of DTP for girls and

whether girls might benefit from not receiving a References on sex-differential treatment:
booster dose of DTP but only OPV. We are also 139,140,177

testing whether low- birth-weight infants may

Female-male mortality ratios

. .
Measles-vaccinated DTP-vaccinated
SUDAN -
GB | _ GB 4 e
GB 4 GB R S
SENEGAL | - GB - [ S
HAITI SENEGAL [ T—
GB 4 SENEGAL - ——
SENEGAL - SENEGAL i
SENEGAL —— GHANA | B
GB 4 R S T GB - —
GB [ GAMBIA -~ S
GAMBIA | _— GB
GHANA - [ SENEGAL [ ——
SENEGAL | . GB 4 '
SENEGAL | B GB 4
GB [ S GB
. . . MALAWI - - MALAWI 5
Figure. Female-male mortality rate ratios 6B+ SEN | GB -
among measles and DTP vaccinated i
children in all available studies T T IR A — T T b5 ] 5 5 45 0
A 2 2 o Female-male mortality Ratio

" Female-male mortality Ratio

106



Maternal mortality:
reducing severe postpartum

haemorrhage

Background

Previous cohort studies conducted by the mobi-
le team of Bandim health Project (BHP) revealed
a maternal mortality ratio of 822 per 100,000 live
births. The most important cause of maternal
death was postpartum haemorrhage (PPH). The
primary cause of PPH is generally known to be
uterine atony accounting for 70 percent of
cases.

Several drugs are known to reduce PPH by faci-
litating contractions of the uterus. Ergot deriva-
tives, oxytocin and injectable prostaglandins are
standard treatment for the condition in all well
equipped delivery units all over the world.
However, these drugs require cool storage to
remain effective. Moreover, most uterotonics
must be administered as injections, which
requires sterile utensils and training in safe
administration, prerequisites unavailable for

most women delivering in low-income coun-
tries.

Misoprostol, a prostaglandin E1 analogous, is
heat stable and can be administered orally, rec-
tally or sublingually. A WHO-sponsored multi-
centre study have found misoprostol to be less
effective for prophylaxis than injections of 10 IU
i.v./im. oxytocin, but failed to address the pos-
sible benefit of misoprostol to the large number
of women who give birth outside a health faci-
lity with refrigerators.

All previous randomised studies of misoprostol
for prevention of PPH have examined the oral
and rectal route of administration. As pharma-
cokinetic studies have indicated that the sublin-
gual route of administration secures the highest
peak concentration and the best bioavailability
we planned to test if routine administration of
sublingual misoprostol could reduce the inci-
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dence of PPH in a resource-poor, primary health
care setting. For this purpose we randomised
661 women, who gave birth at Bandim Health
Centre between March 2003 and August 2004, to
prophylaxis with sublingual misoprostol 600ug
(N=330) or placebo (N=331).

Results

Using a more accurate method of measuring
quantities of blood lost after delivery, a blood
loss of more than 1000 ml was found in 17% of
women in the placebo group, but only in 11% in
the misoprostol group (relative risk (RR) = 0.66
(0.45 to 0.98)). Severe PPH of more than 1500 ml
was found in 8% of control women, but only in
2% of misoprostol receivers (RR=0.28 (0.12 to
0.64)).The mean blood loss was significantly
lower in the misoprostol group (555 ml (stan-
dard deviation(SD): 355 ml)) compared with the
control group (655 ml (SD: 523 ml)) (P<0.01).
Significantly more women in the misoprostol
group experienced shivering and pyrexia, but
the discomfort eased off a few hours after inge-
stion.

Public health implications

In Bandim 31% of pregnant women were found
anaemic, making them vulnerable to the blood
loss occurring during a delivery. Maternal mor-
tality is found to be 4-fold higher in severely
anaemic women compared with non-anaemic
controls. In rural Guinea-Bissau, 75 % of women
give birth at home and worldwide only about 50
% give birth in health facilities. Therefore, strate-
gies must be identified to increase safety of deli-
veries not attended by skilled birth attendants.

According to our studies it might be safe and
useful to distribute misoprostol among traditio-
nal birth attendants, to teach safe use of the drug



and other forms of prevention of PPH and to
raise awareness of potential complications
among the pregnant women. The mothers and
their helpers should be informed that shivering
and mild fever can be expected and continuous
bleeding after misoprostol and uterine massage
requires prompt attendance by the health care
system.

Future perspectives

Worldwide there is at strong need to investigate
simple measures, which can be applied univer-
sally at a community level to reduce the burden
of postpartum haemorrhage. It is well docu-

Table 1. Blood loss and change in haemoglobin

Measured blood loss (median [IQR])

No of pt. with Blood loss > 500 ml (n [%])
No of pt. with Blood loss > 1000 ml (n [%])
No of pt. with Blood loss > 1500 ml (n [%])
Haemoglobin decrease (median [IQR])

No of pt. with 10% fall in hgb level (n [%])

mented that active management of the third
stage of labor (administration of an uterotonic
agent, early cord clamping and uterine massage)
reduces blood loss after delivery, but it is still
unclear how these components interact and if
misoprostol could substitute oxytocin or mether-
gin in the active management strategy. There is
also little empirical research to evaluate the
effectiveness of continued uterine massage. BHP
holds a unique position to study the use of miso-
prostol and other simple and inexpensive proce-
dures outside tertiary health facilities.

References on maternal mortality and postpar-
tum haemorrhage: 35,39,114,137

Control
n=331

Misoprostol
n=330

475ml [319-736] 512ml [315-774]

RR
(95% CI)

P =0.15%

150 [45%] 170 [51%] 0.89 (0.76-1.04)

37 [11%] 56 [17%] 0.66 (0.45-0.98)

7 [2%] 25 [8%] 0.28 (0.12-0.64)
0.2mmol/l [-0.3-0.9] 0.4mmol/l [-0.2-1.1] P = 0.08*

105 [32%] 115 [35%] 0.92 (0.74-1.14)

*Wilcoxon rank-sum test
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Low birth weight delivery and
maternal mortality

Background

Maternal mortality (MM) is a leading cause of
death among women of reproductive age and a
burden on health systems in the low-income
countries. However, the knowledge on how to
prevent MM is limited. Many of the most
affected countries do not have good health stati-
stics and few risk factors have been identified.
We studied the association between giving birth
to a low-birth-weight (LBW) infant and mater-
nal mortality.

Results

A total of 5230 mothers giving birth at the
National Hospital of Guinea-Bissau and whose
children participated in a randomised trial were
followed for mortality during the first 90 days
after delivery. Mortality from delivery to 90

days postpartum was higher among mothers of
LBW infants compared with mothers of normal-
birth-weight infants (NBW), the adjusted morta-
lity rate ratio being 12.7 (3.6-44). The disparity
between mothers of LBW and mothers of NBW
infants was particularly apparent after the first
week postpartum. Mothers of LBW infants con-
tinued to have a high mortality rate during the
90 days (Figure).

Public heath implications and future
perspectives

In low-income countries the burden of MM is
high and consequences are widespread for fami-
lies and the society. It is well-known that mother-
less children have a significantly higher morta-
lity, hence preventing a maternal death often
also implies saving her offspring’s life. To single
out the mothers at highest risk would help con-



centrate the sparse resources on those most in
need. Experiences from other countries support
the belief that the high incidence of MM can be
reversed with concerted efforts. Methods to
define risk groups must be uncomplicated, not
using any advanced equipment, to be functional
in low-income countries. Based on our results,
the distinction between mothers of LBW infants

and mothers of NBW infants is an important
contribution to the understanding of MM. An
LBW delivery is a serious symptom that should
lead to increased awareness and to programmes
for monitoring and improving the health of
mothers who deliver an LBW infant.

1

Cumulative Mortalitg o

Kaplain-Meier: Cumulative maternal mortality

Figure. Cumulative mortality among
mothers of LBW infants and mothers
of NBW infants
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Retroviral epidemics in

Guinea-Bissau:

HIV-1, HIV-2, and HTLV

Background

Studies of HIV in Guinea-Bissau began in 1987
estimating an HIV-2 prevalence of 9% in adults
above 14 years in urban Bissau. No HIV-1 infec-
tion was found at that time. The first case of
HIV-1 infection was identified in 1989, when
one case of dual infection of HIV-1+HIV-2 was
detected.

Over the last 20 years the two viruses have
shown a different pattern of spread in the coun-
try; the prevalence of HIV-2 seems to be stabi-
lising or decreasing, while HIV-1 prevalence has
been increasing gradually [208]. In contrast to
neighbouring countries, Senegal and Guinea-
Conakry, with a low HIV-1 prevalence (<1 and
1.5%, respectively), Guinea-Bissau has a preva-
lence comparable to the levels of the most
affected countries in the sub-region (Cote d'Ivoi-
re, Nigeria and Mali) with an HIV-1 prevalence
higher than 4%.

Results

Two long-term epidemiological studies of retro-
virus infections have been conducted in Guinea-
Bissau since the late 1980s and a new study with
a clinical approach was initiated in 2007.

Serological surveys of HIV infection in the
urban study area of BHP.

Three adjacent urban districts in the capital,
Bandim 1, Bandim 2 and Belém, have been fol-
lowed with epidemiological sero-surveys of
HIV infection since 1987. The cohort comprises
individuals over 15 years of age living in rand-
omly selected houses in these three districts.
Children were included in the first survey in
1987, but due to the very low prevalence it was
decided to restrict the following sero-surveys to
adults. Over the years, the same methodology
has been maintained, covering a 10% sample of
houses in the three districts. The number of



houses included in the study has therefore been
gradually enlarged from 100 to 399 with 2548
participants tested in the last sero-survey in
2006 [208].

HIV-1. The overall prevalence of HIV-1 in this
population has increased from 2.3% (54/2301) in
1996 to 4.6% (118/2548) in 2006 (Table 1). Single
HIV-1 infections increased three-fold, whereas
the prevalence of dual infections declined (pre-
valence ratio 0.46 (0.23-0.93)).

HIV-2 infection has shown the opposite trend.
The overall HIV-2 prevalence among adults has
declined from 8.9% in 1987 to 7.4% in 1996 and
4.4% in 2006 (Table 2). The prevalence is decli-
ning in both sexes whereas this decline was ini-
tially only in men. The HIV-2 incidence rate
between 1996 and 2006 was half the incidence in
the preceding 10-year period. Hence, the decre-
ase in the HIV-2 risk is genuine and not due
merely to mortality or migration from a pre-
viously established cohort. Nevertheless, it
should be noted that the prevalence of HIV-2 is
not declining among older people. This may
indicate a cohort effect, previously infected
young adults coming of age due to the longer
survival of HIV-2-infected individuals. However,
older women continue to become infected.
Hence, HIV-2 may continue as an independent
infection among the oldest for some time, espe-
cially in women. An increased susceptibility to
HIV and human T cell lymphotropic virus
(HTLV) infections in older women possibly due
to changes in vaginal mucosal immunity has

previously been suggested to be the cause of this
pattern.

HTLV. Like HIV-2, HTLV has also declined. The
prevalence of HTLV was 3,6% in 1996, 2.2% for
men and 4.6% for women. In the latest sero-
survey, the prevalence had declined to 2.3%,
1.5% for men and 2.9% for women.

Since HIV-1 is increasing, the declines in HIV-2
and HTLV are unlikely to be due to the introdu-
ction of safe sexual practices. It seems more
likely that they are both relatively inefficient
sexually transmitted infections. They may both
have been dependent on blood transfusions to
maintain the previous high levels found around
1990. Once transfusions became controlled for
HIV infection they would both have declined as
the two infections were often linked.

Sero-surveys in a rural population. Sero-surveys
among adults were also performed in 1989,
1996-1998 and in 2006 in a rural community in
Caio, in the northwestern part of Guinea-Bissau
by the Medical Research Council (The Gambia)
in collaboration with BHP. These surveys indi-
cate that the HIV-2 prevalence had remained
stable at around 7.8%, whilst the HIV-1 preva-
lence has increased (2.7%). Studies from both
Bissau and Caio have found an association bet-
ween having a vaccinia scar and being HIV-2
infected, suggesting that HIV-2 may have been
spread initially with the smallpox vaccination
eradication campaigns conducted in the 1960s
[135,151].
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The West African Retrovirus and Acquired
Immune Deficiency cohort study (The WARAID
cohort study). In 2007 the PSB started a new
project to create a clinical database and a plas-
ma/blood repository biobank with HIV-infected
individuals from Bissau and with an extensive
follow-up in all patients living in the BHP study
Area. This study is used for gaining insights in
the overall effect of introducing ART in a treat-
ment naive population. The main objectives are
to focus on the host/viral determinants of fai-
lure of first line ARV treatment in this unique
population with concomitant infections of 3
retroviruses (HIV-1, HIV-2 & HTLV) and to
study the effect of multiple infections on immu-
ne response and ART outcome. PSB has establis-
hed close relationships with the National HIV
Programme helping to develop new forms for
the HIV care, the national codification system
for the patients and opening the HIV clinic at
the National Simao Mendes Hospital. This clinic
has become the major HIV centre in the country
following around 1000 patients and the training
centre for doctors and nurses willing to work
with HIV in their country.

Since May 2008 the PSB is supporting the
National HIV Programme in implementing a
mother-to-child transmission (MTCT) preventi-

on strategy at the maternity of the Simao Mendes
Hospital. HIV testing and counseling is offered
to all the women giving birth in the facility. This
is an important entry-point for women to inter-
ventions to prevent MTCT, including ARV prop-
hylaxis for the infant, and other HIV-related
treatment and care services. The follow-up of
the HIV-exposed children is carried out in col-
laboration with the NGO Ceu e Terras in
Bissau.

Other studies. In 2007 the PSB carried out a pre-
valence study of sexual transmitted infections in
190 commercial sex workers in five regions of
the country; 20% were HIV-1 infected and 7%
had only HIV-2. Bissau was the region with the
highest HIV prevalence (67%) among these
women.

Public health implications and future
perspectives

Since the beginning of the epidemic, the BHP
has been actively involved in understanding the
epidemics of retroviruses. The studies have
generated valuable information for the National
HIV Programme in order to plan public heath
interventions. The HIV epidemic in Guinea-



Bissau is still evolving and further studies are
needed to monitor the trends in these infec-
tions.

Given that antiretroviral treatment (ART) has
recently been implemented in the country moni-
toring the clinical response to the treatment and
the viral resistance patterns is essential. These
studies will contribute to develop appropriate
guidelines for implementing ART regimens in
populations where HIV-2 is endemic or when
multiple infections with retroviruses are com-
mon. It will also be a challenge to develop col-
laboration between the national programmes so
that patients benefit from both HIV and TB tre-
atment. In the future BHP may also get involved
in testing new vaccines against both infections.

References on retrovirus infections: 4,19, 23, 38,
56, 100, 101,135,151,182,183,191,208,212

Table 1. HIV-1 prevalence in 1996 and 2006 with dual infections

included in the Bissau urban community study (208)

1996

Sex
%

2006

%

2006 vs 1996
Risk ratio (95% CI)

Men 2.1 3.6 1.7 (1.0-2.8)
Women 2.5 5.3 2.1 (1.4-3.2)
Overall 2.3 4.6 1.9 (1.4-2.6)
Single HIV-I 1.4 4.2 2.9 (1.9-4.3)
Dual infection 0.9 0.5 0.5 (0.2-0.9)

Table 2. HIV-2 prevalence in 1996 and 2006 with dual infection

included in the Bissau urban community study (208)

o 1996 2006 2006 vs 1996

% % Risk ratio (95% CI)
Men 5.4 2.7 0.5 (0.3-0.8)
Women 9.0 5.5 0.6 (0.5-0.8)
Overall 74 4.4 0.6 (0.5-0.7)
Single HIV-2 6.4 3.9 0.6 (0.5-0.8)
Dual infection 0.9 0.5 0.5 (0.2-0.9)
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HIV-1, HIV-2, AND HTLV-I:
DUAL INFECTIONS

Background

The three human retroviruses, HIV-1, HIV-2,
and HTLV-I circulate in the general populations
both in urban and rural areas of Guinea-Bissau.
While HIV-1 is responsible for the global HIV
pandemic, HIV-2 is limited in its spread and
mainly confined to West Africa. Guinea-Bissau
has constituted the epidemiological focus of
HIV-2, with the world’s highest prevalence.
HTLV-1 is also highly prevalent in the area. The
major form of transmission for all three viruses
in Guinea-Bissau is by heterosexual contacts.
Hence different combinations of dual and even
triple infections with these viruses occur. In 1989
the first dual HIV-1/HIV-2 infection was identi-
fied (0.2%) (Table 1). In the 1996 screening, the
prevalence of dual HIV-1/HIV-2 infections had
increased to 1.0% (N=22/2301). In Caio, a rural
area of the country, the prevalence of dual
HIV-2/HTLV-I infection was 1.0%, the great
majority of them being in women.

Both HIV and HTLV-I replicate through reverse
transcription and both viruses infect CD4+
T-cells with different pathogenic outcome. HIV-2
is more closely related by nucleotide sequence
to simian immunodeficiency virus of sooty
mangabey origin (SIVsm) than to HIV-1. The
time to onset of symptomatic HIV-2 infection is
estimated to be at least 10 years longer than for
HIV-1 infection, and HIV-2 is less transmissible.
This lower pathogenic feature of HIV-2 makes it
a suitable model for comparative studies of
HIV-1 pathogenesis. In contrast, 95% of infected
individuals remain asymptomatic carriers of
HTLV-L

Results

Dual infections and the epidemiological features
In 1998-2000 a screening of HIV and HTLV-I in
adults above 35 years of age was performed in
Bandim (4). One of the main objectives with the



study was to examine the epidemiological dyna- Table I. Prevalence (%) of dual retroviral infections 1987-2006
mics of retroviral infections around 45 years of

age, since previous studies from the area had Year of HIV-1/HIV-2 HIV-A2HTLV-l HIV-I/HTLV
demonstrated an increased prevalence of retro- screening . . . ’ . ’
viral infections particularly in women above 45

years. The prevalence of dual HIV-1/HIV-2 was 1987 0 - = >15 years of age
0.6%. For dual HIV-1/HTLV-I it was 0.2% and

for HIV-2/HTLV-T it was 2.2%. The evolution of 1789 02 215 years of age
the prevalence of various combinations of dual 19907 % 23 0 >50 years of age
infections is shown in Table 1. The observed

prevalence of dual infections was generally hig- 1992 0.6 >15 years of age
her than expected in women, while this pattern

was not observed for men. Adjusting for age 1996 1.0 1.0 0.1 >15 years of age
group, th'e female-to-male odc.ls rjatlo (QR) for 1998 06 29 02 SEB v e
any combination of dual retroviral infection was

7.8 (3.1-19.9). 2006 0.5 0.4 0.2 >15 years of age
This pattern could not be explained by beha- * Not examined

vioural factors so we proceeded with mortality

analyses to assess whether differential HIV and Table 1. Prevalence (%) of dual retroviral infections 1987-2006

HTLV associated mortality could explain the
differences in dual infections for men and MRR* (95% CI)
women. However, the higher prevalence of dual

retroviral infections in women could not be HIV-1 498 (2.3,10.4)
explained by sex-differential mortality patterns.

The objective was also to assess the mortality vz .88 (l5:2.))

patfferns 9f Vari01‘15 co.mbinations of dual ?etrovi— HIV-1/2 dual 5.98 (2.4, 14.3)
ral infections as little is known on the subject. As

observed in previous studies, HIV-1- associated HTLV-I all | .7H# (1.1,2.7)
mortality was higher than HIV-2 associated

mortality (Table 2). The mortality rate ratio HTLV I positive/ HIV- negative 23%(1.3,38)
(MRR) for HIV-1/HIV-2 dual infections was 5.9 ] i Py

(95%CI 2.4, 14.3), resembling the MRR found for STLAHAIYZ duel Intatians 1.7 5(0.7,4.3)

HIV-1. No significant differences were found in
mortality between HIV-2 single, HTLV-1 single
and HIV-2/HTLV-1 dual infections (191).

* MRR= Mortality rate ratio; § Comparing with HIV-negative; # Comparing with
HTLV-I-negative; & Comparing with HIV and HTLV-I-negative
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Comparison of HIV-1, HIV-2 and HIV-1/HIV-2
dual infections. From the latest screening perfor-
med in Bandim 2004-2006 (208), 56 dually and 5
triply infected individuals were identified and
enrolled along with 73 singly infected and 34
uninfected controls in an immunological case-
control study. Plasma from HIV singly or dually
infected individuals were tested for their ability
to neutralise HIV isolates of different subgroups
in a checkerboard fashion. Preliminary results
from this heterologous neutralisation test show
that the neutralisation ability of plasma from
dually HIV-1/HIV-2 infected may differ as com-
pared with plasma from singly HIV-1-infected.
Plasma from dually HIV-1/HIV-2 infected dis-
played significantly lower neutralising capacity
against HIV-1 isolates than plasma from singly
infected HIV-1-infected; no such difference could
be observed comparing neutralising capacity
against HIV-2 isolates for plasma from dually
HIV-1/HIV-2-infected and HIV-2 singly infected
individuals. Further analyses are ongoing.

Public health implications

The pattern of the HIV-epidemic in Guinea-
Bissau differs from that of South and East Africa
as the epidemic started with the less virulent
HIV-2. This population is also afflicted by a third
retrovirus, HTLV-I, which can lead to disease.
We have seen from the mortality data that
HTLV-I infection is independently associated
with higher mortality. Why HTLV-I-infected die
to a higher extent than non-HTLV-I-infected
remains to be clarified. Studies are underway

that hopefully will elucidate this. The country
has recently started with anti-retroviral treat-
ment (ART) on a national basis to asses the
effects of ART on a population level in a context
with three different retroviruses.

There is still no vaccine available against HIV. It
is not completely known what type and quantity
of immune responses should be induced by vac-
cination to protect against HIV/AIDS. It is the-
refore of special interest to study immunity such
as neutralising antibodies in a population where
several human retroviruses HIV-1, HIV-2 and
HTLV-I coexist. In particular, HIV-2 infections
that have a lower pathogenic outcome than
HIV-1 may provide important information on
the type of antibody response needed.

Future perspectives

Continuation of the epidemiological studies along
with studies on the biology and immunology of
the virus are essential for the future monitoring of
the HIV epidemic. We will assess possible impli-
cations of neutralisation and innate immunity
studies from a vaccine perspective. Furthermore,
we will study the effects of HTLV-I single and
dual HIV/HTLV-l infections on an individual and
public health level, analysing which diseases are
associated with HTLV-1 in this community. This
will include assessment of auto-antibodies in
HTLV-I infected individuals and relating HTLV
proviral load to HIV and clinical symptoms.

References on dual infections: 4, 191, 2008



Tuberculosis studies:

Clinical tuberculosis studies

Background

The set-up for enrolling TB patients in clinical
studies was strengthened in 2003 in order to
conduct randomised trials. The previously col-
lected data were used to develop a clinical score
for characterisation of severity of TB disease and
to assess outcome in trials. A systematic collec-
tion of blood samples from TB patients and
healthy controls from the study area was used to
describe vitamin D status and to study genetic
risk factors. Finally this set-up was used to con-
duct the first major randomised trial of the effect
of vitamin D supplementation for TB patients.

In the pre-antibiotic era, vitamin D was used for
treatment of tuberculosis (TB). In recent years
researchers have reported evidence for an impor-
tant role of vitamin D in the immune response
towards TB and increased risk of TB in individu-
als with vitamin D deficiency. We therefore

aimed to assess whether vitamin D levels in the
blood and vitamin D receptor polymorphisms
were associated with TB risk in this high-burden
setting, and whether supplementation would
affect disease outcome (172).

Results

We developed a clinical severity score for TB
based on the WHO manual for TB and HIV and
applied the score to an existing dataset of 698 TB
patients in the study area (180). The TBscore
showed a high degree of sensitivity to change
and we found that 93% of the patients had high
scores at the beginning of treatment and 79%
had a low score at the end of treatment. Being in
the highest severity class predicted subsequent
mortality with high accuracy.
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Vitamin D status was examined in 362 TB
patients and 494 healthy adults (185). We found
female sex, old age, certain ethnic groups and
Moslem faith to be risk factors for low vitamin D

status, whereas

120

having no formal
schooling was pro-
tective.  Controls
with vitamin D
deficiency  were
also at higher risk
of having latent TB
infection determi-
ned as a positive
Mantoux test >
10mm. Controlling
for background fac-
tors, we found
overall lower 25
hydroxy-vitamin D
(25(OH)D3) con-
centrations among
TB patients, but
severe vitamin D
deficiency (25(0OH)D3 < 25nmol/l) was surpris-
ingly rare among TB patients, although this was
seen in 5% of healthy controls. The data suggest
a role of vitamin D in TB but it may just be a
symptom.

In a genetic case control study, we investigated
the role of DC-SIGN (CD209), long pentraxin 3
(PTX3) and vitamin D receptor (VDR) gene
single nucleotide polymorphisms (SNPs) in
susceptibility to pulmonary tuberculosis (TB) in

321 TB cases and 347 healthy controls from the
study area(175). We found that two poly-
morphisms, one in DC-SIGN and one in VDR,
were associated in a non-additive model with
disease risk when analysed in combination with
ethnicity (P=0.03 for DC-SIGN and P=0.003 for
VDR). In addition, PTX3 haplotype frequencies
significantly differed in cases compared to con-
trols and a protective effect was found in asso-
ciation with a specific haplotype (OR 0.78 (0.63—
0.98)). Our findings support previous data sho-
wing that VDR and DC-SIGN modulate the risk
of TB in West Africans (66,199) and suggest that
variation within DC-SIGN and PTX3 also affects
the disease outcome.

Finally, we included 365 TB patients in a rando-
mised double-blind placebo-controlled trial
(218). Patients were given 100,000 IU cholecalci-
ferol/placebo together with directly-observed
antituberculous treatment. Cholecalciferol/pla-
cebo was repeated after 5 and 8 months of treat-
ment. No serious adverse effects were reported,
mild hypercalcemia was a rare event and pre-
sent in both treatment arms. The clinical score
showed a similar decrease in severity among
vitamin D and placebo recipients (Figure 1).
There was no difference in weight gain or time
to sputum conversion. Overall mortality was
54/365 (15%) at one-year follow up and did not
differ significantly among the two groups
(Figure 2) but a subgroup analysis stratified for
HIV infection raised the possibility that vitamin
D treated HIV-1 infected TB patients had higher
mortality.



Public health implications

We have developed the first clinical score for
assessing severity of TB disease which can be
used in low-resource settings. With this tool a
physician with a stethoscope, a scale and a mea-
suring tape may be able to have important pro-
gnostic information on which patients should
achieve increased attention or hospitalisation.
When grouped in severity classes the signs and
symptoms in the TBscore construct a robust
index usable in settings where advanced labora-
tory measurements are not available.

The vitamin D studies did not confirm the hypo-
thesis that vitamin D plays an important role in
development or treatment of TB, but associati-
ons were found which merits further investiga-
tion.

Future perspectives

We are currently further assessing the TBscore
for inter-observer variation, and the TBscore
may be used in trials to select high-risk patients
including smear negative TB patients. The set
up for clinical TB trials is an important resource
which may be used to answer urgent research
questions about the effect of micronutrient/diet
supplementation of TB patients (206) and the
efficacy of promising TB vaccine candidates.

References on TB: 25,28,51,66,103,105,144,160,16
4,165,171,172,175,180,185,199,206,218

Figure I. | TBscore at different time points for the two treatment arms
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TB-negative individuals: Using
SuPAR to identity individuals
with high mortality risk

suPARnostic ELISA

Background

Tuberculosis (TB) continues to affect the lives of
millions of people worldwide. In Guinea-Bissau,
TB is a common cause of morbidity and morta-
lity. In a community study the incidence TB was
estimated to be 471/100,000 person-years. Of
those who come to the hospitals with symptoms
of TB, only one in four is diagnosed with active
TB based on sputum smear and X-ray. The indi-
viduals who are negative in sputum and X-ray
are called “assumed TB-negative” (aTBneg).
Little is known about this group because follow-
up is not routinely conducted by National
Tuberculosis Programmes in sub-Sahara Africa.
We have previously shown that plasma levels of
soluble urokinase receptor (suPAR) were eleva-

ted in patients with active TB, carried prognostic
value during the treatment period and that
suPAR levels decreased in patients that respon-
ded to therapy. Since the group of assumed TB
negative individuals is very large, we aimed to
determine 1) mortality levels among these indi-
viduals and 2) whether suPAR can be used to
determine post-consultation mortality.

Results

Mortality among aTBneg

Baseline characteristics and mortality during
3-month follow-up according to suPAR quarti-
les are shown in Table 1. Interestingly, there are
more women than men in this group whereas
there are more men than women among patients
diagnosed with TB. The total mortality rate
among individuals that were aTBneg was 21 per
100 person-year-observations (PYO) compared



with 0.03 per PYO among 4983 age-matched
controls from the study area. Thus, mortality
was 7-fold higher among aTBneg patients.

HIV and mortality

Both HIV-1 and HIV-2 was common among
aTBneg individuals with 185 HIV-1-positive and
85 HIV-2- positive out of the 947 aTBneg indivi-
duals tested. The mortality rate was much hig-
her for HIV infected subjects compared to HIV-
negative subjects, especially HIV-1 compared
with HIV-negative subjects. Higher suPAR levels
were found among HIV-1 compared with HIV-2
infected and HIV negative individuals.

suPAR as a predictor of mortality

suPAR was included as a linear predictor in a
survival analysis that included HIV status and
gender. Mortality increased with suPAR levels
regardless of HIV status as shown in the Figure
1. A Ing/ml increase in suPAR was associated
with a 46% (95% CI 34-59%) increase in the mor-
tality rate.

Public health implications

Ourstudy suggests that the National Tuberculosis
Control Programme should develop guidelines
for the management of aTBneg individuals to
reduce the high mortality of this group. The
problem is to identify individuals in need of
further testing among this large group of
patients. We found that the suPARnostic® assay
can identify individuals with high post-consul-

tation risk of mortality. An increased suPAR
level is likely to reflect an elevated inflammatory
and ongoing progressive disease state. Hence,
an increased suPAR level should lead to further
diagnostic testing to identify the cause of incre-
ased risk of mortality. This could include testing
for HIV, further TB diagnostic testing with cul-
ture or PCR methods, sepsis, malaria, bacterial
pneumonia, bronchiectasis, bronquial carcino-
ma, pneumocystis carinii, lung abscess, empye-
ma and chronic obstructive pulmonary disea-
ses.

Future perspectives

Our data provides a solid
ground for future develop-
ment of guidelines for the
management of individuals
that are TB-negative in order
to reduce the high mortality
of this group. Further cost-
effective studies are needed to
determine how suPAR can be
included in a clinical decision
tree for the management of
aTBneg individuals. Thus, we
hope in future to conduct a
randomised study including
suPAR as a decision marker
in one arm of the trial.

References on TB negative individuals and
suPAR: 229
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Ist suPAR 2nd suPAR 3rd suPAR 4th suPAR Total
Characteristic Quartile Quartile Quartile Quartile Range P-value
(0.9-2.6) (2.6-3.3) (3.3-4.4) (4.4-45) (0.9-45)
No. of subjects
Median age years (17-66) (18-70) (19-71) (21-69) (18-69)
Male 113 (47%) 91 (38%) 113 (47%) 100 (42%) 417  (44%) all
Female 126 (53%) | 149 (62%) | 126 (53%) | 140 (58%) | 541 (56%) '
SIVAE 24 (10%) |42 (18%) |36 (I5%) |8  (33%) | 182 (19%)
HIV-2 9 (4% |20 (8% |25 (10%) |31 (13%) |85  (9%) 00!
<0.
HIV negatives 203 (85%) | 177 (74%) | 174 (73%) | 124 (52%) | 678 (71%)
No HIV status 3 (1%) I 0% |4 (2% 5 (%) 13 (1%)
Died 2 (% |3 (1% |3 (1% 38 (16%) |46  (5%) <0.01
Table | Characteristics of aTBneg individuals according
to quartiles of suPAR in ng/ml
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Figure. Log-mortality rates are
plotted against plasma suPAR B
concentrations according to HIV o ]
status. Mortality increased with 0 5 0 15 20 25 0 5 0 15 20 25
increasing suPAR independent of
HIV status. e
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Global Health perspective:
'Too many chefs in Africa

Child mortality fell rapidly in the 1980s con-
comitantly to the introduction of childhood
measles vaccination and maternal tetanus vac-
cinations but this momentum was lost in the
beginning of the 1990s and the fall in child mor-
tality diminished. With vaccination coverage of
less than 50% in some low-income countries it
has not been possible to decrease child mortality
through this intervention. Very little has happe-
ned in terms of mortality from pneumonia
among children in low-income countries and a
fall in neonatal mortality has been completely
absent.

Millennium goals

By 2000 the UN agreed on eight development
goals for year 2015: The Millennium Development
Goals. Three of these goals are directly aimed at
health issues: reduction in child mortality,
improved maternal health and reduction in pre-
valence of several diseases such as HIV and

malaria. The high ambitions expressed by the
goals have strengthened several large-scale glo-
bal health initiatives such as Global Fund to fight
AIDS, TB and Malaria, Roll Back Malaria, and The
Global Alliance for Vaccines and Immunization.

Foresight in a small mind

There are available and well documented inter-
ventions that could prevent 6 of the 10 million
deaths among children under five that occur
every year. Likewise available knowledge is
often deliberately not used to tackle certain
health problems: increasing birth spacing to 36
months or more can reduce under-five mortality
by 35%. In 2004, ten years after the introduction
of impregnated bed nets only 5% of under-five-
year-old children slept under a bed net in mala-
ria areas. It took the WHO further 3 years to
publicly apologize for their resistance to appro-
ve and distribute impregnated bed nets which
Margaret Chan did at the Global Forum for
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health research in Beijing 2007. For the past 5
years many countries in Africa have experien-
ced a rapid and substantial decline in malaria
prevalence most likely due to the distribution of
bed nets. Political, religious and methodological
research issues impede the process to reach at
least some of the goals in some low-income
countries. The goals are meant as a moral incen-
tive and have been developed over more than a
decade. Their fulfilment requires a long term
commitment with overall solutions and an obli-
gation to establish the foundation for the neces-
sary continuous funding. The goals have put a
focus on capacity building and poverty reduc-
tion as crucial for the process.

Uncertain numbers

The central parameter for child health in the
2015 goals is the reduction in under-five morta-
lity and among the most important sources to
monitor this are the repeated demographic
health surveys (DHS). However, it has been
argued that the number of children participating
in the surveys is too small to capture the chan-
ges in child mortality that is expected by 2015.
With the uncertainty of mortality figures from
the DHS surveys it will not be possible to detect
a fall in mortality with five year intervals.

Yet, uncertain data like these will form the basis
for donations to the health sector, and low-
income countries that are not able to demon-
strate a reduction in child mortality will experi-
ence that donations are withheld or are blocked
completely. Nevertheless, longitudinal demo-

graphic health surveillance research sites in low-
income countries follow child populations that
are large enough to capture even smaller chan-
ges in child mortality.

On the contrary, donors have excluded long
term involvement with rapid diminishing
resources for development aid, demands for
short term goals and lacking support of valid
mortality data. In an editorial in The Lancet 2004
it was concluded that biomedical research had
failed to tackle the massive health problems in
DC.

Increasing worries

Many low-income countries do not stand a
chance of achieving the 2015 goals before 2015.
The most worrying is that the countries farthest
from the goals are those with the biggest likeli-
hood of not achieving them. Many agree that the
largest hindrance for achievement of the millen-
nium goals is the health care system itself and
the World Bank has pointed out that poverty
and child mortality levels are increasing in some
African countries. Donors are only just realising
that an important bottleneck in health develop-
ment is the weak and fragmented health care
systems in low-income countries that have lost
the confidence of the population and are unable
to deliver even the simplest services with a rea-
sonable level of quality and coverage. Hospitals
in low-income countries suffered during the
boost into public health campaigns in the early
1980s and now have to fight a vicious circle of
low quality of care, lack of motivation and



mistrust of the population. Donors on the other
hand prioritise disease oriented vertical pro-
grammes with no intention of building capacity
in the existing health care system. WHO'’s High
Level Forum on Achieving the Health Millennium
Goals has pointed out that a major challenge is to
increase donor cooperation.

The bitterest pill of them all: we don’t know
enough

The Bellagio-group on child mortality showed in
a 2003 paper in The Lancet that there is a need
for investments in how to translate rational
knowledge into action but nothing has happe-
ned since then. Research in pneumonia and
diarrhoea among children, two diseases that are
responsible for 50% of child deaths in low-
income countries, only constitute 1% of research
funds in childhood diseases in low-income
countries.

In spite of the fact that interventions promoting
simple hand washing reduce diarrhoea inci-
dence at virtually no cost, large-scale water sup-
ply and sewerage projects are still stealing
scanty funding for low-income countries. We
lack knowledge on why some good health infor-
mation spreads rapidly while other (too simple?)
information is left unused. Less than 3% of the
funding from the National Institute of Health
(NIH) and the Gates Foundation go to research
in the dissemination of interventions. The past
four years not a single US dollar has been given
to better coverage of proven effective childhood
vaccines like the measles vaccine. There are,

however, large areas of Africa where the cove-
rage of this vaccine is less than 1%. By increasing
coverage of existing interventions to 99% we
would be able to reduce under-five child morta-
lity by 30-50%.

Unexpected observations

At the epidemiological level it is not uncommon
to see that child mortality varies by up to 50%
within geographically small areas and homo-
genously poor populations. At the individual
level it is surprising that some poor mothers can
bring all of their children through childhood
without losing any of them, while her equally
poor neighbour has lost more than half of her 8
births. In Guinea-Bissau in the period 1998-2002,
7% of mothers who lost a child were responsible
for 34% of all child deaths in the same period.
Some mothers lose more children, while others
never lose a child. Death is not a random event
and is highly determined by socio-economic
conditions, but there are other factors that can
weaken or re-enforce the effect of poverty. Two
such factors would be social capacity and favou-
ritism and if these factors are not taken into
account when interventions are created we run
the risk that the intervention does not reach
those in most need of it: the poorest population
groups. Health research is also about accepting
the validity of unexpected observations. Such
observations often arise within longitudinal stu-
dies of population groups over longer time spans
(typically more than 10-15 years). Among others
the Danish-Guinean Bandim Health Project in
Guinea-Bissau has come up with such results.
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A poor choice

Poverty and poor health condition fix people in
a helpless situation: even if one intervention
prevents a child from dying of malaria, the next
year the child could die from measles because
there are no vaccination campaigns in the poore-
st and most rural areas. Discrimination by sex,
ethnic belonging and religion further boost the
vulnerability of the poor.

The poorest children in Indonesia have a four
times higher risk of dying before they reach five
years of age compared with children of the
richest families in the same country. It is esti-
mated that in 2000 99% of all under-five child
deaths in the world took place in poor areas. The
World Bank Reaching the Poor programme last
year published a case report from 12 low-income
countries on health and disease in which they
demonstrated that the richest 20% of these
populations receive more of public health bud-
gets than the poorest 20%.

Some are deader than others

The poor are badly off, but other vulnerable
groups like illiterates, rural populations, anemic
or malnourished children, low birth weight
children and very young mothers associated
with poverty are also independent risk factors.

There are fundamental problems in the health
care system in low-income countries and these
problems have consequences for all population
groups regardless of social status although with
varying impact. The child mortality problem in
low-income countries is not solved by exclusive

focus on the ultra poor. Their less poor fellow
citizens are also exposed to low quality of care
and violation of simple human rights in access
to preventive and curative care. The richest
population groups in Guinea-Bissau still have a
child mortality 30 times higher than an average
Scandinavian level. Quality of preventive health
care and care in low-income countries is elemen-
tarily different from what should be expected
from professional well trained health care work-
ers. If we fail to acknowledge the significance of
this we are definitely facing serious problems in
reaching the 2015 goals.

No laboratory model

In today’s Western medicine it is impossible to
introduce a pink child plaster without placebo
controlled double blind studies, but in Africa it is
possible to turn entire health care systems upside
down without the least bit of evidence or scienti-
fic background. Child vaccines produced and
tested under the past reality of European and
American epidemics were introduced without
further testing in low-income countries with
completely different patterns of disease trans-
mission and morbidity burden with high inci-
dences of diarrhoea and malaria as dummies in
the game. Only now after 20-25 years of use the
first studies on long term effects of child immu-
nizations in DC have demonstrated that some of
the vaccines in a best case scenario are useless
and in a worst case scenario are detrimental to
health. User fees were tested in small hierarchal
Muslim societies and thereafter introduced on a
large scale as a principle all over Africa. These
fees have, like the decentralisation process, com-



pletely paralyzed the entire health system and
only increased inequity in access to health care.

Shoot first — then ask

This absence of a scientific public health basis in
low-income countries directly opposes a know-
ledge-based development in the field and the
responsibility for this rests on the shoulders of
donor organisations, WHO, NGOs and national
governments. The will and power to coordinate
knowledge-based development and constant
learning by experience is simply not present.
Decision makers should realize that every new
health programme introduced kills one or more
existing health programme or activity because
resource allocation to health in DC is extremely
limited.

One year they prioritise primary health care
with free medicine, next year it is malaria pre-
vention that is popular, and then it is control of
diarrhoeal diseases with oral rehydration that is
important or a cholera epidemic calls for despe-
rate health measures, then it is polio eradication
campaigns because the vaccines were donated,
vitamin-A in campaigns, everybody needs imp-
regnated bed nets, two-drug malaria treatment
last year and now HIV treatment. The health
care sector is forced to focus on the priorities of
the donor organisations this year, while there is
no national incentive to try and monitor efficacy
and long-term consequences of these radical
yearly changes. As a result we see a falling cove-
rage of measles vaccination because health
workers get the idea that this activity is no lon-
ger an important health activity.

Too many chefs in Africa

There are too many chefs in Africa: NGO'’s,
WHO, UNICEF, UNDP, UNFPA, The World
Bank, vertical disease programmes, relief
organisations, religious health programmes
and hospitals, unregulated private clinics and
national health authorities.

The national authorities have no available pro-
fessional counsellors to help prioritise and coor-
dinate the many offers from donors in relation
to national health plans and future needs. The
result is a fragmented and anarchistic health
sector where simple diseases and trivial infec-
tions turn into a catastrophic social event that
forces entire families to spend most of their
savings and time on a substandard health pro-
duct.

A Kyoto agreement on health

The WHO is weakened economically and in
terms of influence. We need a strong internatio-
nal professional health institution to serve as the
advocate for users of health care and which is
capable of generating better knowledge on how
to use sound evidence. The international board
of health should create and govern a Kyoto
agreement on health rights ensuring the founda-
tion on which we can reach the 2015 health
goals.

(This paper is a shortened and slightly revised versi-
on of a paper that was originally published in the
Danish  Medical Bulletin, 2007; 54(1):52-54.
Reprinted with permission)
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