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Abstract. Aedes aegypti is one of the world's most widely distributed mosquitos and is of considerable 
medical importance as a vector ofdengue and yellow fever. Not surprisingly therefore there has been more 
written on its biology than any other mosquito. The present paper summarizes ecological studies undertaken 
on this vector, including those on pre-adult mortalities, life-tables, adult dispersal and survival rates. In 
discussing surveillance techniq ues it is pointed out there are still no reliable metlK>ds for monitoring adult 
populations. The importance of the resting habits of adults and house construction in insecticidal control 
of Ae. aegypti is discussed. The question is, have ecological studies and population modeling resulted in 
any more understanding of the epidemiology of dengue, or helped formulate better control strategies? The 
answer seems to be not usually, possibly because there have actually been relatively few good ecological 
studies on Ae. aegypti. Although mathematical modeling indicates that better control might be achieved if 
it were directed at the larvae, not adults, this has not usually been taken into consideration by those 
engaged in control. There is clearly need for greater collaboration between those practicing control, and 
ecologists and modelers. 

INTRODUCTION 

Aedes aegypti is one of the world's most widely 
distributed mosquitos, occurring from the southern 
USA through most tropical regions, China, and 
into Australasia. However, it would be incorrect 
to describe its distribution as cosmotropical because 
in many geographical areas its range is patchy. 
Aedes aegypti has been widely introduced into 
many countries by seacraft, and consequently 
ports are usually the first areas to be colonized 
(Cheong, 1986). Later the species often spreads 
inland, although sometimes there has been little 
invasion of the interior. It is interesting to note 
that it is thought that immigrants arriving from 
China in the latter part of the 19th Century during 
the goldrush days led to multiple introductions 
into eastern Australia, a migration that also caused 
dengue outbreaks. There is no doubt that the dis
tribution of Ae. aegypti in Australia has become 
more restricted, and interestingly it seems that this 
is due to the provision of more and more towns 
with piped water and the disappearance of rain
water storage tanks. This emphasises that urbani
zation and associated proliferation of man-made 
container habitats, such as water-storage containers, 

are responsible for much of the maintenance and 
spread of Ae. aegypti. In fact the size and frequency 
of dengue epidemics is related to urbanization, 
which determines the numbers of available sus
ceptible humans and the density of vector popula
tions. However, in some situations the introduc
tion of piped water does not appear to have reduced 
domestic breeding of Ae. aegypti, mainly because 
people still persist in storing drinking water (Service, 
1989), or as they become affiuent they become 
surrounded by ever increasing discarded trash, 
such as tin cans, which supports mosquito breed
ing. 

Although Ae. aegypti is not such a susceptible 
host for dengue as Aedes a/bopictus and Aedes 
po/ynesiensis, it is nevertheless a better vector, 
because it is a highly domestic species, breeding in 
water containers in or around houses and with 
adults resting in houses. These characteristics ensure 
it has a much stronger vector-human contact than 
the other vectors. 

There is evidence to suggest that in Southeast 
Asia indigenous Ae. a/bopictus has been replaced 
in many areas by invasions of Ae. aegypti (Service, 
1993) and laboratory experiments with Southeast 
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Asian populations have shown that Ae. aegypti 
outcompetes Ae. afbopictus (Service, 1993). How
ever, Hawley (1988) hypothesized that the appar
ent spread to Ae. aegypti in Southeast Asia has 
been caused by increased urbanization which favors 
breeding by this species, which is also prevalent in 
indoor larval habitats, whereas Ae. afbopictus 
breeds more in suburban and rural areas and tends 
not to colonize indoor water collections. In the 
USA the reverse situation has been reported since 
the first record of Ae. afbopictus in the country in 
1985. That is, an increase in Ae. afbopictus and a 
decrease in Ae. aegypti, but there is no evidence of 
any interspecific competition between these two 
species, or that Ae. afbopictus is really replacing 
Ae. aegypti. 

Medically Ae. aegypti is most important as a 
vector of yellow fever in subsaharan Africa and 
Latin America and more widely of dengue hemor
rhagic dengue (DHF) and dengue shock syndrome 
(DSS). For unexplained reasons yellow fever does 
not occur in Asia, but it is worth noting that 
Rosen (1982) suggested that Ae. aegypti could 
become involved in the extension of this disease 
into Asia and the Pacific basin within the next 
decade. Although up to 1992 there is no evidence 
of this having happened, and Monath (1989) 
seems to think there are several biological and 
sociohuman reasons why this is unlikely, there 
must always remain the possibility, albeit only a 
faint one, that yellow fever could invade Asia. 

BIOLOGY AND ECOLOGY 

More has been written on the biology of Ae. 
aegypti than any other mosquito, many of the 
earlier studies having been summarized by Chris
tophers (1960), and more recently Nelson (1986) 
has given a brief account of the biology and ecology 
of Ae. aegypti, with particular reference to the 
Americas. Degallier et af (1988) present a very 
concise account of the bioecology of Ae. aegypti 
accompanied by 270 references. 

But with so much attention being focused on 
this mosquito has it resulted in any better under
standing of the epidemiology and dynamics of dis
ease transmission, or resulted in formulating more 
effective vector control strategies? Before attempting 
to answer these questions let us look at some of 

the research that has been undertaken since the 
publication of Christophers' book. 

Mortalities and life-tables 

In Bangkok, Thailand Southwood et af (1972) 
regularly counted the numbers of eggs, larvae and 
pupae present in water-storage jars left uncovered, 
for periods of48 hours during the months ofOctober 
to August the following year, with, however, the 
exceptions of January and May. These short ex
posure times prevented eggs of Ae. aegypti being 
laid over long periods thus avoiding problems of 
different life-stages occurring together, which 
would make the interpretation of the results diffi
cult. From their studies Southwood et af (1972) 
concluded that mortality between eggs and 2nd 
instar larvae was density-dependent, and was the 
most important mortality in regulating popula
tion size. Rogers (Youdeowei and Service, 1983) 
reanalysed their data and concluded that in fact 
the greatest population loss was from the pupal 
stage to oviposition, in other words there were 
considerably fewer eggs laid in the jars than would 
have been expected in the absence of adult mortality. 
The next most important contribution to total 
generation mortality was from egg hatching to 
2nd instar larvae. 

Using modeling procedures Rogers (Youdeowei 
and Service, 1983) found that introducing control 
that would give 90% mortality of adults would 
result in neglible mortality in the next generation, 
because the reduction in eggs laid would be later 
compensated for by a similar reduction in density
dependent larval mortalities. If, however, the 
same degree of control was directed at the larvae 
after allowing natural density-dependent mortalties 
to occur amongst them - then good control should 
be achieved. This strongly suggests that insecticidal 
fogging and ULV applications to kill adults, mea
sures that were introduced in the late 1960s and 
which by 1969 had become the standard method 
of control in many parts of the world, will not be 
very effective in reducing Ae. aegypti populations. 
Nelson (1991) also reports that preliminary mode
ling shows that ULV applications will have very 
little effect on the total numbers of dengue cases, 
this is because the adult population is very resilient 
to change and recovers its size quickly. Never
thelss, UL V spraying will likely decrease the rate 
of transmission, spreading it over a longer time 
period. Nelson (1991) argues that if source reduction 
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is applied instead of UL V spraying this will reduce 
the numbers of dengue cases because of the longer 
lasting reduction of vector densities, but the im
plementation would be so slow that any epidemic 
would be burnt out before any substantial reduction 
in adults could be achieved. In fact during the last 
20 years or so the incidence and distribution of 
dengue has increased despite UL V spraying and 
thermal fogging. Gubler (1991) also stresses that 
"the only truly effective way to control the mos
quito vectors of dengue is source reduction". 
However, Nelson (1991) believes that if both types 
of control are applied they will react synergistically 
and give the best control (see also "adult resting 
habitats"). 

Dye (1984) also reanalysed the data of South
wood et af (1972), and built a multi-age-c1ass simu
lation model that took into account overlapping 
generations - a more realistic approach than under
taken by several previous modelers. He found that 
the adult population was more sensitive to changes 
in death rate than to changes in birth rate, or 
numbers of larval habitats. Furthermore, the 
adult population was more sensitive to changes in 
adult survivorship than to changes in fecundity. It 
was concluded that density-dependent mortality 
acted on the eggs, but not on the adults. 

An experimental release of sterile male Ae. 
aegypti in a small coastal village in Kenya achieved 
a high degree of sterility in the local population, 
but neither pupal production nor adult biting 
populations were significantly reduced. This led 
McDonald et af (1977) to conclude that density
dependent larval mortality must have been counter
acting the 64% sterility that was introduced into 
the population. After further releases of trans
located males into the village Petersen et af (1977) 
came to the same conclusion. Predators and para
sites are often scarce, or .even absent, from man
made containers supporting the breeding of Ae. 
aegypti, and from studies in both Bangkok (South
wood et af, 1972) and Kenya (Subra, 1983) it 
seems that most mortality is caused by shortage of 
food. 

In studying the ecological dynamics of the pre
adult stages entomologists have been forced to 
analyse and reanalyse data presented in 1972 by 
Southwood et af. This is because, despite Ae. 
aegypti being such an important and common 
mosquito, and moreover a container-breeder 
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which makes it particularly suited for biological 
investigations, there have been few good ecological 
studies on Ae. aegypti. 

A relevant question is, have any ofthe theoretical 
studies on density-dependent population regula
tion on Ae. aegypti been used to formulate more 
appropriate control strategies? The answer I think 
is no. 

Adult resting habits 

Reiter (1991a, b) argues that the resting places 
of Ae. aegypti have an important bearing on control. 
He points out, that unlike certain pest mosquitos 
in the USA, such as Aedes taeniorhynchus and 
Cufex pipiens, adults of Ae. aegypti are not gener
ally found out of doors, but are predominantly 
endophilic, resting especially in cupboards and 
sheltered parts of houses. In these situatiops they 
will likely be little affected by outdoor ULV spray
ing. He substantiates his argument by pointing 
out that in Latin America houses are typically 
sturdily built and have small windows, and there
fore it is not surprising that such well-housed Ae. 
aegypti are often not killed by ULV spraying. In 
contrast, houses in Thailand are frequently of an 
open construction and frequently raised on stilts 
to maximize air flow through them, a design that 
will obviously allow insecticidal aerosols greater 
penetration (Reiter, 1991 b). In fact ULV spraying 
in Thailand has often been reported as successful. 

In Panama Davila et af (1991) found that parous 
adults rested in more protected areas in houses 
than nulliparous females or males, and thus the 
epidemiologically more dangerous part of the 
population will be less affected by ULV spraying. 
Although Nelson (1991) recognised that there 
have been widely different results from such spraying 
he considered that the main reasons were due to a 
combination of factors, such as differences in 
application dosages, insecticide susceptibility of 
the vectors, house construction, block configuration 
and the route used when applications are made 
from ground-based vehicles. For instance, in Puerto 
Rico if malathion application rates are less than 
73 mliha there is poor, if any, control, but ifdosage 
rates are around 305 ml!ha then good vector control 
is usually achieved. Gratz (1992) also believed that 
reported failures of UL V control in the Americas 
are caused mainly by the lower application rates 
(50 ml malathioIllhai compared to those used in 
Southeast Asia (circa 400 mliha). 
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Resting adults of Ae. aegypti are usually dificult 
to find in sufficient numbers for bioassay evalua
tions of spraying, consequently laboratory reared 
adults are usually put in small cages that are placed 
out of doors. If is not surprising that such enclosed 
and exposed adults usually die following spraying. 
This is a totally artificial situation, and the morta
lities achieved probably have little bearing on 
mortalities experienced by natural populations. In 
Trinidad Chadee (1985) noted smaller mortalities 
of caged Ae. aegypti placed in houses than obtained 
with outdoor caged adults. However, he obtained 
poor mortalities in caged adults in either situation, 
and also concluded that ULV malathion spraying 
from trucks had little effect on natural popula
tions of Ae. aegypti. He believed there was little 
penetration of malathion into the houses, and in 
later trials concluded that residual house-spraying 
was more effective than ULV applications (Chadee, 
1990). Somewhat similarly in Thailand (Vythilingam 
and Panart, 1991) and the Dominican Republic 
(perich et ai, \990) greater mortalities of Ae. aegypti 
were recorded in outdoor than in indoor cages. 

There is the danger that sometimes good kills 
of caged adults, especially when placed out of 
doors, will be interpreted as effective control, 
whereas the target population, residing mainly 
indoors, has most likely suffered relatively little 
mortality. 

Survival rates 

There have been relatively few field-based 
investigations on the survival rates of adult Ae. 
aegypti but in Bangkok Sheppard et al (1969) 
initially estimated the daily survival of adult males 
to be 0.70 and of females 0.81. However, when loss 
of adults through dispersal outside the recapture 
area was taken into consideration a modified Fisher 
and Ford analysis gave survival rates for males 
and females of 0.72 and 0.84, respectively. In both 
instances survival rates of females were significantly 
greater than of males. McDonald (1977) found 
very similar survival rates in Kenya, namely 0.77 
for males and 0.89 for females, while for a popula
tion in the USA these values were 0.57 and 0.81, 
respectively (Nayar, 1981). Since the extrinsic 
incubation period of dengue viruses is 8-\2 days, 
then with these relatively low survival rates high 
mosquito densities will be required to maintain 
transmission. 

The vectorial capacity (Ap"/-In p) of Ae. aegypti 
can be described as the potential of a population 
to transmit a disease such as dengue. This will 
depend on the duration of the extrinsic cycle (n) of 
dengue, adult survivorship (P) - to which it is out
standingly sensitive, and adult population size 
(A). A reduction in daily survivorship is the most 
crucial parameter in reducing vectorial capacity 
and hence disease transmission, and so we need to 
be able to measure such changes. Reducing survivor
ship will also reduce adult population size. It 
might also be remembered, however, that killing 
late larval instars will also reduce adult population 
size. This is reflected in the good control achieved 
by Bang and Pant (1972) in a field trial of temephos 
larviciding in Bangkok. 

Daily survival of adult mosquitos depends on 
many variables, including larval nutrition, climate, 
availability of food for the adults, flight, and pres
ence of natural enemies, as well as the genetic 
composition of the population. It is therefore to 
be expected that there will be temporal and spatial 
differences in survival rates and this will affect 
transmission levels. 

Although it is not difficult to distinguish parous 
from nulliparous adults, so-called advanced age
grading techniques involving counting serial ovariole 
dilatations formed under successive oviposit ions 
cannot usually be performed on Ae. aegypti because 
the dilatations coalesce. Nevertheless, some workers 
have reported varying degrees of success. For 
example, in Panama Davila et al (1991) found up 
to six dilatations in one female. 

Survival rates are of crucial importance in 
understanding disease epidemiology, and can be 
valuable in evaluating control operations, but 
they have rarely been used in studies on dengue, 
yellow fever, or Ae. aegypti control. This is in 
marked contrast to the use made of vector survival 
rates in malariology. 

Population estimates of adults 

There have been relatively few attempts to 
measure population sizes of adult Ae. aegypti, but 
in New Delhi, India, Reuben et al (1973) used 
both the "positive" and "negative" methods of 
Jackson, the Lincoln Index, and the more compli
cated methods of Jolly and Fisher-Ford, to esti
mate the population size of Ae. aegypti. McDonald 
(1977) used the Lincoln Index and the Fisher-

Vol 23 No 4 December 1992 684 



ECOLOGY IN AEDES AEGYPTI CONTROL 

Ford methods to estimate population size in a 
small Kenyan coastal village, while in Tanzania 
Trpis (1971) also employed the Lincoln Index to 
estimate population size. He based his estimates 
on the numbers of marked recaptured females 
caught at human bait when the biting population 
was at three different density levels. By comparing 
the biting densities with the corresponding popula
tion estimates, Trpis (1971) converted bait catches 
into terms of absolute densities and found a good 
correlation between the two. But this approach 
needs to be further evaluated. In Kenya Trpis and 
Hausermann (1986) caught and released marked 
females into houses and estimated population size 
on 14 consecutive days, using various simple and 
more sophisticated methods of analysis. 

In general little use seems to have been made of 
population estimates in control operations, and I 
have to admit I would not rate this as a priority 
research topic. 

Adult dispersal 

Clearly an understanding of dispersal is relevant 
to mosquito control. There have been several 
studies in different countries (eg Burkina Faso, 
India, Kenya, Thailand, USA) on the dispersal of 
adult Ae. aegypti. In India Reuben et al (1975) 
undertook a series of mark-release-recapture 
studies with males to develop the best strategy for 
maximizing uniform dispersal of males in a genetic 
control experiment. They found that release sites 
separated by 50 m resulted in good distribution. 
In fact most experiments have shown that Ae. 
aegypti does not disperse far. For example, in 
Tanzania Trpis and Hausermann (1986) found 
that most marked mosquitos were recaught in the 
house in which they were released, and 66.7% 
were recaught in houses II-50 m away from the 
release sites, the maximum distance a female flew 
was 154 m. Other studies, mainly in the USA, 
have clearly shown that Ae. aegypti disperses very 
little, but the degree of dispersal will depend on 
local environmental conditions, such as the pro
ximity of suitable resting places. 

SURVEILLANCE METHODS 

Aedes aegypti surveillance is one of the most 
important aspects of dengue control, but it is 
based on the assumption that there is a positive 
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correlation between vector density and human 
disease. A problem here is how to interpret sampl
ing data in terms of the epidemiology of disease. 
In other words how do you relate the numbers of 
positive ovitraps, house indices, or biting rates in 
terms of transmission risk? Other problems are 
the failure of being able to use sampling data to 
estimate accurately the relative size of vector 
populations, and for sampling to be sufficiently 
sensitive to monitor changes in mosquito popula
tion densities. Some of these problems are described 
next. 

Ovitraps: The most common surveillance, or 
sampling, methods to detect and monitor Ae. 
aegypti populations use ovitraps. A black-painted 
glass jar ovitrap was developed in 1964 for use in 
the US Ae. aegypti Eradication Program and was 
considered to be a sensitive and efficient technique 
for detecting populations, even when they were at 
low densities. Since then great variety of containers, 
such as metal cans, plastic beakers and glass jars 
of various dimensions have been used as ovitraps. 
With ovitraps the main aim is to collect eggs on 
oviposition paddles which are inserted. into the 
jars. Such paddles are usually made of hardboard 
(fiber board), but other oviposition surfaces have 
been tried including balsa wood, velour paper, 
tongue depressors, paper towels, muslin cloth 
strips, and occasionally traps have been lined with 
brown paper or cloth. In India Reuben et al 
(1977) found that a brown cloth strip placed in 
black glass jars was considerably more attractive 
to ovipositing Ae. aegypti than jars having hard
board or velour paddles. Tikasingh and Martinez 
(1983) developed a multipaddle (12) trap and 
believed it was more efficient than the normal single 
paddle trap in collecting eggs of Haemagogus 
species and Ae. aegypti. This, however, needs 
confirmation. Paddles are usually removed and 
replaced weekly, but shorter exposure periods 
overcome problems ofeggs being eaten by predators, 
and very occasionally one-day exposure periods 
have been employed (Frank and Lynn, 1982; Nayar, 
1981), but this is very labor intensive. 

Bamboo pots, sometimes called cups, and 
more rarely elongated gourds (Service, 1965), 
have also been used, mainly in Africa, to detect 
the presence of a variety of Aedes species, including 
Ae. aegypti (Service, 1993). Eggs laid in these 
gourds or pots are usually allowed to hatch and 
the larvae collected, although occasionally pots 
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are lined with paper towelling and the eggs re
covered. Harrison et al (1972) used unlined bamboo 
pots in Thailand. 

Fay and Eliason (1966) found that a single 
mosquito inspector could cover 3-5 times as large 
an area if oviposition surveys were undertaken 
instead of larval surveys, and most importantly 
the costs were halved, or even quartered. Jakob 
and Bevier (1969) reported a 17-fold decrease in 
working days when ovitraps were substituted for 
larval surveys. They, and others (Fay and Eliason, 
1966; Furlow and Young, 1970; Tanner, 1969), 
considered that ovitrap surveys were more sensitive 
than larval surveys in detecting the presence of 
Ae. aegypti. In Trinidad Chadee (1985, 1990) also 
found that ovitraps were the most sensitive sampling 
method, but as he pointed out (Chadee, 1986) 
they cannot actually identify breeding places. This 
is an important limitation if larvicidal control is to 
be undertaken. 

In contrast Nelson et al (1976) reported that in 
Jakarta, Indonesia ovitraps were less sensitive 
than larval collections or human bait collections, 
with no eggs being recovered on over two thirds of 
the sampling days, and in Bangkok Pant et al 
(quoted by Nelson et ai, 1976) also found ovitraps 
the least sensitive method for detecting low popula
tion levels of Ae. aegypti. 

Larval surveys: As already mentioned, in com
parative surveys in Jakarta larval surveys were 
considered to be more sensitive than ovitraps, and 
also better than biting collections, for monitoring 
Ae. aegypti, especially as bait catches took 12-man 
hours whereas a larval survey was accomplished 
in just 2-man hours. In Bangkok Pant et al (quoted 
by Nelson et al. 1976) found that after the town 
had been sprayed with fenitrothion adults were 
not caught until six months later, and ovitraps 
were not positive until eight months, whereas 
larvae could be collected from natural breeding 
places immediately after spraying. 

In larval surveys one or more of the following 
indices are usually calculated; - house (premise) 
index, container (receptacle) index, and the Breteau 
index. 

The house index has been most widely used, 
although increasing use is being made of the Breteau 
index. Interpretation of these indices in relation to 
epidemic risk is, however, difficult. For instance, 

there may be only a few containers with larvae but 
they may be producing very large numbers of 
adults, and in such a situation the container index 
will be low and may indicate that control is not 
needed, whereas the human population can be 
exposed to high biting densities. Several other 
indices have been employed (Service, 1993). Bang 
et al (1981) introduced the Stegomyia index, 
which is the number of positive containers per 
1,000 people. Although epidemiologically this is 
better than the Breteau index, it is difficult in 
practice to obtain because of the need to have an 
accurate human population census. 

In an attempt to relate the various indices to 
one another the World Health Organization has 
tabulated a series of density figures (1-9), derived 
from the three principal larval indices. A density 
figure of 5 is taken to indicate that the population 
size of Ae. aegypti has reached a level which repre
sents a threat ofurban transmission ofyellow fever. 
But indices of more than this have been found in 
the absence of yellow fever transmission, and 
obviously other factors apart from just vector 
density determine the likelihood of epidemics. 

Entomologists in different parts of the world 
have compared the various larval indices, but 
often reaching different conclusions about their 
value. This, however, is not surprising concerning 
the diverse nature of different areas, types of 
larval habitats and larval population levels. Un
fortunately none of the larval indices has shown a 
consistent correlation with dengue transmission 
that will allow a critical threshold value to be 
identified. 

The one-Iarva-per-container method was de
veloped for use in Thailand to enable surveys to 
be carried out throughout the country, an under
taking that would be far too time consuming with 
conventional methods of collecting several larvae 
from each container. The method has mainly been 
used in Asia, and was adopted by Hii (1979) who 
reported it was very useful in evaluating control 
measures in Malaysia. In Nigeria Bang et al (1981) 
concluded that although it did not always give the 
same results as the more classical larval sampling 
methods, it was nevertheless justified for monitor
ing larval populations on account of its speed. 

Adult biting catdtes: Aedes aegypti characteristically 
has a biting peak early in the morning and another 
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during the late afternoon, periods that in most 
situations coincide with human activity thus in
creasing the chances of mosquito-human contact. 
Fox and Specht (1988) working in Puerto Rico 
suggested that 5 minute bait catches might prove 
practical for detecting the presence of Ae. aegypti 
in areas of high density. But Tidwell et al (1990) 
stressed that there will most probably have to be 
several catching stations in any area to obtain reli
able data on changes in relative population size. 
Furthermore both Giglioli (1979) working in the 
Caribbean, and Siaff et al (1983) in the USA, con
sidered that human bait catches were inadequate 
in monitoring Ae. aegypti populations. 

In the Dominican Republic Tidwell et al (1990) 
compared the three main larval indices with a 
"female adult density index". This was defined as the 
average number of females caught in five minutes 
by two men from 25 randomly selected houses in 
different areas ofa town. They used 12 inch diameter 
sweep-nets paying particular attention to search
ing beneath tables, chairs and beds, and in cup
boards. Catches ranged from means of 1.22-15.04 
per house, but there was no significant rP.!ation
ship between these adult densities and any of the 
three larval indices, or even with the numbers of 

'eggs collected in ovitraps. They concluded that 
their results emphasized the difficulty of estimating 
adult populations from larval indices. Somewhat 
similarly in Honduras Gil-Bellorin (1991) reported 
that there was no simple association between larval 
indices in households and adult resting collections 
in houses. This is a serious limitation because it is 
the relative size of the adult population that is 
epidemiologically important, and most appropriate 
in evaluating the effectiveness of control measures. 

Light-traps, visual attraction traps and other 
traps 

Although light-traps are useful for monitoring 
arbovirus vectors such as Culex tarsalis and Cx. 
tritaeniorhynchus it is well known that they are 
generally ineffective in sampling Ae. aegypti. For 
this reason attempts have been made to develop 
visual attraction traps, such as the Fay-Prince 
trap (Fay and Prince, 1970) which is used in the 
USA, albeit with only limited success. Giglioli 
(1979) pointed out that sampling techniques for 
adult Ae. aegypti were inadequate, and partly for 
this reason and the poor performance of the Fay
Prince trap, Wilton and Kloter (1985) devised a 
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visual attraction trap that is more compact, lighter 
and more easily made than the Fay-Prince trap. It 
consists basically of an inverted CDC trap with 
the bulb removed and the plastic cylindrical body 
painted black. In trials in New Orleans, however, 
it proved to be only about as effective as the Fay
Prince trap. 

In conclusion, Giglioli is still correct, in that 
there is presently no efficient trap for monitoring 
adult Ae. aegypti. 

CONTROL 

The main purpose of Ae. aegypti control should 
be to reduce populations to a critical theshold 
level that will prevent transmission of dengue, and 
other viral diseases, and maintain it at or below 
this. In the USA such objectives have been applied 
to Cx. tarsalis, a vector of Western Equine Encep
halomyelitis (WEE) and St Louis Encephalitis 
(SLE). For example, in certain areas of California 
when there is an average of 1 or less females per 
night in light-traps, used as surveillance tools, 
there is no evidence of WEE transmission; whereas 
with a trap index of 2-6 females per night trans
mission is maintained at a low level. For SLE, 
virus activity is not detected when the trap index 
remains below 10, presumably because SLE virus 
has a less efficient maintenance cycle than WEE 
virus (Reeves and Milby, 1990). However, in 
many other instances there has been complete , 
lack of correlation between entomological indices 
and the numbers of cases of WEE and SLE (El
dridge, 1987). 

In Malaysia it has been reported that over the 
period 1973-1982 there was a good association 
between the "Ae. aegypti index"- presumably the 
house index - and the numbers of reported cases 
of dengue (Cheong, 1986). More usually, however, 
there is little or no association between entomolo
gical population parameters and dengue cases, 
and unfortunately despite all the research activit
ies focused on Ae. aegypti the threshold level has 
never been clearly defined, probably because there 
are no efficient and reliable methods of measuring 
adult population densities. Even if a critical thre
shold level was determined for a particular situation, 
it is unlikely to be universally applicable. This is 
because different geographical populations of Ae. 
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aegypti may differ in their vector competence, and 
daily survival rates of adults will also likely vary 
considerably. 

CONCLUSIONS 

During the last twenty years there has been a 
surfeit of ecological papers on mosquitos, and 
mathematically gifted biologists have increasingly 
turned their attention to modeling mosquito popu
lations. A mathematical ecologist primarily inter
ested in understanding population processes and 
dynamics of mortality will try to select an animal 
that lends itself to study. With mosquitos this usu
ally means studying container-breeders. This is 
because it is much easier to census a population 
and track cohorts through several generations 
with species breeding in small isolated habitats 
than say mosquitos colonizing diverse and ecolog
ically complex habitats, such as ricefields. So we 
would expect to have a considerable accumulation 
of reliable ecological data on Ae. aegypti, but this 
is not the case. For instance there have been few 
measurements of adult daily survival rates, and 
only one informative study on the life-budget of a 
population, that of Southwood et al (\ 972). 

Another problem is people who have modeled 
field populations of Ae. aegypti analysed popula
tion regulation and identified the theoretical stages 
on which control should aimed (eg Dye, 1984; 
y oudeowei and Service, 1983; Southwood et ai, 
1972) have no experience with control. The result 
is that entomologists trying to control and main
tain Ae. aegypti at low levels, or faced with aborting 
dengue outbreaks, have little faith in the theories 
of armchair ecologists. Field entomologists are 
exposed to the practicalities of control and often 
better appreciate the diversities and complexities 
of vector biology. They realise that theory can be 
easily upset by reality. However, despite the scep
ticism of many field workers I believe that opport
unities should be created for collaboration between 
theorists and control workers in order to test 
some of the ideas that modelers have generated. 
Anderson (1991) in a thought-provoking paper on 
the ecology of infectious diseases, acknowledges 
that field ecologists tend to underestimate the 
value of theory, because of the many simplifying 
assumptions on which models are based, but never
theless believes that even simple models can be of 
value in interpreting field data. 
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IRON STATUS OF PREGNANT FILIPINO WOMEN AS 

MEASURED BY SERUM FERRITIN 


Leah A Perlas, Miriam D Kuizon, Rosario T Tajaon and Josefina A Desnacido 

Food and Nutrition Research Institute, Department of Science and Technology, Taft Avenue, Manila, 
Philippines. 

Abstract. Iron status of pregnant women at different stages of pregnancy was evaluated by comparing 
values for hemoglobin (Hb), red cell indices, serum iron (SI), transferrin saturation (TS) and serum 
ferritin (SF) values with those of a group of non-pregnant women of comparable age and socio-economic 
status. Mean SF values on the second and third trimesters (9.3 ± 2.60 nglml and 7.1 ± 2.19 nglml) were 
significantly lower compared to that in the first trimester (22.6 ± 2.20 nglml). These levels were also lower 
than that found in the non-pregnant controls. The trend was the same for TS. Hemoglobin levels of the 
pregnant subjects were significantly lower than those of the non-pregnant women. Prevalence of iron 
deficiency based on SF < 12.0 nglml and TS < 16.0% was highest at term and lowest during the first trimester 
indicating a decrease in iron stores as pregnancy progressed. Sensitivity for each of the iron parameters 
was computed, and it was found that for the diagnosis of iron deficiency in pregnant women, SF has a 
greater sensitivity than TS, SI, MCV and MCH. 

INTRODUCTION 

Most studies on iron status of Filipino pregnant 
women were based only on hemoglobin (Hb), serum 
iron (SI), and transferrin saturation (TS) as para
meters (Marzan et aI, 1971; Kuizon et aI, 1980). 
However, these parameters become below normal 
only after iron stores have been exhausted, and no 
information is provided on the overall changes in 
iron status (Cook et aI, 1974). So far, only the 
study done by Kuison et al (1989) on a sub-sample 
of the III National Nutrition Survey subjects 
included SF as a parameter. 

There are only a few approaches that can detect 
changes in iron stores. The most precise quantitative 
proceduremakes use of phlebotomy, and another 
method measures iron absorption which varies 
inversely with iron stores (Cook and Skikne, 
1982). These procedures, however, cannot be 
applied to certain segments of the population such 
as pregnant women. 

Recently, radioimmunoassay has been applied 
in the determination of serum concentration of 
the iron storage protein, ferritin. Ferritin is found 
in almost every tissue of the body, principally the 
cytoplasm of the hepatic and reticuloendothelial 
cells. Several studies have shown that the concent

ration of serum ferritin correlates well with body 
iron stores in normal subjects (Lipschitz et aI, 
1974; Walters et aI, 1973). Studies in normal pre
gnant women have likewise shown results consistent 
with known changes in iron metablism (Kaneshige, 
1981; Ances et aI, 1979; Kuizon et aI, 1984). 

The purpose of this study was to evaluate the 
changes in the iron stores in pregnant Filipino 
women by comparing SF concentration at various 
stages of pregnancy to that of a group of non
pregnant women of comparable age and socioeco
nomic status. Transferrin saturation and red cell 
indices were also determined to compare their 
sensitivity with SF as a measure of iron status. 

MATERIALS AND METHODS 

The subjects of the study were 88 apparently 
healthy primigravidas at various stages of pregnancy 
(28 on first trimester, 30 on second trimester and 
30 on third trimester) seeking prenatal consul
tation at various Health Centers in Metro Manila 
and 25 pregnant women who were admitted for 
delivery at different government hospitals. A 
group of 29 non-pregnant women of the same age 
and socio-economic status served as controls. 
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None of the subjects had received any mineral or 
vitamin supplements prior to their inclusion in the 
study. 

Venous blood sample (about to mt) was collected 
from each subject at approximately the same time 
in the afternoon. Hemoglobin (lCSH, 1978a) and 
other red cell indices were determined immediately 
after collection. Serum samples were kept frozen 
until analyzed for SI and total iron binding capacity 
(TIBC) using methods recommended by the ICSH 
(ICSH, 1978b, 1979). Serum ferritin was determined 
by the 2-site immunoradiometric assay using a 
commercially available kit of reagents and control 
(Ramco Lab Inc, Taxas, USA). 

Routine urinalysis and stool examinations for 
intestinal parasites were also done. Dietary intake 
using one-day food recall was evaluated for ade
quacy using the Philippine RDA (SCDA, 1976). 

Student's t-test was used to determine significant 
differences between means. A log transformation 
was used for SF and TS values before statistical 
treatment. 

The sensitivity and specificity of each of the 
iron parameters were calculated to determine the 
best parameter for this particular group of subjects. 
Sensitivity was defined as the percentage of iron
deficient individuals identified by a particular test 
(a good test gives positive results in deficient sub
jects) and specificity as the percentage of individuals 
correctly identified as normal by the same test (a 
good test gives negative results in healthy sub
jects) (INACG, 1985). Sensitivity of ferritin is 
then the ability of SF to identify correctly pregnant 
women classified as anemic by Hb and iron deficient 
by TS (true positive) and specificity as the ability 
of SF to identify correctly pregnant women classi
fied as non-anemic by Hb and non-iron deficient 
by TS (true negative). 

RESULTS 

The subjects of the study were comparable in 
age with a mean of 23.9 ± 2.91 years. Routine 
urinalysis for infection and stool examination for 
intestinal parasites were all negative. 

Table I shows the mean Hb, TS, Sf and preva
lence of iron deficiency at different stages of preg
nancy. Mean SF values on the second and third 

trimester (9.3 ± 2.60 ng/ml and 7.1 ± 2.19 ng/ 
ml) were significantly lower compared to the first 
trimester (22.6 ± 2.20 ng/ml) (p < 0.001). The 
first trimester value was likewise significantly 
higher (p < 0.05) than the non-pregnant concentra
tion. A similar study by Kaneshige (1981) also 
showed higher first trimester values. This is in 
agreement with the results of a study on pregnant 
women by Kuizon et al (1989) where SF values 
also decreased as pregnancy advanced. Transferrin 
saturation levels for the second and third trimester 
pregnant as well as the non-pregnant women were 
lower compared to the first trimester values. 
Hemoglobin levels of the pregnant subjects were 
significantly lower than those of the non-pregnant 
women who were selected for the study. Except 
for SF whose concentration was lowest at delivery 
(6.3 ± 2.2 ng/ml), the hemoglobin and transferrin 
saturation values were higher compared to the 
third trimester value. 

Prevalence of iron deficiency based on SF 
« 12.0 ng/ml) was highest in samples collected 
in women at delivery (80%) and lowest during the 
first trimester (21.5%). The non-pregnant preva
lence was, however, higher (37.9'X,) than the first 
trimester value. The trend for TS was the same as 
that of the SF. Results also showed that anemia 
prevalence (Hb < 11.0 g/dl) was higher during 
the second and third trimester compared to the 
first trimester and non-pregnant prevalence. 

Table 2 shows the mean red blood cell count 
(RBC), mean corpuscular volume (MCV), mean 
corpuscular hemoglobin concentration (MCHC) 
and mean corpuscular hemoglobin (MCH) for the 
subjects. Except for RBC where values for preg

nant women were lower than for non-pregnant 
controls, the mean MCV, MCHC and MCH con
centration of the pregnant subjects were all com
parable to the non-pregnant controls. 

Results of tests for sensitivity and specificity 
for MCV, MCH, SI, TS and SF are shown in Tables 
3 and 4. Serum ferritin was found to have a sensit
ivity of 91.7% when the proportion of low SF was 
determined in anemic subjects with low TS (Table 
3). Transferrin saturation gave a sensitivity of 
50.0% when the proportion of low TS was deter
mined in anemic subjects with low SF (Table 4). 
Results of this study are in agreement with others 
(Ances el aI, 1979; Romslo et aI, 1983) who found 
that SF is the most sensitive of the iron parameters. 
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£. Table I 
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z Mean serum ferritin, hemoglobin, transferrin saturation and prevalence of below normal values in non-pregnant control subjects and in women at o 
~ different stages of pregnancy. 

~ g- Non-pregnant Pregnant women .., 
women I st trimester 2nd trimester 3rd trimester At delivery 

~ 
N n = 29 n = 28 n = 30 n = 30 n = 25 

Parameters % % % 0/0 % 
x±SD below x±SD below x±SD below x±SD below x±SD below ;;;

normal normal normal normal normal 0 z 
~Serum ferritin3, GM 14.3 ± 2.34 37.9 22.6 ± 2.20 21.4 9.3 ± 2.60* 63.3 7.1 ± 2.19* 73.3 6.3 ± 2.20*** 80.0 ..., 

(nglml) ~ 
c: 
CIl 

Hemoglobin 12.8 ± 0.95 17.2 12.0 ± 1.28** 17.8 11.4 ± 0.94*** 33.3 10.9 ± 1.32*** 36.7 11.9 ± 1.36 16.0 Z 
(gldl) 

;:<l '" 
Transferrin 22.8 ± 1.41 13.8 28.3 ± 1.30** 3.6 21.4 ± 1.40 20.0 19.1 ± 1.40* 20.0 20.8 ± 1.47 32.0 Cl 

m 

saturation2 , GM (%) :> 
z 
z..., 
~ 
0 
a::

Significance from non-pregnant value: * p < 0.05 m 
** P < 0.01 

Z 

*** P < 0.001 
I Hemoglobin: Pregnant < 11.0 g/dl (INACG, 1985) 

Non-pregnant < 12.0 g/dl (INACG, 1985) 

2Transferrin saturation < 16.0% (lNACG, 1985) 

3Serum ferritin < 12.0 ng/ml (lNACG, 1985) 
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Table 2 

Mean RBC, MCV, MCHC and MCH in non-pregnant control subjects and women at different stages of 
preqnancy. 

Non-pregnant Pregnant women 
women I st trimester 2nd trimester 3rd trimester At delivery 
n = 29 n = 28 n = 30 n = 30 n = 25 

RBC (106) 4.22 ± 0.28 4.00 ± 0040 3.85 ± 0.30 3.69 ± 0045 3.76 ± 0040 
MCV (fl) 90 ± 2.66 90 ± 2.79 88 ± 2.51 90 ± 2.88 98 ± 6.10 
MCHC 34 ± 1.05 33 ± 1.28 33 ± lAO 33 ± 1.26 32 ± 1.47 
MCH (pg) 30 ± 0.80 30 ± 0.96 30 ± 1.01 30 ± 1.14 32 ± 1.65 

Table 3 

Distribution of laboratory values according to range of hemoglobin and transferrin saturation. 

Hemoglobin 
< 11.0 gldl 	 > 11.0 gldl 

Iron parameters Transferrin saturation 
< 16.0'Yo > 16.0% < 16.0'10 > 16.0'l;', 

n 	 % n n n % 

SF 	 < 12 nglml II 91.7 II 55.0 9 90.0 36 48.6 
< 12 	 8.3 9 45.0 I 10.0 38 51.4 

SI 	 < 60 Jlgldl 0 0 0 0 2 20.0 0 0 
< 60 12 100.0 20 100.0 8 80.0 71 100.0 

MCV 	 < 80 fl 0 0 0 0 0 0 0 0 
< 80 12 100.0 20 100.0 10 100.0 71 100.0 

MCH 	 < 27 pg 0 0 0 0 0 0 0 0 
< 27 12 100.0 20 100.0 10 100.0 71 100.0 

Sensitivity is the fraction of anemic subjects with low TS identified as abnormal and specificity is the fraction of 
non-anemic subjects with normal TS identified as normal. 

and ascorbic acid intake of the subjects. The mean
Contrary to the findings of Hershko et at (1981) 

iron intake of the non-pregnant and pregnant sub
MCV, MCH, and SI all had low sensitivities. Results 

jects were 11.0 ± 6.75 mg and 10.0 ± 6.35 mg 
for specificity test showed that serum ferritin levels 

respectively, while ascorbic acid intake were 29.7 
were normal in 5104%, of subjects with normal Hb 

± 34.31 mg and 49.8 ± 53.52 mg also for the 
and TS levels. 

pregnant and non-pregnant subjects, respectively. 
Table 5 shows the mean iron, protein, energy The mean intake of iron met only 55.6% of the 
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Table 4 


Distribution of laboratory values according to range of hemoglobin and serum ferritin. 


Hemoglobin 
< 11.0 g/dl > 11.0 g/dl 

Iron parameters Serum Ferritin 
< 	12.0 ng/ml > 12.0 ng/ml < 12.0 ng/ml > 12.0 ng/ml 

n % n 0/0 n % n % 

TS 	 < 16 % II 50.0 I 10.0 9 20.0 I 2.8 
< 16 11 50.0 9 90.0 36 80.0 35 97.2 

SI 	 < 60 Ilg/dl 0 0 0 0 2 4.4 0 0 
< 60 22 100.0 10 100.0 43 95.6 36 100.0 

MCV 	 < 80 fl 0 0 0 0 0 0 0 0 
< 80 22 100.0 10 100.0 45 100.0 36 100.0 

MCH 	 < 27 pg 0 0 0 0 0 0 0 0 
<27 22 100.0 10 100.0 45 100.0 36 100.0 

Table 5 

Mean energy, protein, iron and ascorbic acid intake of the subjects. 

Non-pregnant Pregnant women 
women 1 st trimester 2nd trimester 3rd trimester 

x ± S D % RDA x ± S D % RDA x ± S D % RDA x ± S D % RDA 

Energy (kcal) 1359 ±498.69 70.4 1418 ± 620.97 61.6 1447 ± 547.32 65.4 1505 ± 426.53 64.2 
Protein (g) 51.58 ± 25.00 95.2 49.4 ± 26.16 74.0 50.1 ± 17.39 74.5 57.1 ± 83.95 83.9 
Iron (mg) 11.00 ± 6.75 61.1 8.3 ± 3.48 45.9 9.9 ± 5.19 55.1 ll.8 ± 8.96 65.9 
Ascorbic acid (mg) 29.7 ± 34.31 41.7 53.6 ± 61.78 44.8 46.0 ± 57.48 39.4 49.9 ± 41.30 43.2 

DISCUSSION 

The hemoglobin concentration of the pregnant 
subjects in this study followed th physiological 

RDA of 18.0 mg/day for Filipino women during pattern which is expected as normal pregnancy 
the childbearing years. The ascorbic acid intake progresses. During normal pregnancy, the total 
met 76.6% of the RDA of 70 mg for the first tri erythrocyte volume increqses without the stimulus 
mester and 39.9% for the second and third trimester of extra iron, but the relatively greater increase in 
which has a higher RDA of 120 mg/day. Similar plasma volume causes the concentration of hemo
results for iron and ascorbic acid intakes were globin to fall as much as 2 g/dl (Hall, 1974; Lind 
reported by Villavieja et al (1989). et ai, 1975). 
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The higher SF concentration of the first trimester 
pregnant women compared to the non-pregnant 
controls may be attributed to the reduced iron 
requirement since there is a temporary cessation 
of menstruation and the amount of iron transferred 
to the fetus is still minimal. From the beginning of 
the second trimester, there is a major expansion in 
the maternal red cell mass which continues until 
the third trimester (INACG, 1978). During this 
period iron is transported to the developing fetus, 
therefore maternal body iron stores are expected 
to decline and a state of latent iron deficiency is 
manifested (Kaneshige, 1981). This was reflected 
in the highly significant difference in the mean 
ferritin level during the second and third from the 
first trimester concentration. 

About 8% of the anemic subjects with low TS 
were not identified by SF. An increase in SF con
centration has been shown to occur in the presence 
of certain disorders such as infection, chronic dis
ease and liver disease (Lipschitz et aI, 1974). How
ever, our subjects have no overt signs and symptoms 
of clinical diseases. In a study in India, normal SF 
values in the face of low TS and anemia was attri
buted to concurrent occult infections which was 
reported not unlikely in anemic women (Kunar, 
1989). The presence of low SF in 48.6% of non
anemic subjects with normal TS is due to the fact 
that in the first stage of iron deficiency where both 
Hb and TS are still normal, SF is already depleted. 
In these subjects, there was sufficient iron for 
erythropoiesis but no stored surplus (Derman et 
aI, 1978). Thus, the results in specificity should be 
interpreted with due consideration that these 
parameters measure different stages of iron defici
ency. Inspite of the low specificity of SF shown 
here it should not be concluded that it is not a 
good parameter. Dallman (1982) and Cook and 
Skikne (1982) even considered low SF as more 
specific since there is no condition other than iron 
deficiency in which it is reduced to very low levels. 
In contrast, SI and TS will rapidly fall in response 
to fever, infection and inflammation. Another 
parameter, the erythrocyte protoporphyrin (EP), 
is elevated not only in iron deficiency but also in 
lead poisoning in addition to the above conditions. 
Thus, these authors even recommended using SF 
in addition to TS and FEP to distinguish iron 
deficiency from other causes. 

The zero sensitivity ofMCV and MCH supports 
the findings of Taylor and Lind (1976). Pregnancy 

induces a slight increase in red cell size and this 
may explain why microcytosis may not be found 
in pregnant women in whom there is other evidence 
of iron deficiency. 

Assuming that I ng ferritin/ml serum is equi
valent to 10 mg storage iron (INACG, 1978), the 
first trimester pregnant subjects had 226 mg iron 
stores. The second and third trimester groups in 
this study already had depleted stores since serum 
ferritin concentration below 12 nglml indicates 
exhausted body stores (INACG, 1978). Even with 
an increased rate of iron absorption during preg
nancy, the intake of this particular group would 
not be able to meet the amount required for the 
entire duration of pregnancy. The iron as well as 
the ascorbic acid intake, which is known to be 
an enhancer of iron absorption were below the 
recommended dietary allowance for Filipinos 
(SCDA, 1976). 

About 500 mg storage iron is needed for preg
nancy (INACG, 1978), and less than half of this is 
present in the first trimester subjects. Our results 
indicate that at the start of pregnancy, iron supple
mentation should be considered since pregnant 
subjects already had exhausted stores as shown by 
their very low serum ferritin c{)ncentration. Previous 
studies have shown that infants born to mothers 
with depleted iron stores had lower serum ferritin 
levels indicating that the iron supply to the fetus is 
reduced in maternal iron deficiency (Kaneshige, 
1981; Ances et af, 1979; Kuizon et aI, 1984). 
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THE PREVALENCE OF THE INDIRECT HEMAGGLUTINATION 
TEST FOR MELIOIDOSIS IN CHILDREN IN AN ENDEMIC AREA 

Punthip Charoenwong l , Pagakrong Lumbiganon I and Supaporn Puapermpoonsiri2 

I Department of Pediatrics, 2Department of Pathology, Faculty of Medicine, Khon Kaen University, Khon 
Kaen 40002 Thailand. 

Abstract The indirect hemaglutination test for melioidosis was studied in 295 children who live in the 
northeastern part of Thailand. Sixty-seven children (22.7%) were healthy children who came to the well 
baby clinic. Two hundred and twenty-eight chilldren (77.3%) came to the hospital because of some illnesses 
other than melioidosis. Eighty-three percent of the children had an IHA titer of at least I: 10 or greater. 
Twenty-two percent had an IHA titer of 1 :80 or greater. The prevalence of positive IHA titer and the 
mean titer were higher in the older age group. The age of children should be considered when interpreting 
IHA titer for milioidosis. ' 

INTRODUCTION 

Melioidosis, an infection caused by Pseudomonas 
pseudomallei is endemic in Southeast Asia and 
northern Australia (Howe et ai, 1971). The disease 
can occur in all age groups. The clinical manifesta
tions include septicemia and localized infection 
which can involve almost every organ and can 
mimic many other diseases. Apart from bacteri
ological culture which is the definite diagnosis, 
some serological methods have been utilized to 
provide rapid and presumptive evidence of infection 
(Alexander et ai, 1970). The simplest and most 
widely used serological test is the indirect hemag
glutination antibody test (IRA) (Nigg, 1963). 

A study of United States soldiers in Vietnam 
indicated that the test was highly specific and 
sensitive (Alexander et ai, 1970). In endemic areas 
the background prevalence of antibodies in the 
population was as high as 47% in one study, so the 
test should be interpreted carefully (Khupulsup et 
ai, 1986). The interpretation of the IHA test in 
children is even more difficult because most of the 
serological survey studies were done in adults. 
Whether a background prevalence of antibodies is 
also present in children of different age groups is 
not known. 

The purpose of this study is to determine the 
prevalence of IHA antibody for melioidosis in 

Correspondence to : Pagakrong Lumbiganon, Depart
ment of Pediatri,cs, Faculty of Medicine, Khon Kaen 
University, Khon Kaen 40002, Thailand. 

children who live in the northeastern part of Thai
land where melioidosis is endemic. 

MATERIALS AND METHODS 

Children age 0 to 15 years old, who came to the 
Department of Pediatrics, Srinagarind Hospital, 
Khon Kaen University, Khon Kaen during March
June, 1988 were enroled into the study. There 
were 2 groups of subjects. The first_group was 
healthy children (}-18 months of age who attended 
the well baby clinic for routine immunization and 
at that time were enroled in either the hepatitis B 
vaccine or rubella vaccine trial projects. The 
blood samples drawn from these children were' 
also tested by IHA for melioidosis. The other 
group of children were those aged 0 to 15 year-old 
who were admitted to the hospital due to various 
illnesses. The exclusion criterion was patients who 
were diagnosed as melioidosis by bacteriological 
culture results. 

Data collection of both groups of children 
included age, sex, parents' occupation, source of 
utility and drinking water. The medical history 
and physical examination of children in the first 
group were done by the investigators (PC, PL). 
The same information including the bacteriological 
culture results of the second group were obtained 
from the medical records. History of previous illness 
within I year, immunosuppressive therapy and 
blood or blood products administration within 3 
months were also noted. 
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The IHA test for melioidosis was performed by 
the method described by Khupulsup et at (1986). 
In brief, melioidin antigen was prepared from 25 
strains of locally isolated P. pseudomallei. These 
strains were cultured in glycine broth at 37°C for 2 
weeks before an autoclaved extraction. Melioidin 
antigen were diluted to the optimal concentration 
and coated on to sheep red blood cells (SRBC). 
To determine the IHA titer, serum was first inacti
vated at 56°C for 30 minutes and non-specific anti
body was absorbed by non sensitized SRBC. A 
0.05 ml aliquots of serial 2-fold dilutions of absorbed 
serum starting from I: 10 were mixed in U-tube 
microtiter plates with equal volumes of the sensitized 
SRBC. The IHA titer were read after the mixture 
was left at room temperature for 2 hours. Positive 
and negative controls were also included. 

The statistics used were Chi-square or Fisher's 
exact test and simple regression analysis as required. 

RESULTS 

Two hundred and ninety-five children were 
enroled in the study. There were 172 males and 
123 females. The ages ranged from I day to 15 
years old. The mean age was 66 months. Fifty per
cent of the children lived in Khon Kaen Province. 
The remainder were from other provinces in the 
northeastern part of Thailand. Parents of 105 
children (40.9%) were farmers. Fifty-one percent 
of the parents obtained their drinking water from 
natural sources eg rain water, digging wells, river, 
etc. Nineteen percent of them usually drank tap 
water. The sources of utility water were from 
digging wells, ditches and rivers in sixty-two percent 
while the rest used tap water. 

There were 67 children (22.7%) in the first group. 
All were in good health as judged by history and 
physical examination. The second group comprised 
228 (77.3%) children who had various illnesses 
(Table 1). Twenty-two percent and 17% of the 
children had previously received blood or blood 
products transfusion and immunosuppressive 
agents, respectively. 

The distribution of IHA antibody titers in 295 
children is shown in Table 2. Ninety-eight children 
(17%) had non detectable IHA antibody to melio
idosis. Two hundred and 46 children (83%) had 
IHA antibody titers ranging from I: 10 to 1 :640. 
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Table I 

Diagnosis of 228 hospitalized children*. 

Disease No. % 

Hematologic disease 97 
and malignancy 

Infectious disease 53 
Neurological disease 37 
Cardiovascular disease 11 
Gastrointestinal disease 8 
Respiratory disease 7 
Urological disease 5 
Miscellaneous 24 

* Some children had more than I diagnosis 

Table 3 shows the number of children in each age 
group who had IHA antibody titers::: I :80. None 
of the 12 neonates had IHA antibody titers::: 1:80. 
Children aged 1-11 months old, 1-4 years old, 5-9 
years old and 10-15 years old had IHA antibody 
titers of ::: I :80 in 5%, 23%, 24% and 36%, respect
ively. The means and standard deviations of titers 
of children in each age group are shown in Table 
3. The mean titers and the percentages of children 
who had titers ::: I :80 were higher in older children 
with statistically significant differences (p < 0.05). 

Table 4 shows the number of children who had 
an IHA titer of < I :80 and ::: 1 :80 according 
to the presence or absence of underlying diseases 
(tumor, hematologic diseases and malignancy), 
previous immunosuppressive therapy and blood 
or blood product administration during the past 3 
months, There were no statistically significant 
associations between these factors and titers of < 
1:80 and ;::: 1:80 (p > 0.05). 

Fifty out of 65 children who had IHA antibody 
titers for melioidosis :.::: 1 :80 were followed-up. 
The duration of follow-up ranged from 3 days to 8 
months. Eight children were in the first group, all 
were healthy at the time of follow-up. Forty-two 
children were in the second study group. Forty of 
them had no signs or symptoms suggestive of 
melioidosis. Two children died. The first one, who 
had an IHA titer of I:160, was an II year-old boy 
who presented with bronchiectasis and pneumonia. 
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Table 2 

The distribution of IHA antibody titer for melioidosis in children of different age groups. 

Age 	 IHA antibody titer for melioidosis 

1:10 1:20 1:40 1:80 1:160 1:320 1:640 No +lNo tested 
('~.q 

0-29 days I 2112 (16.7) 
I-II months 8 4 7 I 21/39 (53.8) 
1-4 years 35 35 12 22 5 110/124 (88.7) 
5-9 years 13 18 20 II 5 I 69/174 (93.2) 
10-15 years 7 11 9 9 5 2 44/46 (95.7) 

Total 64 68 49 43 15 2 5 2461295 

Table 3 

Mean IHA titer, standard deviation, number of children who had titer 2: I :80 classified according to age 
groups. 

Age 	 Mean titer* Standard No. titer 2: I :80/Total no.(%)** 

(loglo) deviation 


1-20 days 0.2168 0.5224 0/12 (0) 
I-II months 0.7469 0.7691 2139 (5) 
1-4 year 1.2537 0.5843 28/124 (23) 
5-9 year 1.4287 0.5493 18174 (24) 
10-15 year 1.5651 0.5763 17/46 (36) 

* Simple regression analysis, p < 0.05 
** Chi-square test, p < 0.05 

DISCUSSIONHe died despite treatment with penicillin, cloxacillin 
and gentamicin. The second patient, who had an 

In an endemic area, the cut off titer of IHAIHA titer of I :640, was a I 112 month-old boy 
who came to the hospital with high fever, lethargy antibody for melioidosis at 2: I :80 is reported to 

have the specificity and sensitivity of 95% and and abdominal distention for 5 days. On admission 
he had cardiorespiratory arrest and circulatory 70%, respectively (Puapermpoonsiri et aI, 1989). 

failure. He died 6 hours after admission. The In our study only 2 out of 12 neonates had detec
table IHA titers of I: 10 and I :40. None had titers blood cultures of these 2 patients did not grow 

any organism. .2: I :80. A study of IHA antibody for melioidosis 
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Table 4 


Children who had IHA titer < I :80 and > I :80 classified according to various associated factors. 


Associated factors 

Underlying diseases: Yes 
No 

Immunosuppressive therapy: Yes 
No 

Blood and lor blood product 
administration : 

Yes 
No 

Chi-square test, p > 0.05 

of cord bloods from southern Thailand showed 
that all cord bloods had titers < 1:20 (Appassakij 
et ai, 1990). Children under 1 year of age rarely 
had IHA titers ~ 1 :80 (5%). Children over 1 
years old had increasing positive IHA titers with 
titer 2. I:80 in 23-36%. This may reflect increasing 
exposure to the organisms which are abandant in 
soil and water in this area. The age of children 
might be an important factor when interpreting 
IHA titer. While other diagnostic approaches 
such as P. pseudomallei 'antigen detection are 
under investigation (Wongratanacheewin et al 
1990), the IHA antibody test is still the only widely 
used serological method available. Further studies 
of larger numbers of healthy children in both 
endemic and non-endemic areas are needed in 
order to evaluate the prevalence of IHA antibody 
for P. pseudomallei in children. 

Our study had some limitations, in that 77.3% 
of children studied had some kind of illness and 
many children had received immunosuppressive 
agents or blood and blood product transfusion. 
Whether these factors might interfere with the 
result of the IHA titer remains to be studied, but 
in our study there were no statistically significant 
associations between these factors and the IHA 
titer. 

IHA titer 

< 1:80 > 1:80 

184 58 
57 10 

37 II 
188 53 

53 8 
171 51 
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