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Sociocultural vectors and the evolution of
virulence in diarrheal pathogens affecting
Micronesian populations

VINCENT P. Dieco’

Abstract

Infectious diseases have significantly affected the course of
human history and evolution. Conversely, human populations
have also significantly affected the evolutionary trajectories
of their pathogens. This paper focuses on the effect of
Micronesian populations on the evolution of the virulence of
diarrheal pathogens. It is
argued that the evolution of
diarrheal pathogens may be
most affected by the socio-
cultural characteristics of hu-
man populations. Sociocul-
tural phenomena such asur-
banization and water and
waste management, if un-
checked for the former and
inadequate for the latter, not
only contribute to the preva-
lence of diarrheal diseases
but may select for, in an
evolutionary sense, the in-
creased virulence of di-
arrheal pathogens. Prelimi-
nary analysis of historical and
contemporary data on the mortality and morbidity of di-
arrheal diseases suggest that this is the case for Micronesian
societies.

Introduction

“Itis likely that epidemics will continue to occur in the future.
Changes in human social behavior and customs will continue
to provide opportunities for microbes to produce unexpected
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It is argued that the evolution of
diarrheal pathogens may be most
affected by the sociocultural
characteristics of human
populations. ... such as
urbanization and water and waste
management, if unchecked ... not
only contribute to the prevalence
of diarrheal diseases but may
select for, in an evolutionary
sense, the increased virulence of
diarrheal pathogens.
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epidemics. We must be aware of the possible consequences
of altering our behavior individually and as a society. Further-
more, science cannot halt the future occurrence of ‘new’
microbes. These emerge from the evolutionary stream as a
consequence of genetic events and selective pressures that
favor the ‘new’ over the ‘old’.” R. M. Krause (1992)

AsBurnetand White (1972)" have cogently argued, studies
on the ecological context of infectious diseases need to be
carried out to provide baseline information for the design of
prevention and control measures.? The complementary view
oflong-standing is that studies on the evolutionary dynamics
of infectious diseases need to be carried out just as urgently
for precisely the same reason.>* Evolutionary studies, how-
ever, | have an additional motivation. By understanding how
pathogens evolve in general, and in response to human
activities, we can adopt an
informed proactive stance
with regard to the preven-
tion and control of mutant
pathogens that are not yet
present.’-'?

Hypotheses on the effect
of a few sociocultural at-
tributes of Micronesian
populations on the evolu-
tion of the virulence of in-
fectious pathogens are pre-
sented below. The focus of
this  paper is on
gastrointestinal pathogens
thatcause diarrheal diseases
including cholera. These
bacterial pathogens include Escherichia coli, Salmonella spp.,
Shigella spp. and Vibrio cholerae. Diarrhea is still a leading
cause of infant mortality and morbidity worldwide' and
continues to ravage the populations of Micronesia.'*?' Stud-
ies on the evolutionary ecology of diarrheal disease are
therefore urgently needed.?

Moreover, environmental research shows that potentially
pathogenic microorganisms are abundant in the environ-
ment. Evidence is accumulating in favor of the view that
marine and brackish waters may act as reservoirs of diarrheal
pathogens.?>-2% It has also been shown that soils may be
important reservoirs of Salmonella.?*3' These findings are
important to the nations and territories of Micronesia be-
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Table 1. Extent of the seventh cholera El Tor pandemic in Micronesia

compared to the New World

Place of outbreak Date Mode of transmission  Total reported cases
Guam (69, 70)* 1974-1986 Foodborne 23
Kiribati (71) 1977 Waterborne (major) 579
Micronesia Nauru (72) 1978 Person-to-Person (?) 87
Chuuk (73-75) 1982-1984  Foodborne 2,426
Total* 3,115
United States (76) 1991-1994 not given 185
New World Latin America (76) 1991-1994 Waterborne/Foodborne 1,061,008
Total (76) 1991-1994 1,061,193

* References in brackets.

** Underreporting is probably more of a problem in Micronesia than in the New World when one considers the
distances between affected islands. For instance, for the year 1982, the epidemic “on” Chuuk involved four western
outer islands, Moen and nine of the 17 islands in Chuuk lagoon, which represents an east-west span of about 180
miles of ocean.77 Doubtless, there were logistical problems for both the health workers and the afflicted. Further, it
should be noted that all of the societies of Micronesia, excluding Guam and Nauru, are composed of muttiple
islands. There are thus many more islands that have not been “sampled’, which may indicate underreporting

throughout.

cause marine and brackish waters are pervasive aspects of life
throughout the region (e.g. coral reefs, lagoons, water lens
and estuaries), as are, of course, soils. Therefore, the risk of
diarrheal disease is accordingly pervasive.

The theoretical and empirical background for the proposals
made in this paper are sketched below. This will include
discussions on human behavioral ecology, on infectious
diseases, and on the evolutionary ecology of pathogens.

Human behavioral ecology,
demography and infectious disease

Human populations affect their potential and hosted patho-
gens largely through their manifested behaviors and sociocul-
tural attributes.’>*' Although behavior at both the individual
and population level affects the epidemiological profile of
disease, the focus of this paper will be on the effect of
population-level behaviors.*> The effect of humans on
disease patterns has been called the ‘human factor’, which
can be divided into a demographic and a behavioral compo-
nent.® For the sake of simplicity, the synergy between the
components of demography and human behavior will be
referred to as 'macrosociological phenomena'.

Macrosociological phenomena (like migrations, wars and
technological innovations that significantly improve life) tend
to have a huge impact on the emergence of diseases.”*"*
Throughouthistory, as cities reached critical densities, due for
example to technological innovation (e.g. agriculture) or
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migration, both the kinds and severity of infectious diseases
affecting themincreased.”®-*° Indeed, ithas been argued that
the emergence of ‘new’ diseases in response to
macrosociological phenomena has been a dominant theme
in human evolution.”'

In modern times the process continues unabated, with new
diseases constantly arising and old diseases re-emerging due
largely to the evolution of widespread antibiotic resistance.>?-
% Macrosociological phenomena like urbanization (espe-
cially including migration towards urban areas) create ideal
situations for the emergence (and/or re-emergence) and
proliferation of infectious disease.’”-¢' The effects of urbani-
zation®? and migration®’ on the prevalence and distribution of
infectious diseases are well known in Micronesia. Migration
towards urban areas has two effects: 1) potentially introduc-
ing pathogens not present in the receiving population and,
more importantly, 2} increasing the population density of the
receiving population and thus, both the diversity of patho-
gens that may be supported and the severity of disease. The
processis socommon thatcities have beenlikened to vectors
in the sense that they act not only as reservoirs of disease-
causing agents, but also aid in their amplification and dissemi-
nation.®*

International travel is another macrosociological phenom-
enon with a profound effect on the distribution, emergence
and evolution of disease.®® International travel increases the
‘connectedness’ between sodieties. Thus, with frequent
international travel, diseases afflicting one society at a far
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corner of the globe have the potential to affect other distant
societies. A recent illustration of this process is the seventh
cholera pandemic, which started in Indonesia in 1961 and,
through bilge waterin boats, was transported to Peruin 1991,
which subsequently spread inland and then all the way to the
USASe 67 | ooking at just the New World, the number of
people affected by cholera from 1991 to 1994 is enormous:
more than 1,000,000 reported cases and 10,000 reported
deaths, thes enumbers reflecting only a fraction of the actual
cases®® (see Table 1). Micronesian societies also suffered
from this pandemic — for most cases the causative agentwas
verified microbiologically as Vibrio cholerae (El Tor biotype)
— and, not surprisingly, the outbreaks that occurred in
Micronesia originated either from travelers or imported
seafood (see Table 1). These examplesillustrate the profound
effect that international travel can have on the distribution
and emergence of infectious disease.

The evolutionary ecology of
pathogens: theoretical aspects

The interaction between humans and their pathogens is
dynamic on ecological and evolutionary timescales.”®® The
dynamics of the evolution of the transmission and virulence
of pathogens are complicated but the implications of such
phenomena are straightforward. The relationship between
the reproductive rate of the pathogen transmission and its
virulence can be expressed as follows:

BN

RO
o+ p+ o)

where R is the reproductive rate of the microparasite® (and
a proxy for its Darwinian fitness®™ 82), B is the transmission
coefficient, N is the total host population size, o is the
disease-induced host mortality rate, 1 is the per capita host
mortality rate from all other causes, and v(at) is the recovery
rate.®> The product BN is simply the rate of transmission or
rate at which infected individuals infect susceptibles. Viru-
lence (for which a is a measure) may be defined as the
amount of harm caused to the host or the reproductive rate
within hosts. For many infectious diseases, virulence and
transmission are functionally coupled - that is, virulence
determinants tend to aid pathogens in the transmission and
colonization process.®*-% Largely because of this functional
coupling, a microparasite may not evolve towards complete
avirulence (o — 0).87-%

The total reproductive rate of microparasites (R ) is depend-
ent upon the interplay of the microparasite’s propensity to
reproduce inside its host and its ability to be transmitted to
new hosts. Becoming too virulent may compromise transmis-
sion by killing hosts too quickly or incapacitating hosts,
thereby decreasing the total reproductive rate, whereas
becoming too benign is achieved at the expense of the
within-host reproductive rate and factors aiding transmis-
sion, which would also decrease the total reproductive rate.
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All things being equal, microparasites thus evolve to interme-
diate levels of virulence which maximizes their within-host
reproductive rate and among-host transmission.*" %2

Moreover, if conditions for the microparasite change such
that transmission is more efficient and/or the population
density of susceptible hosts increases then the upper-level
onvirulenceincreases.”** Thereasoningisthatmicroparasites
that reproduce faster than others will come to predominate
if the cost of prolific reproduction is reduced, even temporar-
ily. Eventually, microparasites are expected to evolve to-
wards decreased levels of virulence due to feedback mecha-
nisms.?>-%7 The models that predict an eventual declinein the
virulence of pathogens focus on longer timescales that allow
for the postulated feedback mechanisms to work. Initially,
however, virulent forms that have higher within-host repro-
ductive rates will be favored over less virulent forms. This is
the ‘expanding epidemic’ hypothesis which proposes that
natural selection will favor those forms most rapidly transmit-
ted during the epidemic phase of a disease.®® %

In sum, changes in the mode of transmission (see discus-
sion below on works by Ewald) and density of hosts are both
crucial factors in the evolution of infectious pathogens.

The evolutionary ecology of
pathogens: empirical aspects

The evidence that the virulence of pathogens evolves
comes in at least two forms:
1. retrospective studies analyzing epidemiological data,
2. population and molecular genetic studies of pathogenic
bacteria.

The evolution of antibiotic resistanceis notconsidered here
because antibiotic resistance, although contributing to prob-
lems in the control of pathogens, does notdirectlyimpinge on
virulence.'® The demonstration that antibiotic resistance
evolves rapidly in response to the strong selective pressure of
antibiotic misuse'®'-'%5, however, supports the idea that
pathogens may evolve rapidly in general. Itis useful to start
by first discussing the molecular and population genetic
studies and then move on to the retrospective studies.

Molecular and population genetic evidence
for the evolution of virulence

This sub-section will make the following points:
1. for any trait to evolve there must be genetic variation for
that trait;
pathogenic bacteria exhibit several genetic mechanisms
that produce the requisite variation for evolution via
natural selection;
the environmentharbors a considerable number of clones®
1% of pathogenic bacteria that exhibit high interclonal
variation in virulence; and

4. outbreaks have been traced to such distinct clones.
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For any trait to evolve via natural selection, there must be
genetic variation for the trait and the trait must somehow
affect the survival and/or reproduction of individuals.'7- 198 [f
there is variation for a trait then those variants that are most
successful at contributing to the next generation will come to
predominate increasingly in successive generations. Bacteria
have several well known mechanisms for the production of
genetic variation, hence they satisfy the first criterion for
evolution via natural selection. All that the second criterion
specifies is that a trait that has a genetically diversified source
impinges on survival and/or reproduction. Thus, if there is
genetic variation for virulence, and different levels of viru-
lence affect survival and/or reproduction differently, then
virulence properties will evolve.

It has been found that natural populations of pathogenic
bacteria (including E. coli, Salmonella spp., Shigella spp. and
Vibrio cholerae) are clonal and that these clones exhibit
extensive interclonal variation.'®-'"2  Molecular epidemio-
logical analyses reveal that pathogens responsible for out-
breaks often belong to distinct clones with unique combina-
tionsofvirulence genes. Further, outbreaks due to‘emerged
pathogens’ are often associated with changes in their respec-
tive environments.''* '3 Taken together, these studies sup-
port the idea that the virulence of pathogens may rapidly
evolvein response to changesin the pathogen’s environment-.

In the nextsub-section, evidence in support of theidea that
virulence affects the survival and/or reproduction of patho-
gens is briefly reviewed.

Retrospective studies on the evolution of
virulence

Documentation of the evolution of virulence has been
provided largely through the efforts of one man, P. W.
Ewald."® For instance, he found that pathogens that are

transmitted to new hosts by arthropod vectors, such as
mosquitos, are more virulent than those transmitted without.
Thisis asignificantfind because itdemonstrates thatwhen the
transmission of pathogens is rendered independent of host-
mobility, and therefore the degree to which the host may be
immobilized, the upper level on virulence is free to in-
crease.''” In the lingo of evolutionary biclogy, the fitness cost
of prolific reproduction is reduced and those pathogens that
are able to reproduce at relatively high rates will be favored
by natural selection over those that continue to reproduce at
lower rates; that is, in the context of vectorial transport,
virulent genotypes have a high fitness and less virulent
genotypes have a low fitness.

Ewald provided another demonstration of the above proc-
ess, one whichwhichis more relevantto the problem athand.
He demonstrated that certain sociocultural characteristics of
humans may act as vectors of disease and therefore mimic the
process exhibited by arthropod-borne diseases. He defined
cultural vectors as follows:

“Specifically, I define cultural vector to be a set of character-
istics that allow transmission from immobilized hosts to
susceptibles when at least one of the characteristics is some
aspect of human culture. | use the term ‘culture’ in the
broadest sense to encompass any aspect or product of human
activity that is passed on nongenetically from person to person.
A cultural vector can transport: (1) the pathogens from the
infected individual to susceptibles, (2) the infected individual
to susceptibles, or (3) susceptibles to infecteds.”

Perhaps the most convincing demonstration of the cultural
vector hypothesis is the effect of man’s use of water on the
virulence of diarrheal pathogens. Indeed, waterborne trans-
mission of diarrheal pathogens is more efficient than non-
waterborne transmission and, in the case of diarrheal disease,
the only alternatives are to be foodborne or spread by

Table 2. Virulence and waterborne transmission of diarrheal diseases

Mortality per infection Waterborne
Pathogen (%) (%)
Vibrio cholerae, classical biotype 15.2 83.3
Shigella dysentariae, type 1 7.5 80.0
Salmonelta typhi 6.2 74.0
Vibrio cholerae, el tor biotype 1.42 50.0
Shigella flexneri 1.35 48.3
Shigella sonnei 0.45 27.8
Enterotoxigenic Escherichia coli <01 20.0
Campylobacter jejuni <0.1 10.7
Nontyphoid Salmonella <0.1 1.6
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person-to-person contact.''® Waterborne transmission is
more efficient to the pathogen than foodbome transmission
or person-to-person contact because the former is inde-
pendent of host mobility whereas the latter two depend
strongly on the mobility and activity of the host. By being
rendered independent of host mobility, constraints on the
range of virulence of such pathogens cease and thenceforth,
pathogens are free to evolve to higher levels of virulence. The
cultural vector hypothesis thus yields the prediction “... that
the virulence of diarrheal pathogens should be positively
correlated with their tendencies for waterborne transmis-
sion”." in a comprehensive review of the literature on
diarrheal diseases, Ewald'?® demonstrated a robust associa-
tion between virulence and tendencies for waterborne trans-
mission (see Table 2)'?' ; mortality is significantly correlated
with the degree of waterborne transmission, p < 0.01,
Spearman rank test). The degree of waterborne transmission
was arrived at by simply determining the percentage of
outbreaks reviewed that were classified as waterborne rela-
tive to other modes of transmission.

Hypotheses, materials and
methods

The cultural vector hypothesis proposes that certain ‘cul-
tural’ characteristics of humans may allow for more efficient
transmission of pathogens. A prediction of the hypothesis is
that virulence should increase as a function of the degree to
which pathogens are transmitted through water; that is,
pathogens taking a waterborne route should evolve to higher
levels of virulence than pathogens not taking a water-borne
route. The hypothesis may be stated more formally as
follows:

H,;: Those diarrheal pathogens transmitted through a
waterborne mechanism should be more virulent than
those transmitted through a non-waterborne mecha-
nism.

To test this hypothesis, percent mortality per infection will
be used as a measure of virulence as in Ewald (1991a).° The
relevant literature will be reviewed for epidemiological data
regarding number of cases, mortality and mode of transmis-
sion and the relation between percent mortality and mode of
transmission will be determined statistically, also as in Ewald
(1991a)."6

As mentioned previously, urbanization may affect the
evolution of pathogens by increasing the population density
of hosts. Increasing the density of hosts may act to have an
effecton pathogen virulence similar to the effect ofincreasing
the efficacy of transmission. This hypothesis may be stated
more explicitly as follows:

H:

;- The virulence of diarrheal pathogens should be posi-

tively correlated with urbanization.

To test this hypothesis, the virulence of diarrheal pathogens
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from urban and rural areas willbe compared to see if diarrheal
pathogens are more virulent in urban than in rural settings.
This is similar to the approach taken by several investigators
to determine the effect of urbanization on the prevalence of
dengue'?? and the emergence of non-communicable dis-
eases'?> 124 in the Pacific.

Urbanization may be related to the efficacy of medical care
and/or sanitary conditions; that is, as urbanization increases
then medical care and/or sanitary conditions may become
betterand better. Hence, percent mortality perinfection may
not be a good indicator of virulence without consideration of
appropriate covariates (see below). Consider the hypotheti-
cal scenario in which a pathogen actually does become more
and more virulent over time and the medical care of the
affected population becomes better and better. In such a
case, it may happen that percent mortality perinfection does
not increase. In the case of waterborne vs. foodborne
transmission, percentage mortality per infection may well be
agoodindicator of virulence because there is no goodreason
to expect a priori that the mode of transmission would be
related to medical care. Using public health reports, in any
event, may not allow for another measure. Thus, for the
urbanization hypothesis, percent mortality per infection may
be the only viable proxy that can be used as a measure of
virulence. Studies on the effect of urbanization on infectious
disease patterns are suggestive of an overall pattern that
would be amenable to the use of percent mortality as a
measure of the virulence of diarrheal pathogens. [twas stated
in one study that “[{]nfantand child malnutrition and diarrhoea
seem to be more frequent and severe in urban centres
compared to traditional rural populations.”'?* According to
recent papers on child health and mortality in the Pacific, this
pattern continues today in several urban centers throughout
the Pacific.?% 1% |n the next section some preliminary analy-
ses of the patterns of gastrointestinal disease in Micronesia
are presented.

Patterns of gastrointestinal disease
in Micronesia: a preliminary
assessment

The full extent of the historical impact of diarrheal diseases
on mortality rates throughout Micronesia will never be
known due to a paucity of reporting. A few reports, however,
offer some insight into the historical incidence patterns of
gastrointestinal disease.

At the turn of the century, and extending to the end of
World War |l sanitary conditions were poor on the island of
Guam and outbreaks of waterborne diseases were com-
mon.'28-13" A brief quotation from Thompson'*° gives anidea
of what the conditions were like:

“Except for leprosy, however, no facilities were provided for
the isolation and control of communicable diseases until the
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Table 3. Outbreaks in Micronesia of gastrointestinal disease resulting in mortality

Place of Mortality per
outbreak Year Disease Total cases / deaths infection %
Guam 1922 (131)* Typhoid — Salmonella sp. 28/8 28.6
1923 (131) Shigellosis — Shigella sp. 150/40 31.3
1924 (131) Shigellosis — Shigella sp. 239/29 121
1935 (130) Shigellosis — Shigella sp. 193/ 21 10.9
1936 (130) Shigellosis — Shigella sp. 270/32 1.9
1936 (130) Typhoid — Salmonella sp. 1872 111
1937 (130) Typhoid — Salmonella sp. 77124 31.2
Marshalls 1907 (132) Dysentary — causative agent unknown 150 deaths 77?
1908 (132) Dysentary — causative agent unknown 400 deaths M
1977 (135) Shigellosis — Shigella sp. 10 deaths 7
Kiribati 1977 (71) Cholera - Vibrio cholerae (El Tor) 571178 14
Chuuk 1982-1984 (74,75)  Cholera — Vibrio cholerae (El Tor) 2,426120 0.82

* References in brackets

end of the pre-war period [referring to World War Il]. For
example, an effective latrine system was not installed either in
Agaiia [the capital of Guam] or the outlying villages until 1938,
appropriations for the systematic control of tuberculosis were
notobtained until the same year, and the Agania water supply
which menaced the health of the town’s growing popula-
tion and took an annual toll through dysentary epidemics,
was not chlorinated until 1941 ... ” (bold added by author)

Save for the problems attributable to demographic factors,
the situation with regard to the prevalence of diarrheal
disease was similar throughout the rest of Micronesia.'*? For
instance, the Marshali Islands suffered dysentary epidemics
that took many lives (see Table 3). The outbreaks listed on
Table 3 occurred on Guam, Chuuk, Kiribati and the Marshall
Islands. Guamisa volcanic highisland, Chuuk Stateis a group
of islands of an ‘almost atoll, and neighboring atolls, and
Kiribati and the Marshall Islands are groups of atolls. As
disparate as these island environments may seem, the out-
breaks thatoccurred on eachisland orisland group may have
something in common. It may be that as people became
concentrated in certain areas, the risk of epidemics of di-
arrheal and other communicable diseases increase. Moreo-
ver, the lack of adequate infrastructure including sewer and
water~purification systems'? would have compounded the
problem. For example, the 1924 epidemic on Guam started
along the Agafia river and spread southward."** This is not
surprising, as Agafia was the most populous area at the time
and the Agaia River was known to be contaminated with
diarrheal pathogens.”® Given the poor sanitary conditions
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and densely packed living quarters in Agafia'?, it is tempting
to speculate that Agaia spawned and/or fueled mostifnotall
of the outbreaks that occurred on Guam. The data required
to determine whether or notthis was the case, however, were
not recorded.!*®

Compared to Ewald’s estimates of percent mortality per
infection (see Table 2), the percent mortality per infection for
Micronesian epidemics (see Table 3) are much higher save for
the 1977 cholera epidemic that occurred on Kiribati and the
cholera epidemic that occurred on Chuuk. If, for argument’s
sake, the Guamanian epidemics were spawned and/or fueled
by the conditions in pre-war Agafa, then this would explain
their particularly high virulence. Itis perhaps more surprising
that more outbreaks did not occur. The high mortality
suffered during the Marshall Islands epidemics may be ex-
plained by the presence of similar conditions. The compara-
tively lesser virulence of the cholera pathogen responsible for
the Chuuk epidemic is consistent with the observation that
foodborne transmission was an important mode of transmis-
sion'* whereas waterborne transmission was more impor-
tant for the Kiribati epidemic'*. This is also consistent with
the findings that the other cholera outbreaks in Micronesia
(see Table 1) did not result in any mortality and were
predominantly transmitted through foodborne or person-
to-person mechanisms.™!

Another pattern can be gleaned from Tables 1 and 3. This
has to do with the observation that the various societies in
Micronesia are at different points along the epidemiological
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Figure 1. Distribution of cases of diarrhea in Micronesia, 1994

1000

Reported cases of diarrhe

Data was compiled from the South Pacific Epidemiological and
Health Information Services (SPEHIS).

transition.’*? 43 Of the societies in Micronesia listed in Table
1, Guam has a morbidity/mortality profile that indicates
transition to the Age of Degenerative Diseases, whereas
Kiribati and the FSM are impacted predominantly by infec-
tious diseases. Nauruans suffer high mortality but this is due
to non-communicable diseases (a ‘modernized’ pattern).
The overall pattern is upheld for the cholera pandemic as
Guam and Nauru had fewer cases and no mortality, whereas
Kiribati and Chuuk State (FSM) had the lion’s share of
reported cases and mortality. This compares with the ex-
pected situation in the New World when one compares the
USA to Latin America.'**

Some indication of the sub-contemporary distribution of
diarrheal diseases throughout Micronesia was gained from
consulting circulars from the South Pacific Commission’s
South Pacific Epidemiology and Health Information Services
(SPEHIS)."*>  Kiribati seems to be adversely afflicted, with
diarrheal diseases the FSM, Marshall Islands and Palau mod-
erately afflicted and the Commonwealth of the Northern
Islands Marianas least afflicted (see Figure 1). In this respect,
the severity of affliction of diarrheal diseases throughout
Micronesia shows a considerable degree of agreement with
the rankings according to infant mortality rates, as reportedin
a recent review.'*¢ The pattern here differs, however, from
that derived from infant mortality rates. The FSM, Marshall
Islands and Palau are moderately afflicted with diarrheal
disease and their respective morbidities are not significantly
different from each other (see Figure 1) whereas, according
to infant mortality rate, the three exhibit distinctly different
rates.
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Month

Month  Kiribati Marshallls. FSM  Palau CNMI
Jan 721 NR 346 26 10
Feb 732 NR 257 41 4
Mar NR NR 267 46 14
Apr 856 NR 229 53 9
May 648 NR 425 69 7
Jun 1130 105 358 61 29
Jul 2028 154 380 53 0
Aug 1045 42 256 25 0
Sep NR 81 184 55 4
Oct 817 84 209 55 2
Nov 745 90 210 85 4
Dec 646 140 163 40 3

For the remainder of this section | focus on the pattern of
diarrheal disease in Kiribati. As of 1994, the people of Kiribati
suffer from diarrheal diseases to a greater extent than the
people of Micronesia in general (see Figure 1). A preliminary
assessment of the pattern of diarrheal disease in Micronesia
should therefore focus on the parameters promoting the
greater prevalence of diarrhea in Kiribati than elsewhere in
Micronesia. Here, | focus on one parameter: rainfall.

This variable was chosen because a study on Guam'’
found a significant correlation between rainfall and monthly
reported cases of diarrhea, suggesting that rainfall may be
important elsewhere. The authors of the above-mentioned
study proposed that mud (that may have been contaminated
with Salmonella pathogens) tracked into households through
the soles of shoes would generally be more prevalent during
periods of rain. As we shall see below, while rain may be
important, it is for a different reason.
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Figure 2. Reported cases of diarrhea in Kiribati. 1992 - 1995
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+  Data was compiled as in Figure 1 for the years 1992-1995.

+  The years 1992 and 1995 were incomplete, as indicated by the
dashed lines in the table. The years 1993 and 1994 were
complete,

» For a number of months the Republic of Kiribati did not give a
reportto to SPEHIS, as indicated by NR (not reported). Thus, the
calculated monthly means were determined over the course ofthe
four year period from 1992 to 1995 but, as can be seen, only one
month has data for all four years (August). The means here are
therefore to be taken with a ‘grain of salt' aithough, however, the
monthiy means do not differ significantly from 1994 (F-test, p =
0.218).

*+ Mean monthly rainfall in inches was taken from Karolle's Atlas of
Micronesia, 2nd ed.

To assess whether rainfall has a role in Kiribati, the correla-
tion between the means of monthly reported cases of
diarrhea (determined over a four year span - see Figure 2),
and rainfall measured in mean inches per month was tested.
Rainfall and the reported cases of diarrhea were found to be
somewhat negatively correlated, but not significantly so (r =
-0.422, ns; see Figure 2).

Further, the peak for reported cases of diarrhea, July and
August, overlaps with that part of the year when rainfall is
lowest, June to November (see Figure 2). This pattern is
similar to that for the 1977 cholera epidemic which occurred
in September of that year. [t was noted that “[m]oderately
heavy rains, following a period of relatively little rainfall, were
experienced several months prior to the cholera outbreak (p.
682)".1® “Several months prior to” are the key words here, as
the peakin rainfall occurs several months prior to the peak in
reported cases of diarrheal disease in present-day Kiribati
(see Figure 2).

Jun

Jul Aug Sep Oct Nov Dec

Month
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No. of reported cases of diarrhea

Mean Rainfail

Month 1992 1993 1994 1995  (1992-95) (inches)

Jan - NR 21 647 684 13
Feb - NR 732 565 649 85
Mar 951 NR 794 677 807 9
Apr 971 NR 856 NR 914 6.5
May 1244 NR 648 NR 946 55
Jun NR NR 1130 804 967 5
Jul NR 753 2028 3111 1964 6
Aug 5162 1105 1045 1292 2151 45
Sep 1261 958 931 - 1050 44
Oct 1105 825 817 - 916 4
Nov 1004 970 745 - 906 45
Dec NR 919 646 - 783 75

This contrasts with the significant positive correlation for
rainfalland monthly reported cases of salmonellosisin Guam. '
The difference between Guam and Kiribati with regard to the
relationship between rainfall and diarrheal disease probably
has to do with the disparate ecologies, ways of using water
and ways of getting rid of waste. Guam, being a high island
with an attached limestone plateau, has at least two natural
sources of fresh water - a water lens in the north and rivers
in the south. For some time now, Guam has enjoyed modern,
and for the most part reliable, water-purification and sewer
systems. On the other hand, the people of Kiribati have only
one source of water, this being the water lens, which is
supplemented with man-made water-catchment systems.'>
Further, their water systems are constantly subjected to high
levels of pollution.™!
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A possible scenario is that during that part of the year when
it rains the most, the people in Kiribati collect water in, and
draw preferentially from, water-catchmentsystems. Then, as
the rains become less and less, people start drawing water
derived from the water lens. This may explain why the peak
in diarrheal diseases occurs during that part of the year when
itrains the least. Thisis consistent with findings that the water
lens and lagoons of densely populated atolls are consistently
polluted.’5 153

Prospectus

It is well known that migration, urbanization and inad-
equate water and sewer systems contribute much to the
prevalence of infectious diseases. This has been established
time and again for many societies all over the world. Evolu-
tionary theory would take these facts one step further to
suggest that macrosociological phenomena also contribute
much to the evolution of infectious diseases:

1. migration and urbanization, through the concentration of
hosts and the amplification of pathogens;

inadequate water and sewer systems, through an in-
crease in the efficiency of transmission of pathogens, and
a decoupling of pathogen transport from host mobility.

[tis argued that these conditions select for (in the evolution-
ary sense) increased virulence.

The available data are so far consistent with the cultural
vector hypothesis of Ewald (1991a''®). The epidemics of
diarrhea that occurred in Micronesia early in this century
were particularly devastating asjudged by modern standards.

Why were these epidemics so devastating? An evolution-
ary explanation is offered here, viz. that when conditions
permit, virulent genotypes are favored by natural selection.
From the perspective of diarrheal pathogens, during the early
part of this century, conditions were indeed permissive. From
the human perspective, sanitary conditions were deplorable,
modern medical treatment was generally lacking and
populations were densely packed. Even considering the
effect of underreporting, Micronesia is fortunate that more
epidemics of diarrheal disease did not occur. Unfortunately,
as suggested by morbidity data, the conditions that promote
the evolution of virulent pathogens still existin some contem-
porary Micronesian societies.

Micronesian societies find themselves at different points
along the epidemiological transition. Some societies are now
in the Age of Degenerative Diseases while others are still
struggling with infectious diseases. Yet, because of the
increased ‘connectedness’ between societies, all societies
are at risk of infectious diseases. It is not enough to under-
stand what factors promote the persistence of infectious
diseases; it would seem that infectious diseases will always
accompany human societies, no matter what we do.'* 1%
The goal then is to understand what factors promote the
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evolution and emergence of virulent forms."*® By under-
standing this, we may someday be able to design policies that
will effectively guard against not only currently virulent forms
but forms that emerge from the evolutionary stream.
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Endnotes

Anderson and May (1991)” make a useful distinction between
microparasites and macroparasites. Microparasites include
protozoan, bacterial and viral pathogens whereas
macroparasites include multicellular pathogens such as
helminths. The distinction is necessary because the reproduc-
tive rates and life cycles of both groups differ substantially.
Therefore, the R equation given in the text applies only to
microparasites.

Clones belong to an individual lineage of, in this case, bacteria
derived from a common ancestor. The term ‘clonal’ means
that genetic recombination occurs at a low frequency even
though both mechanisms for such recombination and other
clones to recombine with exist. Such populations are thus
strongly influenced by natural selection.’%

One school of thought dichotomizes the roles of ecological
and evolutionary processes and, further, argues that ecologi-
cal processes are mostimportantin regard to the emergence
of infectious diseases.>7® While ecological processes prob-
ably do have the more potent effect in the emergence of
infectious diseases, we should push on and ask questions on
how the traits of such emergent populations of disease~
causing agents may evolve.
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