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ABSTRACT The possible influence of seasonal variations in rainfall, resource 
availability, and morbidity on immune function and nutritional status was exam- 
ined in a longitudinal study of 54 nomadic Turkana children, 6 months to 10 years 
of age. The highly seasonal nature of rainfall in the arid semidesert environment 
of the Turkana District, northwestern Kenya, was associated with varying levels 
of animal milk production and meat and blood consumption. Despite significant 
seasonal variation in rainfall and food availability, the nutritional status of Tur- 
kana children, assessed through various anthropometric indicators, showed only 
moderate, if any, decline in the dry season. Rather, the data indicated that Tur- 
kana children suffer from chronic mild-to-moderate malnutrition. In addition, 
analyses of cellular immunocompetence of the children, recognized to be a func- 
tional index of nutritional status, revealed extremely high levels of immunosup- 
pression year-round. Significant monthly variation in the levels of acute respira- 
tory and gastrointestinal infections among children were found, although 
averages across seasons were not significantly different and did not correspond 
with fluctuations in rainfall or resource availability. Instead, periodic spikes in 
the prevalence of morbidity occurred against an already high level of infectious 
endemicity. The results indicate that food availability is not likely to be the sole 
determinant of nutritional status and that infection may be an important contrib- 
utor to the high levels of nutritional and immunological stress among nomadic 
Turkana children. o 1995 Wiley-Liss, Inc 

Seasonal fluctuations in nutritional sta- 
tus are important factors influencing the 
growth and well-being of children, particu- 
larly in populations with a high prevalence 
of mild-to-moderate undernutrition (Chen 
et al., 1979; Billewicz and McGregor, 1982; 
Brown et  al., 1982). Acute nutritional depri- 
vation is associated with elevated risk of 
morbidity and mortality, immunosuppres- 
sion? and impaired mental development 
(Martorell and Ho, 1984; Martorell et al., 
1992). Seasonal elevations of dietary and 
disease stresses are of particular interest 
since such fluctuations may precipitate the 
development of severe malnutrition among 
marginally malnourished children. Conse- 
quently, seasonal climatic variation may 

represent a significant risk factor in terms 
of child health and survival. 

Repeated annual cycles of variation in nu- 
tritional status that  are synchronized with 
patterns of rainfall have been documented 
in numerous populations throughout tropi- 
cal and subtropical zones, although the ob- 
served patterns vary. In many regions in- 
habited by agriculturalists, the rainy season 
is accompanied by food shortages, increased 
labor demands, and a high prevalence of 
gastrointestinal infection. Consequently, 
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this period is associated with both weight 
loss in adults and reduced body mass and 
growth in children (Chen et al., 1979; Trow- 
bridge and Newton, 1979; Billewicz and Mc- 
Gregor, 1982; Brown ct al., 1982; Pagezy 
and Hauspie, 1985; Huss-Ashmore and 
Goodman, 1988; Cole, 1993). Conversely, in 
arid or semiarid savannah regions exploited 
by pastoralists, the critical period in terms 
of adult and child nutritional status is most 
frequently the dry season, characterized by 
reduced milk production, high temperatures 
and aridity, and increased energy expendi- 
ture associated with pasturing and watering 
herd animals (Loutan and Lamotte, 1984; 
Galvin, 1985; Hilderbrand, 1985; Lindtjorn 
et al., 1993). Given the diverse ecological 
and cultural contexts of such populations, 
the environmental stresses and behavioral 
adaptations influencing nutritional status 
would be expected to vary widely and would 
likely be mediated by multiple proximate bi- 
ological determinants (Mosley and Chen, 
1984). 

As emphasized by Chen et a1.(1979), nu- 
tritional status of children is determined not 
only by food availability, but also by food- 
related behaviors such as breastfeeding pat- 
terns and intrahousehold food distribution. 
In addition, numerous studies have docu- 
mented the importance of infection, with 
seasonal patterns of' occurrence, as an im- 
portant, occasionally predominating deter- 
minant of nutritional status (Mata et al., 
1972; Martorell et al., 1975; Rowland et al., 
1977; Chen et al., 1979; Baumgartner and 
Pollitt, 1983; Tomkins, 1993). Furthermore, 
periods of nutritional stress are associated 
with increased susceptibility to and viru- 
lence of infectious disease. The increase in 
frequency and severity of infection is be- 
lieved to be caused principally by suppres- 
sion of the immune response, particularly 
cell-mediated immunity (CMI) (Koster et al., 
1987). Several studies have confirmed that 
CMI function is readily impaired by even 
minor alterations in dietary adequacy as 
well as by infection (Smythe et al., 1971; 
Ziegler and Ziegler, 1975; Kauffman et al., 
1976). Therefore, dramatic seasonal fluctu- 
ations in the level of nutritional and disease 
stress may severely affect the health and 
survival of children. 

The purpose of this report is to identify 
the magnitude of seasonal fluctuations in 
health, immunocompetence, and nutritional 
status among nomadic Turkana children. 

Using longitudinal data, this study at- 
tempts to delineate whether fluctuations in 
food supply and infectious morbidity corre- 
spond to variations in immunocompetence 
and nutritional well-being in children. 
Given that the environment which the Tur- 
kana inhabit is characterized by extreme 
seasonality in rainfall, it is hypothesized 
that food supplies, and consequently nutri- 
tional status and immune function, decline 
dramatically throughout the dry season. At 
the same time, morbidity from infectious 
disease is expected to increase as a result of 
deteriorated nutritional status and in- 
creased nutrition-related immunosuppres- 
sion. Because of the difficulties in prospec- 
tively studying highly mobile populations 
inhabiting harsh and sparsely populated re- 
gions, relatively little is known about the 
magnitude of seasonal fluctuations in 
health and nutritional status in nomadic 
pastoralist populations. Although the topic 
of seasonality has in recent years received 
an increasing amount of attention (Huss- 
Ashmore et al., 1988; Ulijaszek and Strick- 
land, 1993), this issue is of central concern 
for nomadic pastoralists since their subsis- 
tence strategy is designed to exploit mar- 
ginal and unpredictable environments. Fur- 
thermore, given that the settlement of 
pastoralist populatons is a major tenet of 
international dryland policy, arguing that 
sedentarization will result in nutritional 
and health benefits for the populations con- 
cerned (Fratkin, 1991; Galaty and Bonte, 
1991), baseline information on the health 
status of traditional nomadic pastoralists is 
required to evaluate the impact of' develop- 
ment efforts. The results identify the extent 
to which the dry season in Turkana is a crit- 
ical period, in terms of child health and de- 
velopment, and outline the potential impli- 
cations of seasonality for intervention and 
health care development programs in this 
region. 

STUDY POPULATION: THE TURKANA 
The Turkana are a tribe of traditional no- 

madic pastoralists, numbering -200,000, 
who inhabit the arid semidesert region of 
northwestern Kenya. This study has 
evolved from previous research (Little and 
Leslie, 1990) focusing on one territorial sub- 
section, the Ngisonyoka, who inhabit a 
southern region of the Turkana district bor- 
dered by the Turkwel and Kerio rivers on 
the north, west and east and the Turkana 
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district border on the south (Fig. 1). The re- 
gion is one of the harshest and least produc- 
tive areas of East Africa, characterized by 
extreme heat and wind, aridity, periodic 
drought, and serious endemic diseases. 
Rainfall is <300 mm per year and typically 
follows a bimodal pattern, with peaks in Oc- 
tober to November (short rains) and April to 
May (long rains) (Galvin, 1985). However, 
the spatial and temporal distribution of 
rainfall is highly variable, and droughts are 
common. 

The Turkana exploit this highly seasonal 
region by herding mixed stock, including 
camel, cattle, goats, sheep and donkey. To 
accommodate the different foraging and wa- 
tering needs of each species, complex herd- 
ing strategies, involving high mobility and 
herd fission and fusion based on species and 
production, are employed (McCabe et al., 
1988). In the wet season, when forage and 
water are available in sufficient quantities, 
families and their herds congregate in 
neighborhoods or grazing associations 
called akakars and break up and become 
highly dispersed during the dry season. Be- 
cause of the reliance on herd animals for 
subsistence, the demography of livestock 
and humans is closely linked. 

The Turkana live in polygynous family 
units known as ltgawei (s. awi), which are 
highly mobile and flexible in composition. 
Household members typically include a 
head herdowner, his wives, their sons and 
unmarried daughters, and possibly other ex- 
tended family members such as half or full 
siblings and widowed parents. The house- 
hold composition, however, frequently 
changes in an attempt to balance labor de- 
mands of herding with household consump- 
tion levels (Shell-Duncan, 1994a). Physi- 
cally, the awi is a circular compound 
comprised of corrals, huts, and wind-breaks. 
Each woman with children has her own day- 
hut (ekol), which is the focus of social and 
domestic activities such as sewing, crafting 
vessels, and cooking. All residents of the awi 
are members of a particular woman’s day- 
hut and are allocated food from that wom- 
an’s resources. Each woman is indepen- 
dently responsible for fetching firewood and 
water and milking the animals assigned to 
her. Although milking animals may be bor- 
rowed, milk and milk products are rarely 
shared by women within the household 
(Galvin, 1985). 

Nomadic Turkana are entirely dependent 
on their herds for subsistence, either di- 
rectly from animal products or indirectly 
from animals exchanged for farm goods. An- 
imal products of milk, blood, and meat com- 
prise up to 80% of caloric intake, with milk 
contributing the major portion (Galvin, 
1985). Consequently, dietary protein intake 
is adequate, although energy intake is very 
low. Because of the significant contribution 
of milk to total energy intake, the dry sea- 
son, characterized by a dramatic reduction 
in the number of lactating animals and a 
decline in the quantity of milk production 
per head, is often a period of caloric deficit 
for many individuals. As milk availability 
decreases, energy intake is supplemented by 
an increased consumption of meat and 
blood, and farm products such as maize- 
meal, sugar, and millet, acquired from the 
sale of stock. These foods do not, however, 
entirely compensate for reduced milk avail- 
ability, and seasonal declines in energy in- 
take are found (Galvin, 1985). In an attempt 
to cope with reductions in food availability, 
the Turkana employ several behavioral 
strategies, such as reducing activity levels 
in the dry season, thereby lowering energy 
expenditure and altering intrahousehold 
food distribution, with preferential feeding 
of children. Despite these efforts, the Tur- 
kana suffer from chronic hypocaloric stress, 
with increases in caloric deficit in the dry 
season (Galvin, 1985). 

Fluctuations in food availability may be a 
determinant of high infant and juvenile 
mortality rates among nomadic Turkana. 
Direct estimates of mortality are unavail- 
able since accurate data on survivorship are 
difficult to obtain. Deaths are frequently un- 
derreported because of recall error and, 
more importantly, because of the painful na- 
ture of discussing children who have died. 
However, indirect measures suggest infant 
and juvenile mortality rates are very high, 
with estimates ranging between 25% and 
36% (Brainard et al., 1986; Leslie 1988). El- 
evated nutritional stress during the dry sea- 
son has been suggested as a possible deter- 
minant of high mortality (Brainard, 19861, 
and seasonal patterns of mortality may, in 
turn, contribute to monthly variation in 
birth rates. Whereas seasonality in vital 
event is found in almost all populations, the 
critical feature in Turkana is that climatic 
factors may be so strong as to be central in 
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determining the level and pattern of mortal- 
ity, nutrition, and disease. 

MATERIALS AND METHODS 
Subjects 

The data are from a 12-month longitudi- 
nal study of biological and sociocultural de- 
terminants of infant and childhood morbid- 
ity and mortality. Beginning in February 
1990, children and mothers from 15 no- 
madic families from the Ngisonyoka territo- 
rial subsection of the Turkana, ranging in 
size from 6 to 52 persons, were recruited to 
participate in one component of the study 
involving repeated assessment of nutri- 
tional status, morbidity, immune function, 
and resource availability over eight rounds 
of observation. Clusters of families from four 
different adakars (neighborhoods) were se- 
lected at the start of the rainy season. They 
are representative of the Ngisonyoka terri- 
torial subsection in terms of family size and 
composition, livestock holdings, and ties to 
the settled sector of the population. In all, 82 
children between 6 months and 10 years of 
age were recruited, although there was 
some loss to follow-up because of migration 
to inaccessible regions. Fifty-four children 
were present for at least five of the first 
seven rounds of observation. Information on 
nutrition, health, and resource availability 
was collected from 37 mothers. 

Anthropometric data 
Nutritional status of the children and 

their mothers was assessed by examination 
for clinical signs of undernutrition (Jelliffe, 
1966), and by anthropometry, including 
midupper arm circumference (MUAC), 
weight, and stature or length. All measure- 
ments were taken by a single observer using 
the techniques described by Jelliffe and Jel- 
liffe (1989). MUAC was measured to the 
nearest mm with a plastic insertion tape. 
Stature was measured to the nearest mm 
with an anthropometer while subjects stood 
on a platform; recumbent length was re- 
corded for subjects under -24 months of 
age. Using a Health-o-meter beam scale, or a 
hanging weighing scale for infants, weight 
was measured to the nearest quarter pound 
and converted to kilograms. To assure qual- 
ity of data, scales were routinely calibrated 
against known weights, and repeated mea- 
sures were used to estimate measurement 
error. The standard deviation of single 

length and weight measurements were 0.56 
cm and 0.31 kg, respectively, and the stan- 
dard deviation for MUAC was 0.1 1 cm. Nude 
weight was easily obtained for small chil- 
dren, who wear little, if any, clothing. How- 
ever, older children and women wear cloth- 
ing and jewelry weighing up to several 
pounds. Each subject’s apparel was noted at 
the time of measurement, and nude weight 
was estimated by deducting amounts of test 
weights of clothing and jewelry. To allow 
comparison of the anthropometry to refer- 
ence data, ages were estimated through the 
use of an event history calendar established 
by Little and Leslie (1990). Because the Tur- 
kana have named annual seasons, which 
have been matched with seasonal and an- 
nual rainfall for over a decade (Little and 
Leslie, 1990), it is possible to pinpoint birth- 
dates of young children with a high degree of 
accuracy for a nonliterate population with 
no system of birth registration. In addition, 
age estimates were verified by the ranking 
of children relative to one another, as well as 
to other children throughout the commu- 
nity, and by interviewing researchers and 
field assistants present in the study area at 
the time of birth of some subjects. 

Morbidity data 
Following the initial assessment of nutri- 

tional status in each round, approximate 
weekly reports of morbidity were collected 
for each child. Turkana classifications of 
symptoms and illness and traditional heal- 
ing methods described by Shelley (1985) 
were used to interview women about the 
health history of their children. The number 
of episodes and duration were recorded for 
illness falling into one of seven disease cate- 
gories: acute respiratory infection, gastroen- 
teritis, eye infection, skin infection, malaria, 
unspecified fever, and other. Gastrointesti- 
nal infection was identified by the presence 
of three or more liquid stools per day, with or 
without vomiting. The length of each epi- 
sode was defined as the number of consecu- 
tive days of diarrhea with no more than one 
interposed day lacking a liquid or semiliquid 
stool. Initially, any symptom of the upper or 
lower respiratory tract was defined as “res- 
piratory illness.” However, since these 
symptoms were chronic in many subjects, 
efforts were made to identify moderate and 
severe acute infections. An acute respiratory 
infection (ARI) was identified through 



B. SHELL-DUNCAN 344 

symptoms of cough, rapid breathing, and fe- 
ver. Each episode was separated by a mini- 
mal interval of 48 hours during which ac- 
companying fever and body aches subsided. 
This method admittedly underestimates the 
true incidence rate of ARI since some severe 
infections are afebrile. Malaria was identi- 
fied by the presence of fever and chills, vom- 
iting, and liver and/or spleen enlargement. 
When symptoms of illness in each category 
were reported as ongoing at the time of in- 
terview, subjects were examined to confirm 
reported symptoms. Of reported malaria at- 
tacks, 62% were confirmed by thin smear, 
and 87% were accompanied by hepatome- 
galy or splenomegaly. The mother's impres- 
sion of fever did not involve the use of a 
thermometer; examination of 38 subjects de- 
scribed as "hot" showed that 92% had body 
temperatures >100.5"F. For ethical rea- 
sons, minor first aid and oral rehydration 
therapy were provided for subjects when ill, 
thereby possibly influencing the duration of 
some disease episodes. In addition, profes- 
sional medical treatment was sought for two 
subjects at the request of the investigator. 
No subjects died during the study period. 

Progressively fewer bouts of illness were 
reported over longer time spans. This was 
interpreted to represent underreporting due 
to memory loss. To determine the maximum 
interval with adequate recall of health his- 
tory, a subset of 18 subjects were examined 
daily, and their mothers were interviewed 
after 7-, lo-, 14-, 20-, and 30-day intervals. 
During recall periods of 10 days or less, the 
number of disease episodes and the number 
of days ill were underreported by 5.1% and 
12.2%, respectively. In intervals >10 days, 
underreporting rates rose dramatically, 
with attack rates underreported by 52% and 
number of days ill by 61% at 30 days. There- 
fore, only data from 10-day maximum inter- 
vals are presented. 

lmmunocompetence 
Cell-mediated immunity (CMI) of children 

was assessed at two time periods, April and 
September, providing measures of immuno- 
competence in both the wet and dry seasons, 
respectively. CMI was measured by delayed- 
type hypersensitivity (DTH) testing, a pro- 
cedure that involves the intradermal injec- 
tion of test-recall antigens, which when 
reacting with T-lymphocytes, produces 
ervthematous induration within 24-48 

hours. Details of this test procedure have 
been previously described (Shell-Duncan, 
1993). DTH testing was conducted with the 
Multitest CMP applicator (Merieux, 
France), which consists of eight sterile tines 
preloaded with seven test antigens and a 
glycerin negative control. Five of these anti- 
gens (Streptococcus, tuberculin, Candida, 
Trichophyton, and Proteus) and the glycerin 
control were administered to the taut volar 
surface of the forearm and allowed to re- 
main on the skin surface for 3 minutes. The 
resulting induration was read at  48 hours 
with calipers measuring the diameter in mm 
in two perpendicular directions. The mean 
induration for each antigen was recorded, 
and the sum was reported as the cumulative 
induration size. In conformity with earlier 
studies, induration sies of <2 mm are inter- 
preted as negative (anergic) ( h i k e r  et al., 
1984). A total of 106 tests were adminis- 
tered, with repeat testing of 42 children. No 
child had ever been vaccinated, and none of 
the subjects suffered systemic reactions or 
exhibited a positive response to the glycerin 
control. The test antigens were stored 
between 2" and 8"C, and to  assure potency, 
two applicators were tested on control sub- 
jects prior to each round of testing. All tests 
were administered and read by the investi- 
gator. 

Resource data 
At the outset of each round, mothers were 

interviewed regarding resources available 
over the preceding 30-day interval, includ- 
ing the number of milking animals, the fre- 
quency of bleeding animals, the number of 
animals slaughtered for meat, and the num- 
ber of stock exchanged for consumption 
goods. These measures do not capture all 
sources of food acquisition since meat and 
store-bought foods are often exchanged 
among women within and between home- 
steads, and other family members who 
slaughter, milk, or bleed animals often indi- 
vidually consume at least some of the prod- 
ucts before contributing them to the house- 
hold. It is, however, assumed that these 
measures are general indicators of variation 
in food availability at the household (ekol) 
level since they have been found to correlate 
with measures of energy intake (Galvin, 
1985). Data on rainfall a t  various meterolog- 
ical stations were obtained from the metero- 
logical office in Lodwar, Kenya. Estimates of 
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rainfall are averages of readings from sta- 
tions to which families were nearest each 
month. 

Analytical procedures 
The NCHS reference data (Hamill et al., 

1979) were used to compute height-for-age, 
weight-for-age, and weight-for-height, ex- 
pressed as standard deviations (Z scores) be- 
low reference values (Waterlow et al., 1977). 
This method has the advantage of having 
comparable reference limits across all indi- 
ces and at all ages. In comparison to US .  
NHANES I data (Frisancho, 1981), MUAC- 
for-age is expressed as a percentage of the 
median reference value. Whereas the use of 
international reference data may not be ap- 
propriate for the classification of nutritional 
status of Turkana children, it is useful for 
descriptive purposes, allowing contrasts of 
repeated measurements of growing children 
over a wide age range. Analyses of cross- 
sectional measures of growth by Little et al. 
(1983) have indicated that over the age 
range of 1-10 years, the shape of growth 
curves for Turkana children is similar to 
that of the reference population, although at  
somewhat lower levels. Therefore, the Z 
scores and percentage of reference medians 
for repeat measures on each individual 
would be expected to be steady in the event 
of no seasonal change. To confirm the paral- 
lelism of growth curves of Turkana and U.S. 
children, Z scores were also computed for 
weight-for-age, height-for-age, and MUAC- 
for-age children, aged 1-10 years, using an 
independent sample of 217 nomadic Tur- 
kana children as a reference (Little et al., 
1983). These data were collected in both wet 
and dry seasons and are believed to  repere- 
sent average values. It must be noted, how- 
ever, that children were not screened by 
health status, and consequently the data do 
not necessarily represent average values for 
healthy, well-nourished children. In addi- 
tion, because the Turkana reference data 
are available only for children >11 months 
of age, the sample of children for whom five 
or more repeat measures were available de- 
clined to 45. However, in the analysis of re- 
peat measures using Z scores obtained from 
both the Turkana and international refer- 
ence data, similar results were obtained, 
confirming the validity of using interna- 
tional reference data to analyze the full sam- 
ple of repeat measures collected in this 

study. Furthermore, the interaction terms 
between age and time could not be sup- 
ported in each model tested due to multicol- 
linearity, indicating the correlation between 
growth over time and age. 

Trends in variation in both direct mea- 
sures and derived anthropometric indices 
were examined for each child with an analy- 
sis of covariance model for repeat measures, 
described by Bock (1975). Using the BMDP 
statistical program (5V), missing values for 
individuals with up to two missing observa- 
tions were imputed with the Expected Maxi- 
mum Algorithm described by Little and Ru- 
bin (1987). This procedure assumes that 
missing values are “ignorable” in that miss- 
ing data mechanisms are not selective in 
terms of nutritional status. Since children 
were lost to follow-up because of logistical 
problems associated with traveling long dis- 
tances through rugged and remote terrain 
and not because of factors associated with 
food availability and nutritional status, this 
assumption is believed valid. The covariance 
structure for this ANCOVA procedure can 
be specified as compound symmetry, which 
assumes that the covariance between all 
possible pairs of repeat measures is equal, 
and consequently the covariance matrix of 
measures should have a constant diagonal 
and equal elements off the diagonal. Alter- 
natively, the covariance structure can be un- 
specified, in which case all elements of the 
covariance matrix are estimated. Since the 
underlying covariance structure for each 
model was unknown, a likelihood ratio test 
of the null hypothesis that the covariance 
matrix has compound symmetry form ver- 
sus the alternative hypothesis of unstruc- 
tured covariance was performed. This test 
statistic is obtained by taking two times the 
difference in log-likelihood under the two 
models and is distributed as x2. The preva- 
lence of malnutrition among children, de- 
fined by IMUAC-for-age and weight-for- 
height, was determined by comparing 
children to external reference data. Chil- 
dren falling below -3 s.d. in weight-for- 
height, or 75% of the reference median 
MUAC-for-age, were considered severely 
malnourished, whereas children between 
-2 and -3 s.d. in weight-for-height or be- 
tween 75% and 80% of the reference median 
MSJAC-for-age were classified as mild-to- 
moderately malnourished. The monthly pro- 
portions of children identified as malnour- 
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ished by each indicator of nutritional status 
were compared by x2 analysis. 

Using data on 42 individuals measured 
during both of two rounds of DTH testing, 
the incidence of immunosuppression is cal- 
culated as the percentage of subjects with 
cumulative indurations below 2 mm. Sea- 
sonal variation in immunocompetence was 
examined through McNamar’s test of sym- 
metry, which measures equality of change 
in one direction (anergic to not anergic) ver- 
sus the opposite direction (not anergic to  an- 
ergic). 

Summary statistics of disease occurrence 
are expressed as an incidence rate, defined 
as the ratio of disease onsets in a population 
to the sum of days of surveillance (Rothman, 
1986). The summation of time in the denom- 
inator is defined as “person-time” and can be 
expressed as a given amount of person-time, 
such as child-year (number of disease onsets 
per 365 days of observation) or child-month 
(number of disease onsets per 30 days of sur- 
veillance). In addition, information on the 
duration of illness is used to define the per- 
cent-time ill in a given amount of person- 
time. Monthly variation in the incidence of 
infectious illness is examined through anal- 
ysis of variance. 

Data on resource availability (number of 
milking animals, number of stock ex- 
changed for food, number of animals ren- 
dered for meat, and number of animals bled) 
and household (ekol) consumption are used 
to derive measures of average monthly re- 
source availability per person. Monthly lev- 
els of resource availability are compared 
through analysis of variance. 

RESULTS 
During the 12-month study period, the 

wet season occurred from February through 
April, during which time 70% of the total 
annual rainfall accumulated. A short wet 
season, which typically arrives in October or 
November, did not occur in this seasonal cy- 
cle (Figure 2). The decline in rainfall was 
accompanied by a statistically significant 
reduction in the number of milking animals 
per person (Fig. 3, top panel); this pattern is 
particularly evident in small stock 
(F = 3.27, P < .01). Several attempts were 
made to compensate for reduced milk pro- 
duction in the dry months; the rendering 
(slaughter) rate, particularly of small stock, 
progressively increased in the dry season, as 
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did the frequency of bleeding animals and 
exchanging stock for farm food (Figure 3). 

Table 1 summarizes infectious morbidity 
experienced by Turkana children. The most 
frequent categories of illness, in terms of the 
incidence and the number of days ill per 
child-year, were from acute respiratory in- 
fection, with an average of 16.64 attacks per 
child-year, and gastrointestinal infections, 
with 8.70 attacks per child-year. Although 
these figures cannot be compared directly to 
rates in other regions of the world because of 
differences in the definition of onset and ter- 
mination of disease episodes, it suffices to 
note that the occurrences are high. Although 
the incidence rate for malaria is much lower 
than that for respiratory or gastrointestinal 
infections, the severity of this disease, par- 
ticularly in young children, cannot be over- 
looked. Unfortunately, the sample size is too 
small to allow analyses of the pattern and 
impact of malarial infection. 

Monthly variations in the incidence rates 
of ARI and gastroenteritis are shown in 
Figure 4. Although there is statistically sig- 
nificant monthly variation in attack rates 
for both gastroenteritis (F = 3.01, P < .01) 
and ARI (F = 9.56, P < .Ol), these patterns 
do not correspond to variation in rainfall or 
milk availability. Interestingly, the largest 
peak in ARI occurred at the onset of the 
rainy season, although seasonal elevations 
occur most frequently in the dry season 
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Fig. 3. Monthly variation in resource availability 
among 37 Turkana mothers from February 1990 
through January 1991. 

Fig. 4. Monthly variation in morbidity among Tur- 
kana children, ages 6 months to 10 years, from February 
1990 through January 1991. 

TABLE 2. Incidence'of &?.I and gastroenteritis bv season 

ARI Gastroenteritis 

Wet season 1.74 
Early-mid dry season 1.32 
Late drv season 1.35 

.79 

.55 

.91 

'Mean number of attacks per child-month 

TABLE I .  Summary of morbidity among Turkana 
children (n = 54, total days of surveillance = 6287) 

Mean number 
Mean number of days 

of attacks ill per 
Category of illness per child-year child-year 

Acute respiratory 16.64 

Gastroenteritis 8.70 
Eve infection 5.65 

infection 
64.3 

25.9 
27.4 

sicin infection 3.79 17.0 
Malaria 1.44 6.4 
Unspecified fever 1.39 4.0 

(Tomkins, 1993). This pattern may be at- 
tributable to the increased crowding of peo- 
ple in huts during the rains and more fre- 

quent social gatherings of families. Two 
additional peaks occurred, one in the mid 
dry season in July, during which time a per- 
tussis outbreak occurred, and the other at 
the late dry season in January. It should be 
noted, however, that these spikes occurred 
against a continuously high level of infec- 
tion. Average rates across seasons (Table 2) 
are not significantly different. The monthly 
incidence of gastrointestinal infection 
showed a similar, although less dramatic, 
pattern of triple peaks, occurring in Febru- 
ary, September, and January. Together, 
these figures demonstrate that Turkana 
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Fig. 5. Nutritional status profile of children, 6 months to 10 years, at the time of recruitment in 
February 1990. 

children chronically suffered from frequent 
attacks of infectious disease. 

The nutritional characteristics of the sub- 
jects at the time of recruitment in February 
1990, are summarized in Figure 5. Using the 
Waterlow (1977) classification system, it 
can be seen that a large fraction of children 
in both older and younger age groups were 
wasted (or thin) at the time of recruitment, 
whereas a relatively large proportion of 
older children (>36 months) were stunted 
compared to younger children ( ~ 3 6  
months). It is important to stress that this 
classification is simply descriptive, as cutoff 
values for identifying elevated risk groups 
and grades of malnutrition are not known 
for this population. 

To determine the degree of growth over 
the study period, an ANCOVA for repeat 
measures (Bock, 1975) was performed, esti- 
mating the effect of time (season) and con- 
trolling for the effects of age, sex, and inter- 
actions between sex and time. The BMDP 
statistical program (5V) was used to com- 
pute maximum likelihood estimates of pa- 
rameters of a model in which expected val- 
ues of anthropometric measures over time 
are described by a function (linear, qua- 
dratic, or cubic) of the regression parame- 
ters. Complete data over seven rounds of ob- 
servation were available for 30 individuals. 
Missing values were imputed for an addi- 
tional 24 subjects, who were available for at 
least five rounds of observation, with an Ex- 
pected Maximization Algorithm described 

by Little and Rubin (1987). Likelihood ratio 
tests for the covariance structure of each 
model were highly significant, indicating 
that the covariance matrix does not have the 
compound symmetry form. Estimates of the 
regression parameters for models with un- 
structured covariance are shown in Table 3. 
Age at the time of recruitment, rather than 
age at the time of each measurement, was 
used as a covariate to avoid confounding the 
effect of time (season). In the original model, 
an interaction term between age and time 
was included; this model, however, could not 
be supported because of multicollinearity. 
The results indicated that, using a linear 
model, children exhibited statistically sig- 
nificant ponderal and linear growth and 
gains in the BMI. The coefficients for the 
effect of time indicated that over the 10- 
month study period children gained, on av- 
erage, 2.2 kg (3.2%) in wei ht, 5.2 cm (7.4%) 

MUAC significantly declined over the study 
period, although the actual magnitude of the 
decline was quite small (0.37 cm, or 2.7%). 

To determine whether nutritional status 
showed significant seasonal variation, four 
anthropometric indices derived from interna- 
tional reference data (weight-for-age, height- 
for-age, weight-for-height, and MTJAC-for- 
age) were also analyzed through ANCOVA for 
repeated measures (Fig. 6). The results using 
a linear model with unstructured covariance 
(Table 4) indicated no significant variation 
over time in weight-for-age; similar negative 

in height, and 0.7 kg/m 8 (2.7%) in BMI. 
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TABLE 3. Maximum likelihood estimates of regression parameters for an analysis of covariance for repeated measures 
for anthrovometric dimensions 
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Dependent variable: Weight (kg) 

Parameter Estimate 

Constant 
Time 
Age 
Sex 
Sex time 

6.98007 
,22557 
I1489 
,17974 

-.01434 
Dependent variable: Height (cm) 

Parameter Estimate 

Two-sided 
Asymptotic SE Z-Score P-value 

.37027 

.01824 
,00707 
.22681 
,01824 

18.851 ,0001 
12.366 ,0001 
16.258 ,0001 

,794 ,4281 
-.786 ,4316 

Two-sided 
Amnototic SE Z-score P-value 

Constant 69.88849 1.23856 56.427 .MI01 
Time .52028 .03460 15.038 .0007 
Age ,51243 ,02423 21.149 ,0001 
Sex .78966 ,73304 1.077 .2814 
Sex time ,03054 ,03460 ,883 .3774 
Dependent variable: MUAC (cm) 

Parameter Estimate Asymptotic SE Z-score P-value 
Two-sided 

Constant 13.98298 .20695 67.566 ,0001 
Time p.03703 ,00988 -3.746 ,0002 
Age ,01567 ,00401 3.903 .0001 
Sex ,04481 ,12334 ,363 .7164 
Sex time -.00175 .00989 -.017 3596 
Dependent variable: BMI (kglm’) 

Parameter Estimate Asymptotic SE Z-score P-value 

Constant 14.94292 ,28770 51.938 ,0001 
Time ,07367 ,02707 2.721 ,0065 
Age -.02256 .00492 -4.584 .0001 
Sex .21413 ,20357 1.052 .2929 
Sex time -.02756 ,02707 -1.018 .3087 

Two-sided 

results were obtained with quadratic and cu- 
bic models. The other three indices, weight- 
for-height, height-for-age, and WAC-for-age, 
showed sigmficant linear variation over time. 
However, whereas MUAC-for-age and height- 
for-age decreased as the dry season pro- 
gressed, weight-for-height increased. Notably, 
the coefficients for the effect of time on each of 
the indicators showed that the actual magni- 
tude of change across season was moderate; 
on average, over the 10-month observation pe- 
riod children lost 0.33 SD units in height-for- 
age, 6.6% of reference WAC-for-age, and 
gained 0.61 SD units in weight-for-height. For 
WAC-for-age, age at the time of recruitment 
had a sigmficant negative effect, indicating 
that older children showed greater seasonal 
declines in W A C  than younger children. 
There were no differences by sex. 

Compared to international reference data 
for weight-for-height and MUAC-for-age, a 
large proportion of the children suffered 

from mild-to-moderate undernutrition year- 
round (Fig. 7). However, the two systems of 
classification did not agree on seasonal dif- 
ferences in the prevalence of undernutri- 
tion. The proportion of malnourished chil- 
dren defined by weight-for-height did not 
vary significantly over time, whereas under- 
nutrition, defined by MUAC-for-age, pro- 
gressively increased (x2 = 16.34, P < .05) 
over time. The proportion of children below 
80% of expected MUAC-for-age varied from 
3.9% to 25.6%. These figures must be inter- 
preted cautiously since no criteria exist for 
the selection of cutoff points for grading de- 
grees of malnutrition. As proposed by Trow- 
bridge and Staehling (19801, low cutoff val- 
ues for MUAC-for-age and weight-for-height 
were selected in an effort to maximize speci- 
ficity, defined as the percentage of true neg- 
atives for malnutrition. The finding of low 
levels of severe undernutrition among Tur- 
kana children was supported by data on 
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Fig. 6. Monthly variation in anthropometric indices 
derived from international reference data, of Turkana 
children 6 months to 10 years, from February through 
November, 1990. 

clinical signs of undernutrition; a small pro- 
portion of subjects, exhibited symptoms po- 
tentially indicating severe protein-energy 
malnutrition (muscle wasting and dyspig- 
mentation of the hair) (Table 5). The major- 
ity of recorded symptoms were likely caused 
by poor sanitation, environmental insults 
such as wind, heat, and aridity, or by infec- 
tion. 

Seasonal variation in immunoresponsive- 
new was examined in 42 children adminis- 
tered DTH tests in both the wet and dry 
seasons. The incidence of immunosuppres- 
sion was extremely high in both seasons; 
59.5% and 54.8% of the children tested neg- 
ative (<2 mm induration) in the wet and dry 
seasons, respectively. As none of the chil- 
dren were vaccinated and complete medical 
histories did not exist, it was impossible to 

calculate the total number of false-negative 
readings. The results were, however, sub- 
stantiated by the fact that of the 17 children 
who tested positive in the wet season, 47.1% 
later tested negative (Fig. 8). The effect of 
season on immunocompetence was analyzed 
through McNamar’s test of symmetry, 
which measures whether, in repeat rounds 
of measurement, change in one direction 
(positive to negative) is equal to change in 
the other direction (negative to ositive). 
The results were not significant ($ = .222, 
P = .637), indicating no improvement or de- 
cline in immunocompetence across seasons. 

DISCUSSION 
This study longitudinally assessed the ef- 

fect of season on indicators of health status 
of nomadic Turkana children, including nu- 
tritional status, immunocompetence, and 
infectious morbidity. Over the 12-month ob- 
servation period, the amount of rainfall and 
availability of resources fluctuated dramati- 
cally. Despite the significant variation in 
food availability at the household level, the 
nutritional status of the children showed 
only moderate change across seasons. Anal- 
ysis of repeated measures of weight, height 
and EM1 indicated that children continued 
to grow over the study, although MUAC, on 
average, declined. To assess the adequacy of 
growth, derived indices from measures of 
weight and height were analyzed through 
ANCOVA for repeated measures and 
showed different trends: weight-for-age 
showed no significant change over time, 
whereas height-for-age declined and weight- 
for-height increased. Such a pattern may be 
expected when growth in weight remains 
steady and normal, and growth in height 
decelerates. In general, growth in height, 
expressed as height-for-age, reflects long- 
term trends in nutritional status, whereas 
growth in weight, expressed as weight-for- 
height and weight-for-age, is sensitive to 
short-term changes and reflects current nu- 
tritional status. Although growth in height 
is relatively insensitive to  acute nutritional 
stress, seasonal patterns are commonly ob- 
served in absence of variation in levels of 
dietary or disease stress (Bogin, 1978). It 
seems, therefore, that a period of minimal 
growth in height among Turkana children 
was not caused by, but coincided with, the 
dry season. Furthermore, growth in weight 
and improved weight-for-height status may 
not clearly represent adequacy of nutri- 
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TABLE 4. Maximum likelihood estimates of regression parameters for an analysis of covariance for repeated measures 
using Z-scores and percentwe of reference medians from internntional reference data 

Dependent variable: Weight-for-age 

Parameter Estimate Asmutotic SE Z-score P-value 
Two-sided 

Constant 
Time 
Age 
Sex 
Sex time 

-.a9981 
.01907 

-.01106 
I1871 

-.00879 

.22528 -3.994 .0001 

.Ill440 1.325 S853 
,00386 -2.863 .0042 
,15872 ,748 .4545 
.01440 -.611 .5415 

Dependent variable: Height-for-age 

Parameter Estimate Asymptotic SE Z-score P-value 
Two-sided 

Constant 
Time 
Age 
Sex 
Sex time 

p.56981 
p.03303 
p.00185 

,08295 
,01190 

,27284 ~~ 2.088 ,0368 
,01464 -~2.256 .0!241 
,00489 p.379 .7050 
.18800 ,441 6590 
.01464 ,813 .4163 

Dependent variable: MUAC-for-age 

Parameter Estimate Asymptotic SE Z-score P-value 

Constant 96.17234 1.41491 67.991 ,0001 
Time p.66171 .Of5645 -9.958 .0001 
Age p.11146 .02698 -4.131 .0001 
Sex p.99639 ,87005 -1.145 .2521 
Sex time .12655 ,06647 1.904 ,0569 

Dependent variable: Weight-for-height 

Parameter Estimate Asymptotic SE 2-score P-value 

Two-sided 

Two-sided 

Constant 
Time 
Age 
Sex 
Sex time 

-1.37031 

-.00391 

-.00937 

.06144 

,09149 

,21126 -6.486 .0001 
,01706 3.601 .0003 
.00364 -1.076 ,2820 
,14807 ,618 .5366 
.01706 -549 ,5829 

tional status in Turkana children. Trow- 
bridge et al. (1987) have shown that in- 
creased weight-for-height in undernourished 
Peruvian children does not reflect improved 
nutrition or increased body fat, but rather is 
associated with an increase in the hydration 
of fat-free tissue related to malnutrition. 
This response may occur seasonally among 
marginally nourished Turkana children, al- 
though further research is required to  con- 
firm this pattern. 

WAC-for-age was also used to assess 
seasonal variation in the nutritional status 
of children. This measure is much less sensi- 
tive to hydration and is reported to reflect 
wasting in a manner similar to weight-for- 
age (Shakir and Morley, 1974; Shakir, 1975) 
and weight-for-height (McDoweIl and King, 
19821, although these findings have met 
criticism (Vijayaraghavan and Sastry, 1976; 
Margo, 1977; El-Nofely et al., 1993). Analy- 
ses showed that MUAC-for-age declined sig- 

nificantly through the dry months, with 
children losing, on average, 6.6% of expected 
WAC-for-age. 

Given the pattern of extreme seasonality 
in rainfall and resource availability, it is at 
first surprising to find only moderate fluctu- 
ations in nutritional status of Turkana chil- 
dren. However, the effects of reduced food 
availability at the household (ekol) level 
may be attenuated through feeding prac- 
tices that buffer individuals most vulnerable 
to malnutrition. Galvin (1985) reported that 
Turkana mothers attempt to minimize the 
impact of food shortages on children by re- 
ducing their own dietary intake and prefer- 
entially feeding their children. Data on 
weight change among mothers supports this 
finding since mothers lost 1.5 kg (3.3% of 
total body weight) over the 10-month study 
period (Shell-Duncan, 1994b). It is impor- 
tant to note that although children’s nutri- 
tional status did not dramatically decline in 
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Fig. 7. Prevalence of undernutrition defined by two anthropometric dimensions in Turkana children 
from February through November, 1990. 

TABLE 5. Seasonal prevalence of clinical signs potentially 
indicating malnutrition among children 

Symptom 

Hepatomegaly 
Pale conjunctiva 
Bitot’s spots 
Splenomegaly 
Xerosis of the skin 
Xerosis conjunctivae 
Muscle wasting 
Hair dyspigmentation 

Wet season 
(April) 

(n = 54) 

27.7 
27.7 
25.9 
18.5 
18.5 
14.8 
1.9 
1.9 

Dry season 
(September) 

(n = 52) 

11.5 
5.8 

28.8 
11.5 
19.2 
26.9 
3.9 
3.9 

c 

I 

the dry season, it was not, on average, ade- 
quate. Evidence suggesting that Turkana 
children suffer from chronic mild-to-moder- 
ate malnutrition are summarized in Table 6. 
Serial measurements were used to estimate 
the prevalence of undernutrition. The re- 
sults of this study are consistent with those 
of Galvin (1985), showing that, in compari- 
son to international reference data, a large 
proportion of Turkana children are chroni- 
cally undernourished. The proportion of 
children below 80% of expected MUAC-for- 
age ranged between 3.9% and 25.6% over 
the study period, and the proportion of chil- 
dren more than 2 SDs below mean reference 
weight-for-height ranged between 9.6% and 
29.4%. Further evidence of chronic mild-to- 

+ =.2 2 rnm cumulative induration 
- = < 2 mm cumulative induration 

Fig. 8. Cross-tabulation of positive (+) and negative 
(-) DTH skin test responses of 42 Turkana children, 
ages 6 months to 10 years, tested in both the wet season 
(April 1990) and the dry season (September 1990). 

moderate undernutrition is a slow and pro- 
longed pattern of growth in weight and 
height (Little and Johnson, 1987); such pat- 
terns are characteristic of populations with 
chronic low dietary intakes (Eveleth and 
Tanner, 1986; Satyanarayana et al., 1980; 
Bailey et al., 1984). In addition, using esti- 
mates of dietary intake and energy expendi- 
ture, Galvin (1985) showed that Turkana 
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TABLE 6. Evidence of  chronic mild-to-moderate undernutrition among Turkana children 
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Indicator Assessment Reference 

1. Longitudinal anthropometry A high prevalence of Galvin 119851 and present study 
mild-to-moderate malnutrition, 
with little seasonal variation 

2. Mixed-longitudinal Slow, prolonged growth Little and Johnson (1987) 

3. Longitudinal estimates of dietary Chronic hypocaloric stress Galvin (1985) 

4. DTH tests of cell-mediated Present study 

anthropometry 

intake and energy expenditure 

immunocompetence 
High levels of immunosuppression 

in both wet and dry seasons 

children experience chronic hypocaloric 
stress, with occasional periods of caloric def- 
icit. Finally, analyses of cellular immuno- 
competence, a functional index of nutri- 
tional status (Chandra, 19811, revealed 
extremely high levels of immunosuppres- 
sion year-round; 59.5% of the children were 
anergic in the wet season and 54.8% were 
anergic in the dry season. 

Given that children did not show evidence 
of strong nutritional or immunological de- 
cline during the dry season months, ade- 
quacy of food intake is not likely to be the 
sole determinant of nutritional status. Data 
showed that the pattern of extreme season- 
ality in rainfall and resource availability 
was superimposed on a situation of serious 
endemic disease. The most frequent cause of 
infectious illness was acute respiratory in- 
fection, with each child suffering an average 
of 16.64 episodes per child-year, followed by 
gastrointestinal infection, with an incidence 
rate of 8.70 episodes per child-year. Studies 
of morbidity in regions characterized by 
moderate or high seasonality have shown 
patterns of infection corresponding to cli- 
matic factors, such as rainfall, humidity, 
and temperature. Typically, the prevalence 
of respiratory infections peak in the dry sea- 
son due to factors such as increased wind 
and dust, dryness-related alterations in the 
epithelium of the respiratory tract, and in- 
creased crowding (Chambers et al., 1981; 
Blakeborough et al., 1982; Tomkins, 1993). 
Conversely, epidemics of diarrheal disease 
are more frequent in the rainy season due to 
factors such as moist conditions favoring the 
survival and proliferation of pathogenic or- 
ganisms, surface runoff water contaminat- 
ing drinking water supplies with fecal bacte- 
ria, and increased fly counts causing the 
spread of bacterial pathogens, particularly 
dysenteric organisms (Poskitt, 1972; Chen 
et al., 1979; Trowbridge and Newton, 1979; 
Billewicz and McGregor, 1982; Tomkins, 

1993). Although the prevalence of infection 
in Turkana showed significant monthly 
variation, patterns of morbidity did not cor- 
respond to  climatic variations over the 
course of the study period. Rather, peaks in 
prevalence occurred against an already high 
level of infectious endemicity. High levels of 
infection have the potential to alter nutri- 
tional well-being through the elevation of 
metabolic rates, nutrient wastage, and an- 
orexia (Mata et al., 1972). The resulting nu- 
tritional stress, as well as infection itself, 
are known causes of impaired immune func- 
tion. Consequently, subjects are a t  an ele- 
vated risk of repeated or secondary infec- 
tion, and the two-way interaction between 
nutrition and infection is promoted. 

The results of this study have practical as 
well as theoretical significance. Data on 
morbidity suggest that nutritional interven- 
tion efforts involving food distribution alone 
may be inadequate as nutrient wastage 
from infection is an important contributor to 
nutritional stress. Although further investi- 
gations including larger numbers of chil- 
dren are needed to confirm the generaliz- 
ability of findings reported here, it seems 
certain that intensification of current efforts 
to vaccinate children in the nomadic sector 
of the Turkana population have strong po- 
tential for dramatically improving their 
well-being and chances of survival. 

In summary, the nutritional status of no- 
madic Turkana children observed over the 
course of this study is characterized by a 
moderate degree of seasonal variation. This 
result is surprising given that the Turkana 
inhabit a marginal and highly seasonal en- 
vironment, characterized by significant 
variation in rainfall and, consequently, re- 
source availability. Although seasonal fac- 
tors may be strong among the Turkana, they 
were not the predominant determinants of 
health status of children in this study. 
Rather, the evidence suggests that Turkana 
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children suffer from chronic mild-to-moder- 
ate undernutrition and immunosuppres- 
sion, which may be related to serious en- 
demic disease and year-round hypocaloric 
stress. Analyses of the nature of the interac- 
tions among nutrition, immunity, and mor- 
bidity will be reported in the future. 
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