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1 . INTRODUCTION 

Guatemala has long been instrumental in the development of the concepts of 
interaction of nutrition and infection. Two of the three authors of the classical treatises 
on this theme (1,2), Nevin Scrimshaw and John Gordon, had been working in Guatemala, 
while Carl Taylor's domain was India. The paradigm was taken to an ecological level in 
the 16-year longitudinal study on growth and health in the highland, Mayan village of 
Santa Maria Cauque led by Dr. Leonardo Mata [3J. The state-of-the-art of microbiology 
when this project began allowed for the isolation and identification of only a fraction of the 
pathogens causing diarrhoeal and respiratory diseases and it had ended before Yersinia. 
Campylobacter, and Cryptosporidium were recognized. 

The message of these parables is that both the advance of concepts and of 
research technology are instrumental, and move hand in hand, in furthering our 
understanding of biology and pathology. Recent years have seen a diverse array of 
conceptual advances in our thinking about body composition {4J growth and its regulation 
[5], and the nature of the immune response [6,7]. Technology for the in-vivo definition of 
protein metabolism using stable isotopes [8] and in the molecular biochemistry of the 
regulation of the immune response [9] has improved dramatically. There has also been an 
intensive, comparative epidemiological effort toward the description of growth in early life. 
The authors have taken all of these more recent conceptual and technological 
developments into consideration with the backdrop of the classical observations from 
Guatemala [1,2,3]. We report here, concisely, some results of our undertaking of new, 
directed, field observations and forging a unifying theory to relate issues of environmental 
influences to human nutriture. 

2. GROWTH AND GROWTH FALTERING 

A typical, male North American child is born with a weight of 3.8 kg and a length 
of 50 cm, and, as an adult will be 176 cm tall with a weight of about 70 kg. As assumed 
in that statement, and as exemplified by the NCHS reference growth curves which are 
used for reference around the world, we look at growth in two dimensions. There is the 
weight (for age) standard and the height (for age) standard. The two are intimately 
inter-related in what we see as the nutritional outcome for the individual, but in terms of 
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stability and regulation, linear growth and ponderal growth have elements of distinction. 

Conceptually, we see the height as the less plastic of the two. Linear growth is 
unidirectional and the gains are permanent for all intents and purposes in the childhood 
years. It is dictated by the elongation of the bones of the skeleton, with a series of 
hormonal regulators, the most prominent of which is that related to growth hormone 
(at the pituitary level) and insulin-like growth factor (at the tissue level). Each height has 
an ideal weight and over the long run, weight increase is progressive. But, at a given 
height, weight can vary widely from a state of cachexia to a state of obesity. On the side 
of excess weight, an energy imbalance with greater intake than expenditure is the 
predominant mechanism. On the side of low weight, a low intake of energy or an 
excessive energy expenditure can operate independently, or in combination to produce low 
fat reserves. Deficient protein intake or excessive wastage of nitrogen can also determine 
weight-loss of the visceral organs and muscle mass. Height change is generally slow, but 
weight shifts can be both dramatic in amplitude and rapid in occurrence. 

In contrast to the typical North American ma'e (above), the typical Guatemalan male 
weighs 3.2 kg at birth and is 50 cm long, but will attain an adult height of 160 cm and 
weigh 54 kg. Some 9% of school children (10) and an equal percentage of adults will 
have a height that is -2 Z-scores from the NCHS median (Schlimbach, A., Mendoza, I.,: 
unpublished findings). Stated another way, the prevalence of "stunting" is rampant, but 
weight is appropriate to the short stature. The gap between birth-length in the reference 
population and Guatemala is only minimal (<2%), whereas the difference in adulthood is 
18 cm (10%). Somewhere along the period of development, there is relative faltering or 
failure of linear growth for Guatemalans, as typical of most populations of poor, developing 
countries, with respect to the reference population. 

3. THE TIMING AND MAGNITUDE OF GROWTH FALTERING 

The first step to the appropriate understanding of growth failure, which would lead 
to its prevention or reversal, is an analysis of the timing and magnitude. This comes either 
from longitudinal or cross-sectional data on the heights and weights of children beginning 
as close to birth as is possible. Many recent studies have these characteristics, and older, 
archival data have been retrieved and reanalysed with this focus of inquiry in mind. 

Dewey et al. (11] assembled growth data on exclusively breast-fed infants in the 
sanitary, affluent environment of a university town in northern California (Davis) and the 
squalid, low-income squatter settlement on the outskirts of Lima, Peru (Huascar). They 
found that by nine months of age, the Peruvian boys lagged behind their US counterparts 
in linear growth, and this separation became defined for girls by 11 months. 

Calloway et al. 112] led a multicentric, epidemiological investigation with a common 
protocol in three developing countries. The children were exclusively breastfed for variable 
periods of time, with a later introduction of the traditional weaning foods, and complete 
weaning occurring at different average ages, depending of the differing cultures of the 
three localities. Children v " r e measured at 18 months of life. The percentages of children 
with a length-for-age of less than two Z-scores with respect to the NCH reference curve 
were, respectively: 42% in peri-urban Cairo in Egypt; 56% on the highland plateau of 
Kenya, and 52% in a region of Central Mexico. 
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Some interesting early-life linsar growth data from diverse populations of differing 
altitudes and ecosystems of Papua New Guinea have been reported 113]. Smith eta/. 
summarize their findings as follow: "The median pattern of linear growth observed shows 
marked deviation from that of the NCHS standards, showing a falling off in the second half 
of the first year of life. The observed medians then closely tract the NCHS Z = -2 centile, 
thus, about one half of the study population are malnourished according to this criterion." 

With respect to Guatemala, it has long been known that the loss of height is an 
early phenomenon. Russell (14] showed that highland, Mayan children had lost 15 cm 
to the NCHS standard curve by age three. The research at CeSSlAM has led us to two 
surveys in young children that have confirmed, for our circumstances. In the first 
experience, a total of 2714 children, aged 6 to 83 months, living in a sprawling, 
newly-settled peri-urban community called "La Peronia," on the south-west outskirts of the 
metropolitan Guatemala City area, 12 km from the centre of the city. The principle 
measures were height and weight [15], but other indices and indicators were employed 
[16]. During the first two years, there was a major, cumulative loss in height, relative to 
the NCHS reference; in boys grew at only 50% of North American rates, and in girls, at 
4 8 % After the second year of life, the incremental increases in height was, on a cm/yr 
basis, became equivalent to those of the NCHS reference population. However, when the 
children reached 5 years of age, the boys were 10 cm below the NCHS median for height, 
and the girls of "La Peronia" were 9 cm below that median. Overall, 50% of the children 
measured were classifiable as "stunted," i.e. greater than 2 Z-scores from the NCHS 
median. In terms of the appropriateness of weight-for-height of this population of short 
children, the values for these peri-urban preschoolers were superimposable on the NCHS 
reference. 

Immediately upon ret rig to Guatemala after the discussions in October in 
Boston, we turned our attention to a new community in the heart of Guatemala City. 
These are the children who live in and around the municipal garbage and trash dump. The 
parents make a living as scavengers for recyclable discarded items, and are known as 
guajeros. The neighbourhood has all of the characteristics of other low-income 
communities but has the additional attribute of the contamination from the dump. A total 
of 205 children, aged 6 to 84 mo, 113 girls and 92 boys were examined with 
anthropometric measures. As shown in the figure, the curves are virtually superimposable 
on those of "La Peronia." Children lose height in the first year, and have a 8 cm deficit by 
the seventh year. About fifty percent of the population is stunted. As with the 
"La Peronia" children, the median weight-for-height was a zero Z-score. 

If one takes a panoramic view of the developing world, the majority of adult 
populations are of short stature. It may be a few months earlier or a few months later that 
the linear growth curve begins to deviate from that of the NCHS reference standard, but 
in all societies with short adults, the growth faltering occurs early in life. 

4. DETERMINANTS OF GROWTH FALTERING 

Because growth, and more specifically the anthropometric measures that define it, 
are closely associated with our classification of nutritional status, foods and nutrients in 
the diet have been linked in the lexicon with growth failure. Most specifically, the dietary 
adequacy with respect to the macronutrients - protein and energy - has been linked to 
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the success or failure of growth. Micronutrients and therefore, deficiency, however, have 
also been shown to play a role in growth failure, as demonstrated by its partial reversal 
with supplementation. This is the case for zinc 117,18] and iron [19]. Iodine deficiency, 
in utero (cretinism) is associated with stunting which is not reversible in post-natal life with 
iodine administration (20). 

Even when the customary diet has an adequate density of micro and 
macronutrients, diseases can exert an effect on growth. Gastrointestinal disease exerts 
its effect primarily by interfering with the processes of digestion and absorption, and there 
is undoubtedly an influence on appetite when the pathology is centred in the stomach and 
gut 121]. 

Disease also exerts an influence on nutrition with the catabolic losses of nutrients 
under the influence of the activation of the acute-phase response. This occurs in diseases 
of neoplastic, of allergic and inflammatory, and of infectious origin 122]. 
Epidemiologically-speaking, infections are the predominant illness. Over the first two or 
three years of life, a child can spend over 30 percent of his life with an overt infection 
[23]. 

Finally, the concept that just the burden of microbes in an unsanitary environment, 
although not pathogenic to establish a localized or systemic infection, is recognized by the 
immune system. The immune system responses to this barrage of bacteria as if it were 
an infection. This condition could prevail continuously in the life of children living in such 
an unhygienic environment. To the extent that this produces metabolic disturbances 
(see below), immunostimulation [24,25] represents another candidate as a negative 
determinant of growth. It was the environmental -- but non dietary ~ factors that led us 
to comment [25]: 

"Growth failure has often been assumed to be a nutritional problem 
exclusively related to diet, and hence responsive only to dietary 
supplementation. However, poor growth appears to be strongly influenced 
by environmental factors as well as nutrition." 

5. METABOLIC RESPONSES TO IMMUNOSTIMULATION AND THE ACUTE-PHASE 
RESPONSE 

The acute-phase response (APR) to infectious and inflammatory injuries was first 
recognized in terms of its ultimate clinical effects, most notably fever [26]. Other 
elements of the APR are the leucocytosis response increasing peripheral white cells and 
the enhanced synthesis and circulation of a family of hepatic proteins, known as 
"acute-phase reactant proteins." These include o,-glycoprotein, oyanti-trypsin, 
haptoglobin and ceruloplasmin [27]. 

Insights into the nutritional and metabolic consequences of the APR came from 
observations in naturally-acquired diseases and in a series of carefully constructed 
metabolic studies in which volunteers from the military and from penitentiaries [28]. 
Keusch and Farthing [22] have summarized the metabolic changes during infection that 
alter host nutritional status: 
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"Protein metabolism: Increased nitrogen loss (negative balance); catabolism 
of muscle protein; conversion of animo acids to glucose; decreased 
synthesis of albumin, transferrin; increased synthesis of acute-phase 
proteins by liver, and proliferation of phagocytes and lymphoid cells; 
Carbohydrate metabolism: "pseudodiabetes"; increased glucose oxidation; 
peripheral (muscle) insulin resistance; augmented gluconeogensis; 
Mineral metabolism: Removal of plasma iron to liver; reticuloendothelial 
system uptake of zinc; increased plasma ceruloplasmin copper; urine, stool, 
and sweat losses of Mg, P, K and S." 

Understanding not only grew with respect to the effects and effectors of the APR, 
but also on its mediation. It was originally thought that bacterial endotoxins were the 
mediators of the APR, but when animals were made tolerant to the isolated endotoxins, 
substances from white cells produced the entire array responses [29,30]. This was called 
leucocyte endogenous mediator (LEM) [27], and the advance of immunological 
biochemistry has allowed us to recognize a host of monocyte-derived peptides [6]. These 
include the family of the interleukins (IL-1; IL-4; IL-6; IL-8) and tumour necrosis factor 
alpha (TNF-o). The mechanisms of production of these peptides, their metabolism and 
turnover, and the molecular nature of their transduction of the message for production of 
APR responses have advanced with the assistance of molecular biology techniques 
[31,32]. 

For obvious ethical reasons, no prospective studies on the effect on growth has 
been made by purposefully inducing the APR with experimental infections. Some insights 
have been gained, however, from a regimen that is part of the normal health care of the 
young child: immunizations. However, the metabolic responses to the APR, as 
characterized by Keusch and Farthing [22], are generally termed catabolic, because they 
lead to wastage of tissue and constituents. If it makes a fully-grown person smaller, it 
would produce weight-loss in a growing child. But, more to the point of this inquiry, the 
metabolic response should act against the accretion of nutrients for linear growth and 
against the hormonal signals for the consolidation of such growth. The inferences from 
the epidemiological "life-curves" illustrated by Mata et al. [3] implicate a flattening of the 
growth curve with each identified infectious episode over the first two or three years of 
life of highland, village children. 

The concept of "immunostimulation" [24] takes this whole process back out of the 
host organism again to the original foreign proteins, antigens and pathogens that set up 
the chain of events that leads to the acute-phase response. We know that allergens, 
inflammatory stimulants, and invasive pathogens provoke the white cells to produce the 
cytokines that initiate and maintain the whole metabolic cascade. In the case of a specific 
localized or systemic infection, the invading and replicating pathogens stimulate the 
immune system to the point of activating an APR. However, the APR can be maintained 
and sustained in activation even in the absence of focal or diffuse infections, simply with 
an unsanitary environment, as has been demonstrated in poultry, and can be duplicated 
by the administration of interleukin-1 [33], 

Using diagnostic tools that are in harmony with the conceptual framework of human 
immunostimulation, we have tried to take a look at this state in a free-living population, 
in the community of "La Peronia," in the same population in which the large anthropometry 
survey was conducted. In 111 preschool-aged children we tried to determine the absolute 
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and relative prevalence of the state of "inapparent" infection. We undertook a 
point-prevalence survey of three defined conditions: infection-free; clinical-infection; 
inapparent infection [34]. The latter classification is the state of interest, and it was 
defined in our laboratory as the absence of any historical or physical evidence of a specific, 
acute, infectious process but with elevation of one or more of the following laboratory 
indicators (white count; erythrocyte sedimentation rate; C-reactive protein). 

In the same subjects, urinary cytokines were measured in the laboratory of Prof. 
Kirk Klasing at the University of California at Davis 135]. The findings are preliminary but 
they can be summarized as follow: There was a poor, within-subject correlation between 
the three diagnostic categories as defined above, and the levels of interleukins and/or 
tumour necrosis factor-alpha that were measured in a spot sample of urine. However, it 
is clearly feasible to detect and quantify cytokines in this body fluid. Moreover, although 
individual correlations are poor, the group of children as a whole had, on average, an 
elevated output as compared to controls in Davis, California. 

6. IMPLICIT AND EXPLICIT RELATIONSHIPS OF PROTEIN METABOLISM TO GROWTH 
AND TO IMMUNOSTIMULATION 

The requirements for growth are relatively clear. There must be the substrates 
(building blocks; energy), there must be the executives (enzymes and co-enzymes), there 
must be the regulators (hormones) and all of this must be an expression in response to an 
overall plan programmed in the genes. 

The phenomena discussed as alterations of "protein metabolism" in the summary 
of Keusch and Farthing (22], place the rough outlines on the changes we know to be 
associated with the activation of the APR. These were determined, however, in the 1960s 
and 1970s, with metabolic techniques or serial measurements in circulating levels of 
proteins and amino acids. Although the burn and trauma literature has produced further 
refinements on amino acid metabolism and protein turnover using newer, stable- isotope 
tracer technology, the problems of developing countries have generally, to date, not had 
access to this technology. As growth faltering is a major issue in the human development 
of Third World populations, and a role for immunostimulation from inapparent infection as 
a growth retardant is a viable hypothesis, we should seek a blueprint for the investigative 
linkage of the immune response, altered protein metaboiism and impaired linear growth. 

In conclusion, the diets of developing countries may not be ideal for optimal human 
growth, but the dramatic, early, cumulative loss of linear growth cannot be ascribed 
completely to the nutrient composition and balance of the diets and their inhibitory 
substances. The arguments in this background paper cite a cogent set of evidence for 
what might be additional, adverse factors in the ambient environment. We also 
foreshadow, with our own research in Guatemala, the analytical techniques and 
epidemiological observations that can be applied in poor populations. To the extent that 
there are gaps in our knowledge of relationships, further investigations should be 
undertaken to further our understanding of the determinants of - and limitations for -
human growth. To an extent, these inquiries further confirm the role of a contaminated 
environment as a cause of early growth faltering, and gave implications for new actions 
that need to be taken to maximize the expression of human developmental potential. 
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7. IMPLICATIONS FOR INVESTIGATIVE STRATEGIES 

The observations in Guatemala and the analysis of the published literature in the 
areas of growth and immunostimulation contribute to a framework of relationships. 
Clearly, more information is required to better define the relations and the causal linkages 
in the interactions. If the sine qua non for an adverse effect in the long run is a reduction 
in attained stature relative to the inherent genetic potential of the individual, the mediation 
of that decreased growth is to be found at the dysregulation of the signals for tissue 
accretion and reflected in abnormalities in the turnover of protein and the utilization of 
amino acids. 

In terms of design for the metabolic studies, only two strategies -- associations and 
interventions -- permit the testing of hypotheses. In the former motif, correlation between 
growth response and inapparent infections would be one approach. However, the linear 
growth process is slow. A surrogate approach, would be to seek associations of 
inapparent infections with changes in protein metabolism using the emerging techniques 
of stable isotope technology. This has the double advantage of the rapidity of a response 
and the capacity to provide insights into mechanism, although it requires certain 
assumptions to link the protein metabolism to the intact growth response. 

In terms of longitudinal interventions, prospective studies on antibiotic treatment and 
growth in school children in Guatemala have been reported (36]. Analyzing the problem 
some 20 years further into the antibiotic age, a subcommittee of the Food and Nutrition 
Board, proposed some guidelines for the design of antibiotic trials for stimulating growth 
in deprived children living in contaminated environments [37]. To shorten the exposure 
to the antibiotics, a longitudinal intervention using protein metabolism indices as the 
outcome variables, as a surrogate for growth, would have the same potential advantages 
as discussed above and be constrained by the same interpretive assumptions. 

With either an associative or an interventional investigative design at the 
mechanistic level, the questions relate to oxidation of indispensable amino acids, to the 
role of glutamic acid and the gut (given the frequency of diarrhoeal episodes) and to the 
diversion of amino acids into APR proteins or away from the matrix proteins of the axial 
skeleton. However, if we consider diarrhoea and dermic infections, diversion of amino 
a^ids into rapidly turning over tissues such as intestinal mucosa and skin, turning over 
more rapidly in response to infectious injury, represent another possible impediment to 
axial growth. 

Success in this research enterprise will require the prudent selection of a population 
of the proper age to be susceptible to the growth impairment and with the appropriate 
environmental exposures. Obviously, dietary limitations must not be so severe as to 
explain 100% of any growth faltering observed. To the extent that immunostimulation, 
per SH, be the question, the definition and detection of the "inapparent" infection must be 
precise. The choice of dose, duration and spectrum of any antibiotics to be used in a 
prophylactic trial is crucial. Finally, for the approach to the metabolism of protein and 
amino acids, in-vivo techniques must be developed with precision and accuracy for the 
definition of oxidation, turnover and redirection of synthesis but with the robustness to be 
used in the community and with a non-invasive character to make them tolerable to the 
young subjects and acceptable to their progenitors. 
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8. PROGRAMMATIC AND POLICY IMPLICATIONS 

The programmatic and policy implications of the web of rational considerations are 
also important. The maximal expression of the genetic potential of individuals in 
populations could be considered an element in the definition of health and well-being. It 
is clear that this potential is not being met in most parts of the developing world [38]. 
Being taller puts a greater demand on the environment for food, but the adverse 
consequences of short-stature have been well documented. They include: "reduced 
functional capacity and increased risk of serious illness and death" [13]. Between the 
alternative options of prevention and reversal of growth-failure, the former is by the far the 
more promising, although effective interventions to accomplish neither have been 
developed. 

If factors other than the quality and microbiological safety of the diet are major 
determinants of growth faltering, a wider spectrum of intervention measures must be 
considered. Obviously, where antibiotic feeding can be used as a tool to simulate the 
reduction of the microbial assault, they are not a long-term public health solution. The 
conceivable strategies to combat both the overt, recurrent infections and the constant 
state of inapparent infection due to immunostimulation would be improved environmental 
sanitation and possibly an expanded armamentarium of immunizations, including 
immunizations against non-pathogenic microbes. Attention to the frequent elimination of 
ecto- and endoparasites might also be part of the anti-inflammatory strategy. If 
successful, such comprehensive sanitizing actions should result in a rapid, secular change 
in childhood growth and final adult stature, with populations of the developing world 
approximating their genetic potential for height. 
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