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ABSTRACT 

 

Maternal HIV infection during pregnancy is associated with increased risk of 

adverse obstetric and infant outcomes, and understanding the factors responsible for this 

association is essential for designing effective interventions.  Maternal malnutrition is an 

important determinant of maternal and infant health for both HIV-infected and –

uninfected women.  However, the relative contributions of food insecurity and infection-

induced changes in appetite and body weight regulation that alone, or in combination, 

contribute to malnutrition among HIV-infected women is largely unknown.  The goal of 

this research was to advance the understanding of the underlying mechanisms by which 

maternal HIV infection influences pregnancy and early childhood outcomes.   

A prospective cohort of 114 pregnant women of mixed HIV-status was 

established in northwestern Tanzania.  Pregnant women were followed through delivery 

and mother-infant dyads participated in follow-up visits at 1, 2, 3 and 6 months 

postpartum.  This study had three main research aims: (1) to investigate maternal HIV 

and maternal anthropometric indicators as potential determinants of infant outcomes, (2) 



 

to characterize maternal and umbilical cord blood cytokine profiles and relate these to 

infant outcomes, and (3) to evaluate maternal cachexia characteristics during pregnancy. 

Maternal HIV status and maternal gestational mid-upper arm circumference 

(MUAC) were compared to infant anthropometric measurements from birth to six months 

of age.  Infants born to HIV-infected mothers weighed, on average, 235 g less and were 1 

cm shorter at birth compared to those born to HIV-uninfected mothers.  Among mothers 

of mixed HIV-status, infants born to women with low MUAC had lower birth length and 

head circumference than infants born to women with higher MUAC.  Maternal HIV-

infection and low MUAC were also associated with poorer infant growth indicators 

through six months postpartum.   

Examination of cytokine profiles during pregnancy in this cohort revealed that 

HIV-infected pregnant women experienced elevated tumor necrosis factor (TNF)-α-

inflammation compared to HIV-uninfected pregnant women.  On average, TNF-α 

concentrations were 14% higher among HIV-infected pregnant women.  Among HIV-

infected women, longer duration of antiretroviral therapy and more aggressive 

antiretroviral therapy were associated with more favorable cytokine profiles.  Umbilical 

cord blood cytokine concentrations were used as a proxy for intrauterine exposure.  

Elevated umbilical cord blood cytokine concentrations were associated with lower infant 

birth weight and length.   

Pregnant women were also evaluated based on biopsychosocial characteristics 

related to cachexia.  Based on a modified cachexia scoring system, HIV-infected and 

HIV-uninfected pregnant women had comparable cachexia symptoms.  Evidence of 

increased gestational cachexia was associated with less favorable infant birth 



 

anthropometrics; and, among HIV-infected mothers, cachexia score was associated with 

lower infant weight-for-age and length-for-age z-scores at six months of age.  These 

results provide evidence that maternal and fetal inflammation, and secondary 

biopsychosocial consequences, may have important implications for early childhood 

growth. 

Evaluated together, the findings of this dissertation research suggest that maternal 

HIV, immune abnormalities and undernutrition during pregnancy are important 

determinants of infant outcomes in rural and semi-rural Tanzania, and are interrelated.  

Understanding the relationships between maternal infections, nutrition and infant 

outcomes may be essential for designing successful interventions to improve infant health 

and growth outcomes in this context. 
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CHAPTER 1 

INTRODUCTION 

Challenges to Improving Maternal and Infant Health in Developing Countries  

In developing countries, undernutrition and infection are major impediments to 

improving maternal and child health and are intimately related.  Undernutrition—a 

term that encompasses wasting, stunting, underweight, and micronutrient and 

macronutrient deficiencies—is responsible for approximately 3.5 million maternal and 

child deaths each year [1].  Among the most common causes of undernutrition in 

developing regions are infection and food insecurity.  Untreated infections and their 

health-related consequences, which may include diarrhea, impaired nutrient absorption 

and appetite suppression, serve as biological barriers to food supplementation 

programs aimed at improving nutrition.  An important example of the nutrition-

infection paradigm is undernutrition related to infection with human 

immunodeficiency virus (HIV).   

HIV and Maternal and Child Health 

HIV represents one of the most important global health issues of the last 

century and continues to be a major public health challenge in sub-Saharan Africa.  

The global prevalence of HIV was estimated to be 35 million at the end of 2012, with 

70% of all people living with HIV residing in sub-Saharan Africa [2].  In this region, 

women are disproportionally affected by HIV and constitute 57% of the people living 

with HIV [2].  Transmission of HIV can occur through several routes, and 

transmission patterns differ between developed and developing countries.  In the 

developing world, the major transmission routes are through heterosexual sex with an 
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infected partner and maternal-to-child transmission (MTCT), whereas transmission via 

homosexual sex or intravenous drug use tends to occur more frequently in developed 

countries [3].   

MTCT can occur throughout the reproductive cycle: in utero, during 

parturition, or through breastfeeding.  Importantly, huge reductions in MTCT have 

been achieved through improved access to prevention of maternal to child HIV 

transmission (PMTCT) interventions during pregnancy and lactation.  The term 

PMTCT encompasses myriad interventions, including HIV testing during antenatal 

care, counseling on recommended infant feeding practices and provision of 

antiretroviral therapy (ART).  ART during pregnancy, delivery and breastfeeding has 

been remarkably effective in reducing MTCT risk—from 15-45%, in the absence of 

treatment, to <5% with optimal ART treatment and adherence [4].  In countries such 

as the United States., where gold standard PMTCT practices such as maternal 

provision of highly-potent combination ART, elective caesarean delivery, and 

exclusive use of infant formula are feasible, MTCT has been nearly eradicated.  

PMTCT continues to improve and expand in sub-Saharan Africa; however, practices 

remain sub-optimal.   

In addition to MTCT, maternal HIV infection is a risk factor for other adverse 

perinatal outcomes [5].  Although incidence of adverse outcomes has declined among 

HIV-infected women as access to antiretroviral therapy during pregnancy has 

expanded [6], HIV-exposed infants—that is, infants born to HIV-infected mothers—

are often smaller at birth compared to HIV-unexposed infants, even if the infants 

themselves remain uninfected [7, 8].  Birth size, and birth weight in particular, is a 
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non-specific indicator of fetal health; and infants with clinically defined low birth 

weight (birth weight <2500 g) are at increased risk of morbidity and mortality in early 

life [9].   

Infants who are HIV-exposed, even when they remain uninfected, have poorer 

reported health and growth outcomes [8].  Furthermore, immune abnormalities such as 

altered cell-mediated immunity, T-cell maturation and cytokine production have been 

observed among HIV-exposed/uninfected children (HIV-EU) [10-16].  The causes and 

long-term consequences of disparities among HIV-EU children are poorly understood, 

and warrant further investigation because this group makes up a growing proportion of 

the population in many sub-Saharan African countries.   

HIV Biology, Symptoms and Treatment 

HIV is a retrovirus that preferentially targets CD4 helper T-cells, which are 

important mediators of human immunity.  Over time, untreated HIV infection leads to 

progressive CD4 cell depletion and, eventually, failure of the immune system to fight 

off opportunistic infections leading to death.  CD4 cell count, along with HIV viral 

load, are the most common clinical indicators of HIV severity and disease progression.  

In addition, patients with HIV infection are monitored for common clinical 

manifestations of the virus, including co-infections, cancers, and changes in nutritional 

status.  HIV is also characterized by chronic inflammation, which begins in the earliest 

stages of viral infection [17-20]. 

Cellular messengers called cytokines mediate inflammation and other immune 

responses.  Cytokines are generally pleiotropic and capable of exerting effects on 

many different types of cells.  Cytokines also work together as components of 
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signaling networks to elicit biological effects.  For these reasons, classifying cytokines 

based on function can be somewhat challenging.  A common approach to classifying 

cytokines is according to their respective association with T-helper (Th) cell types: 

Th1, Th2, and others.  Th1-type cytokines are associated with cell-mediated immunity 

and pro-inflammatory responses towards intracellular parasites, whereas Th2-type 

cytokines promote antibody responses and exert anti-inflammatory effects.  Another 

approach to classifying cytokines based on function is according to their association 

with pro-inflammatory (TNF-α, IL-1β, IL-6, IFN-γ, IL-2, IL-12p70 and IL-15) and 

anti-inflammatory (IL-10 and IL-13) immune responses.  The latter classification 

strategy is used frequently throughout this dissertation to describe trends in the 

cytokine milieu.   

Although cytokines play important roles in normal physiological activities, 

certain cytokine patterns are also associated with poor health.  The chronic 

inflammation that is a hallmark of HIV infection has multiple possible causes: direct 

T-cell activation by HIV replication, indirect T-cell activation by opportunistic 

infections and other pathogens, damage to lymphoid tissue resulting from persistent 

immune activation [21, 22], and microbial translocation caused by impaired gut 

mucosal integrity [23, 24]. 

Most of the research on cytokine activities has been conducted in vitro, but not 

in the complex in vivo human system under which multiple conditions like HIV, 

malnutrition, and pregnancy coexist.   The relationship between cytokines and HIV is 

complex.  HIV infection disrupts secretion patterns of certain cytokines—resulting in 

impaired cell-mediated immunity—and viral progression is influenced by cytokine 
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secretion pattern [25, 26].  Because of this bidirectional relationship, cytokines can 

serve as both markers of HIV progression and as potential treatment targets.   

Generally, HIV infection is associated with cytokine disturbances that include 

increased expression of Th1 and pro-inflammatory cytokines (IL-1β, IL-6, and TNF-

α), and a potential increase in Th2 cytokines [27-29].  These cytokines can influence 

in vitro HIV replication by exerting either stimulatory, suppressive, or bifunctional 

effects [25].  HIV-induced cytokine alterations may also contribute to clinical 

manifestations of HIV-infection, including cachexia (wasting syndrome) [30, 31].  

Data on pro-inflammatory and anti-inflammatory cytokines among HIV-infected 

pregnant women are scarce.  Significantly elevated plasma TNF-α concentrations have 

been observed in HIV-infected pregnant women, when compared with both HIV-

uninfected pregnant women and HIV-infected non-pregnant women [32].    

Under ideal clinical management circumstances, HIV-infection is treated with 

antiretroviral (ARV) agents, which, when used either alone or in combination, 

suppress the virus through various mechanisms.  The goal of ART is to suppress HIV 

viral load, thereby improving immune function, extending lifespan and enhancing 

quality of life among people living with HIV.  The gold standard ART for people 

living with HIV is combination ART (cART), also called highly active antiretroviral 

therapy (HAART).  HAART generally consists of three ARV drugs from two or more 

different drug classes taken together [7]. 

The World Health Organization (WHO) promotes PMTCT recommendations 

that are continuously shifting towards more aggressive and effective interventions that 

are feasible given the clinical care and infant feeding limitations of developing 
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regions.  At the time of the study (2012-13), Tanzania had implemented Option A of 

the WHO PMTCT recommendations.  Currently, Tanzania, like many other countries 

in sub-Saharan Africa, is shifting towards Option B+, which includes combination 

ART for all pregnant women [33].  These recommendations are summarized in Table 

1.1.  

Table 1.1. World Health Organization Prevention of Mother-to-Child 

Transmission of HIV Recommendations, Options A and B+ [34] 

  

Interactions among HIV, Nutrition and Immune Function 

HIV progression and malnutrition are strongly linked, and this relationship 

persists in the era of HAART.  HAART has prolonged the lives of millions of people 

living with HIV, transforming HIV into a chronic, but manageable condition.  

However, HIV-related weight loss and wasting continue to occur, despite patient 

access to HAART [35].  Improving patient health and nutrition in the context of HIV 

 Option A Option B+ 

Pregnancy 

Treatment ART (if CD4 count <350 cells/μL): 

Triple ARVs* starting as soon as diagnosed, 

continued for life  

Prophylactic ART (if CD4 count ≥350 cells/μL): 

AZT starting as early as 14 weeks gestation 

Regardless of CD4 count, 

triple ARVs starting as soon as 

diagnosed, continued for life 

Delivery 
At onset of labor, sdNVP and first dose 
of AZT/3TC 

 

Post-partum 

Woman: daily AZT/3TC through 7 days 

postpartum 

Infant: daily NVP from birth through 1 week 

beyond complete cessation of breastfeeding; or, if 

not breastfeeding or if mother is on treatment, 

through age 4–6 weeks 

Daily NVP or AZT from birth 

through age 4–6 weeks 

regardless 

Abbreviations: PMCTC, prevention of mother to child transmission; ART, antiretroviral therapy; 

ARV, antiretroviral; AZT, zidovudine; sdNVP, single dose nevirapine; 3TC, lamivudine.  

* Triple ARV refers to the use of one of the recommended 3-drug fully suppressive treatment 

options.   
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infection is challenging as HIV progression and malnutrition form a deleterious cycle 

whereby advanced HIV causes weight loss, and nutritional depletion leads to further 

disease progression (Figure 1.1). 

 

Figure 1.1. The Vicious Cycle of Malnutrition and HIV Pathogenesis. Adapted 

from Semba and Tang [36]. 

 

HIV infection can lead to weight loss and wasting through several different 

pathways.  HIV and co-infections can increase energy demands, induce anorexia, and 

weaken the gut mucosa, causing malabsorption and diarrhea.  ARV drugs also confer 

their own nutrition-related side effects, which may include nausea, diarrhea, 

lipodystrophy, and dyslipidemia [37].  These side effects vary considerably between 

patients based on individual factors and treatment regimens.  HIV-lipodystrophy 

occurs in approximately 10-40% of HIV-infected individuals on long-term ART and is 

characterized by insulin resistance, hyperlipidemia and changes in fat distribution 

[38].  ART side effects should be noted and managed, but are trivial compared to the 

life-saving capabilities of ART.     

HIV progression 
Increased HIV replication 

Increased morbidity 

Appetite loss 
Inadequate dietary intake 

Malabsorption and diarrhea 
Altered metabolism  

Immunosuppression 
Increased oxidative stress 

Malnutrition 
Weight/lean body mass loss  
Micronutrient deficiencies 
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HIV infection, especially if left untreated or uncontrolled by ARVs, can induce 

cachexia.  Cachexia is a complex, progressive metabolic condition associated with an 

underlying illness and characterized by loss of lean body mass with or without loss of 

adipose tissue [39].  Additional clinical manifestations may include anemia, reduced 

appetite, insulin resistance, edema and altered immune function [40].  In addition to 

HIV, cachexia is a comorbidity of many chronic and acute disease conditions 

including heart failure, renal failure, rheumatoid arthritis, chronic obstructive 

pulmonary disease (COPD), sepsis, and, most notably, cancer [41-43].   

Historically, cachexia has been loosely and inconsistently defined as 

involuntary, illness-related weight loss of ≥5%.  However, precise diagnostic tools 

have recently been developed that: (1) consider the many biopsychosocial 

characteristics of cachexia, (2) facilitate early detection of cachexia symptoms, and (3) 

enable diagnosis of mild or “pre-”cachexia [44].  In addition, an expert committee has 

developed a more descriptive definition of cancer cachexia as “a multifactorial 

syndrome characterized by an ongoing loss of skeletal muscle mass (with or without 

loss of fat mass) that cannot be fully reversed by conventional nutritional support and 

leads to progressive functional impairment. The pathophysiology is characterized by a 

negative protein and energy balance driven by a variable combination of reduced food 

intake and abnormal metabolism [45].  These advancements, led by the cancer 

cachexia field, can improve the clinical management of patients with cachexia of other 

etiologies, and facilitate research efforts towards a better understanding of the 

relationships between inflammation, disease and nutrition.  
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Chronically elevated pro-inflammatory cytokines can affect nutritional status 

through central mechanisms influencing appetite and body weight regulation, and this 

mechanism has been implicated in the pathogenesis of HIV-induced cachexia [41].  

Importantly, cachexia mechanisms differ from those of starvation, and consequently 

food supplementation alone cannot overcome cachexia-related metabolic disturbances.  

In many cases, HIV-induced cachexia weight loss can be reversed with ART.  

However, ART does not fully resolve all immune irregularities caused by HIV, and 

chronic mild inflammation and immune activation continue to be hallmarks of HIV 

infection [46, 47]. 

There is considerable crosstalk between inflammatory cytokines and the 

hormones leptin and ghrelin, which are also believed to be involved in infection-

related weight loss and cachexia mechanisms.  Leptin is a central regulator of appetite, 

body weight and energy homeostasis.  Adipose tissue is the primary source of leptin, 

but it is also secreted from other body sites, including the placenta [48].  Secreted in 

proportion to fat mass, leptin binds directly to receptors in the arcuate nucleus of the 

hypothalamus to activate anorexogenic circuits [49, 50].  Activation of this pathway 

decreases appetite, increases energy expenditure and encourages weight loss.  

Evidence from animal studies suggests that leptin and inflammatory cytokines may act 

through the same hypothalamic pathways to influence appetite and body weight [51].   

Ghrelin acts as a counterpoint to leptin—inducing hunger and stimulating 

weight gain by acting through orexogenic circuits in the hypothalamus.  Ghrelin is 

predominantly produced in the stomach [52], but is also expressed in many other 

tissues, again including the placenta [53], and is a potent stimulator of growth 



10 

hormone release from the pituitary gland [54].  The connections between ghrelin and 

both food intake and growth hormone release suggest that it is an important regulator 

of growth and body composition.  There is also evidence that ghrelin may possess 

anti-inflammatory properties through inhibition of certain pro-inflammatory cytokines 

(IL-1β, IL-6, TNF-α), and promotion of the anti-inflammatory cytokine, IL-10 [55].  

In contrast to leptin, plasma ghrelin concentration is inversely associated with body 

mass index (BMI); thus, individuals experiencing cachexia and underweight tend to 

have elevated ghrelin concentrations compared to normal weight, non-cachectic 

individuals [55].  If leptin and ghrelin mediate HIV-related nutritional changes, these 

hormones may play important roles in the relationship between maternal HIV-

infection and infant outcomes; however, these mechanisms have not been investigated 

directly among HIV-infected pregnant women.   

Pregnancy and Immune Function 

Pregnancy induces complex changes in maternal physiology, including shifts 

in maternal immunologic and metabolic profiles.  Cytokines dictate important 

processes throughout normal pregnancy and are also implicated in the development of 

certain complications.  The placenta, which modulates maternal immune responses 

through local production of cytokines, may mediate or contribute to these adverse 

outcomes via mechanisms that are incompletely understood [56, 57].  

Maternal metabolic function must adjust during pregnancy to support growth 

of placental and fetal tissues.  Pregnancy necessitates changes in energy availability 

which are clinically observed as shifts in maternal insulin sensitivity and adiposity 

[58].  Fat accrual during pregnancy may contribute to inflammatory load through 
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increased production of adipocytokines such as leptin and TNF-α [59].   Disorders of 

maternal nutritional status including undernutrition and obesity are associated with 

obstetric complications [1, 60], which may be mediated by immunological and 

metabolic disturbances.  Because of the association between certain cytokines, 

hormones and obstetric outcomes, these biomarkers could serve as clinical tools to 

facilitate early detection of pregnancies at high risk for complications.   

Inflammatory cytokines, TNF-α, IL-6 and IL-1β in particular, have been 

investigated as potential mediators of adverse obstetric outcomes.  Although findings 

from this line of research have been somewhat inconsistent, there is evidence that 

elevated maternal concentrations of these pro-inflammatory cytokines are associated 

with perinatal complications including preterm delivery [61], pregnancy loss [62], 

preeclampsia [63], and fetal growth restriction [64].  

In pregnancies complicated by HIV infection, HIV-induced inflammation may 

play a role in the pathogenesis of adverse perinatal outcomes.  Although many studies 

have investigated determinants of pregnancy outcomes among HIV-infected women, 

there is little information available regarding this specific mechanism of inflammation.  

Thus, characterizing cytokines among HIV-infected pregnant women may be an 

important step toward understanding the impact of HIV-exposure on fetal and infant 

outcomes.   

The Study Context 

This study was conducted in Kisesa Ward, Mwanza Region, Tanzania and data 

were collected alongside antenatal and child health clinical care services at Kisesa 

Health Centre.  The United Republic of Tanzania is located in eastern sub-Saharan 



12 

Africa and comprised of mainland Tanzania and the offshore islands of Zanzibar, 

Pemba, and Mafia.  Tanzania shares borders with Mozambique, Malawi, Zambia, 

Kenya, Uganda, Rwanda, Burundi, and the Democratic Republic of Congo and has an 

eastern coastline on the Indian Ocean.  According to the 2012 United Republic of 

Tanzania Population and Housing Census, the population of Tanzania is estimated at 

45 million people, with approximately 10% of the mainland population residing in the 

financial capital of Dar es Salaam [65].   

Tanzania has an HIV prevalence of around 5%, or 1.5 million people living 

with HIV [2], and prevalence varies regionally across mainland Tanzania from 2-16% 

[66].  Approximately eighty percent of HIV transmission in Tanzania occurs through 

heterosexual sex, with most of the remaining 20% occurring through MTCT.  PMTCT 

interventions have successfully reduced MTCT incidence in Tanzania, from 27% in 

2009 to 16% in 2013 [25].  Achieving further reductions in MTCT is a major national 

health priority.  

Eleven percent of Tanzanian women of childbearing age are undernourished 

(BMI <18.5 kg/m2) [67]; and poor nutritional status during pregnancy impairs fetal 

development, resulting in both short and long-term health consequences [68].  The 

infant mortality rate in Tanzania, 51 deaths per 1,000 live births, is high compared 

with developed countries; and the most recent Demographic and Health Survey [67] 

indicates that approximately 7% of children weighed at birth are classified as low birth 

weight (<2500 g).  Importantly, nearly half of the births in Tanzania are delivered 

somewhere other than a health facility and only 53% of infants are weighed at birth 

[67]; therefore, estimates of adverse birth outcomes based on government health clinic 
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data may not be nationally representative.  A recent study conducted in Mwanza city 

observed incidence of stillbirth, preterm delivery and LBW (low birth weight) as 3%, 

12%, and 8%, respectively [69]; however, data are not available for semi-urban or 

rural clinics in this region.  HIV-infection predisposes women to poor nutritional 

status and poor birth outcomes; therefore, the prevalence of adverse outcomes among 

HIV-infected pregnant women likely exceeds these national and local estimates.  A 

cohort study conducted in Dar es Salaam, Tanzania, found that HIV-induced wasting 

during pregnancy—as defined by gestational weight loss or low weight gain—was 

associated with increased risk of early MTCT [70].    

Overall, antenatal care in Tanzania falls short of government 

recommendations.  Although 96% of women receive care from a medical professional 

at least once during their pregnancy, less than half (43%) attend the recommended 

four or more antenatal care visits [67].  Furthermore, it is uncommon for pregnant 

women to seek antenatal care in the first trimester, with 85% making their first visit 

during the latter two trimesters [67].  At the national policy level, Tanzania follows the 

WHO recommendations for antenatal care, which include measurement of weight (and 

weight gain), fundal height, hemoglobin concentration, urinary albumin, and glucose 

at all antenatal visits, and measuring height plus screening for HIV and syphilis at 

least once during pregnancy.  Standard antenatal care in Tanzania also includes 

provision of malaria prophylactics.  In reality, supply shortages and inadequate 

medical staffing are barriers to achieving national antenatal care goals and limit the 

success of interventions aimed towards improving maternal and child health in 

Tanzania [71, 72]. 
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Kisesa is a rural electoral ward in Magu district which contains six villages; the 

largest among them, Kisesa Village, is located along a tarmac road extending into 

Kenya and serves as a trading center.  Kisesa Health Centre (KHC) is a government-

run facility located approximately 20 kilometers east of the city of Mwanza and serves 

the >30,000 people living in Kisesa Ward [73].  The Kisesa Health Centre catchment 

area spans from peri-urban Kisesa Village to rural areas.   

KHC is a publicly accessible health facility offering antenatal care, childhood 

vaccinations, and HIV care including PMTCT services, voluntary HIV counseling and 

testing (VCT), and HIV care and treatment (CTC).  This research was conducted in 

collaboration with the TAZAMA project, which has maintained a community-based 

serosurveillance cohort in this area since 1994.  Additionally, the TAZAMA project 

has supported clinical services in Kisesa Health Centre, improving access and quality 

of health care available to the community. 

Research Objective 

With this research, I sought to advance the understanding of the underlying 

mechanisms by which maternal HIV infection during pregnancy influences pregnancy 

and early infant outcomes in the context of a population where the dual burden of 

HIV-infection and food insecurity exists.  This research tests the hypothesis that 

maternal HIV-related inflammation and elevations in circulating cachexia-inducing 

cytokines may explain, in part, disparate health and growth outcomes among HIV-

exposed children (Figure 1.2).   
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Figure 1.2. 'Conceptual Framework of the Interrelationships of Maternal HIV, 

Malnutrition and Inflammation and their Effects on Adverse Fetal and Infant 

Outcomes'.  Relationships explored in each Aim are labeled in green, red, and blue 

for Aims 1, 2, and 3, respectively.   

 

Research Aims 

Specific Aim 1  

To investigate the Tanzanian standard of antenatal care (height, weight, and 

hemoglobin) and non-standard (mid-upper arm circumference and triceps skinfold 

thickness) gestational anthropometry as prognostic determinants of infant 

anthropometry from birth to age six months in HIV-exposed and HIV-unexposed 

infants.   
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Specific Aim 2  

To characterize pro-inflammatory and anti-inflammatory cytokines in maternal 

peripheral and umbilical cord blood among HIV-infected and HIV-uninfected 

pregnant women living in rural and semi-rural sub-Saharan Africa, and relate these to 

birth outcomes.   

Specific Aim 3 

To evaluate biopsychosocial characteristics of cachexia among HIV-infected 

and HIV-uninfected pregnant women and relate these to birth and early growth 

outcomes among their HIV-exposed/uninfected and HIV-unexposed infants.   

Dissertation Outline 

Results of my dissertation research are presented in Chapters 2 through 4.  In 

Chapter 2, I report on maternal nutritional status indicators during pregnancy and how 

they relate to early infant outcomes among HIV-exposed and HIV-unexposed infants.  

Chapter 3 characterizes cytokine profiles in maternal plasma during pregnancy and in 

umbilical cord blood.  In this chapter I also examine associations between birth 

outcomes and maternal and fetal inflammatory exposures.  In Chapter 4, I describe a 

novel method of evaluating pre-cachexia among pregnant women, and examine how 

biological and psychological sickness symptoms correspond to pregnancy and infant 

outcomes.  The findings of this research are summarized in my Conclusion, Chapter 5.  

As part of this chapter I discuss the broad public health significance of this research, 

how it may inform antenatal and HIV-related care in developing regions, and propose 

future research directions. 
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CHAPTER 2 

GESTATIONAL MID-UPPER ARM CIRCUMFERENCE PREDICTS HIV-

EXPOSED AND UNEXPOSED BIRTH AND EARLY INFANCY 

ANTHROPOMETRICS 

 

Abstract 

Objective: Healthcare access and resources differ considerably between urban 

and rural settings making cross-setting generalizations difficult.  In resource-restricted 

rural/semi-rural environments, identification of feasible screening tools is a priority.  

The objective of this study was to evaluate gestational anthropometry in relation to 

birth and infant growth in a rural/semi-rural Tanzanian cohort of mothers and their 

infants. 

Methods: One hundred fourteen mother-infant pairs were included in this 

study. Data were obtained by questionnaire administered by a Swahili-speaking 

research nurse on demographic, socioeconomic, clinical, and infant feeding practices.  

Mid-gestation anthropometry (mid-upper arm circumference, triceps skinfold 

thickness, weight, height), pregnancy outcomes (stillbirth, miscarriage), birth (weight, 

length, head circumference) and infant anthropometry (weight-for-age, length-for-age) 

were obtained from a prospective rural Tanzanian cohort.  Mixed effect modeling was 

used to evaluate gestational factors in relation to pregnancy and infant outcomes. 

Results: Gestational mid-upper arm circumference and maternal HIV status 

(HIV-positive=39%) were prognostic determinants of infant weight-for-age and 

length-for-age z-scores from birth to 6-months, even after adjustment for infant 
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feeding practices.  The lowest gestational mid-upper arm circumference tertile was 

associated with lower weight-for-age z-scores throughout early infancy, as well as 

lower length-for-age z-scores at three and 6-months.  Gestational mid-upper arm 

circumference was also associated with overall infant weight-for-age z-scores (β= 

0.11, P<0.001) and length-for-age z-scores (β= 0.11, P=0.001).  Infant HIV-exposure 

remained strongly and negatively associated with weight-for-age z-scores (β= -0.65, 

P<0.001) and length-for-age z-scores (β= -0.49, P<0.012) from birth to 6-months.   

Conclusions: Gestational mid-upper arm circumference evaluated using only a 

tape measure and minimal training that is feasible in rural clinic and community 

settings was associated with suboptimal birth and infant anthropometry.  In rural 

settings, HIV-exposure is associated with poorer anthropometry and growth faltering 

throughout the first 6-months, despite improving antiretroviral access and better infant 

feeding practices.  Gestational mid-upper arm circumference has the potential to 

identify at-risk women in need of additional health intervention that may prevent 

negative fetal and infant consequences.  Further research is needed to establish 

gestational mid-upper arm circumference reference ranges. 

Introduction 

Maternal malnutrition is an important risk factor for adverse infant outcomes, 

including LBW [1].  Birth weight represents a key barometer of fetal health, and LBW 

infants are at increased risk of morbidity and mortality [2].  Whereas maternal 

nutritional status is a useful predictor of pregnancy and birth outcomes [3], evaluating 

maternal nutritional status in resource-restricted regions remains challenging.  

Maternal height and weight are frequently unavailable, and if recorded, often 
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inaccurate because adult weigh scales are costly to obtain and maintain calibrated. 

Clinical observation may be unreliable as maternal malnutrition can be masked by 

pregnancy-associated weight gain and fluid shifts, and important differences missed.    

Tanzania promotes the WHO antenatal care recommendations that include 

measuring weight gain, fundal height, hemoglobin, urinary albumin and glucose at 

antenatal visits and measuring height plus screening for HIV and syphilis at least once 

[4].  Although these indicators identify severe problems, pregnant women with mild or 

moderate malnutrition may be unidentified.  Failure to recognize these women 

essentially eliminates any opportunity for these women to receive additional 

monitoring and/or interventions that may prevent negative fetal and/or infant 

consequences.  The workload burden of healthcare workers in this setting is 

considerable [5], and the identification of at-risk pregnancies represent the crucial first 

step towards achieving better maternal, fetal and infant care.  This calls for quick, 

inexpensive and feasible assessment – in essence, a point-of-care test (POCT).   

Gestational MUAC has been considered appropriate to predict adverse birth 

outcomes like LBW in humanitarian crisis settings because the simplicity of obtaining 

maternal MUAC measurements without the need for gestational age [6] makes it very 

attractive.  Accurate gestational age estimation without ultrasound technology is 

difficult.  Instead health workers must use unreliable methods such as patient recall of 

last menstruation and fundal height [7].  Although pediatric MUAC has been widely 

used to diagnose malnutrition rapidly in young children [8, 9], it is rarely used in 

antenatal settings.  The objective of this study was to investigate the Tanzanian 

standard of antenatal care (height, weight) and non-standard [MUAC, triceps skinfold 
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thickness (TSF)] gestational anthropometry as prognostic determinants of birth and 

infant anthropometry in HIV-exposed and HIV-unexposed infants living in rural East 

Africa. 

Methods 

Study Population 

A prospective cohort of 44 HIV-positive and 70 HIV-negative pregnant 

women living in Magu District, northwest Tanzania was established between March 

and November 2012, with cohort observation continuing through July, 2013.  

Participants were recruited from those seeking antenatal services at rurally located 

dispensaries representing the very first level of public health care in Tanzania, and 

from women attending antenatal visits at Kisesa Health Centre, a publically accessible 

Tanzanian government-administrated healthcare facility located in a semi-rural 

location.  Mothers provided written informed consent for themselves and on behalf of 

their infants.  The study was ethically approved by the Tanzanian National Health 

Research Ethics Review Committee and the Cornell University Institutional Review 

Board.   

Study eligibility included estimated gestational age <36 weeks, stated intention 

to live within the antenatal clinic catchment area until 6-month postpartum, confirmed 

HIV serostatus [screening by Determine™ HIV-1/2 (Inverness Medical), confirmation 

by Uni-Gold™ HIV-1/2 (Trinity Biotech)] and singleton birth.  For every HIV-

positive woman enrolled, the recruitment goal included two HIV-negative women.  

Women were followed from mid-gestation through delivery, and thereafter with their 

infants until 6-months postpartum. If a mother-infant pair did not return for a 
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scheduled follow-up visit that coincided with the infant vaccination schedule, a field 

worker traveled to their last known address to invite them to return to the clinic for a 

rescheduled appointment.  Recruitment and retention strategies included compensating 

participants for transportation expenses as region-specific surveys previously indicated 

transportation expenses were a significant barrier to accessing clinic-based services in 

this region [10].   

Maternal HIV testing is offered as part of routine antenatal care in Tanzania, 

and many women are first diagnosed with HIV infection during pregnancy.  At the 

time of this study, Tanzania followed Option A of the WHO 2010 PMTCT guidelines 

that included maternal ART in the form of zidovidine (AZT) and infant prophylaxis 

[11].  Women with absolute CD4 cell counts <350 cells/µL were eligible for AZT + 

lamivudine (3TC) + efavirenz (EFV).  All other HIV-positive women received AZT 

for PMTCT as early as 14 weeks gestation.  HIV-exposed infants were prescribed 

daily nevirapine for six weeks, followed by HIV testing at the regional hospital 

laboratory at Bugando Medical Centre at 3-months of age using dried blood spot 

DNA-PCR.  All infants remained HIV-negative. 

Data Collection  

Self-reported demographic, medical history, and infant feeding data were 

obtained through questionnaires administered by the Swahili-speaking research nurse.  

In the absence of ultrasound technology, participants were counseled to estimate their 

last menstrual period from which gestational age was approximated; or if last 

menstrual period was unknown, gestational age was estimated from the first available 

fundal height according to standard clinic procedures.  Gestational anthropometric 
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measurements included weight, height, MUAC and TSF.  Maternal weight and height 

were measured using a mechanical beam scale with a height rod (Health O Meter, Inc., 

Bridgeview, IL) to the precision of 0.2 kg and 0.1 cm, respectively.  MUAC was 

measured by tape measure to the nearest 0.1 cm, and TSF was measured by Lange 

Skin Calipers (Cambridge Scientific Industries, Cambridge, MD) to the nearest 0.1 

mm. 

Blood was drawn for hemoglobin quantification, and maternal anemia was 

defined as hemoglobin (Hb) concentration <11 g/dL and severe anemia as Hb <8.5 

g/dL according to reference values used for clinical referral in Tanzania [12].  All 

women identified as anemic were referred for clinical follow-up at Kisesa Health 

Centre.  Infant birth anthropometric measurements (weight, height, head 

circumference and MUAC) were included in the birth anthropometry analyses if 

collected within 72 hours of delivery.   

Infant anthropometry was measured at 1, 2, 3 and 6 months.  Infant weight and 

length were measured using a digital infant scale (Seca 334 Digital Baby Scale) to the 

nearest 0.01 kg and 0.1 cm, respectively, and infant tape measures were used to 

measure both infant head circumference and MUAC to the nearest 0.1 cm.  Exclusive 

breastfeeding (EBF) was defined according to the WHO definition, which allows for 

the infant to receive only breast milk and medications, vitamins, and minerals [13].  

EBF duration was defined as the age at which the infant first received food or non-

breastmilk liquids, other than medications.  A study-specific breastfeeding variable 

was developed to compare infant feeding practices between participants at each visit.  

Infant feeding practices were scored as: 0=no breastfeeding; 1=partial breastfeeding; 
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2=predominant breastfeeding; 3=exclusive breastfeeding.  These scores were summed 

to provide an overall breastfeeding score from one through 6-months.  If a mother 

missed a follow-up visit, information regarding infant feeding practices was 

ascertained at the subsequent study visit.  

Statistical Analysis 

Data were analyzed in STATA12 (STATA Corporation, Texas, USA).  Means 

of normally-distributed continuous variables were compared using Student’s t-test, or 

one-way analysis of variance (ANOVA) for comparisons of means across categorical 

variables.  Proportions of categorical variables were compared using Pearson chi-

square tests.  Relationships between infant anthropometrics at birth and gestational 

clinical characteristics were analyzed using both unadjusted linear regression models, 

and linear regression models adjusted for covariates chosen a priori (maternal HIV 

status, age, parity, education, and gestational age at the time of anthropometric 

measurement and infant gender).  Gestational MUAC was examined as both a 

continuous and categorical variable classified according to tertiles because there are no 

established gestational MUAC reference values.  Infant weight-for-age (WAZ) and 

length-for-age (LAZ) z-scores were calculated using the WHO Child Growth 

Standards with the igrowup macro package (freely available at: 

www.who.int/childgrowth/software/en).  Underweight and stunting were defined as 

having a Z-score <-2 standard deviations below the WHO reference standards for 

weight-for-age and length-for-age, respectively.  Mixed effect models were used to 

compare infant growth trajectories between groups (HIV-exposed vs. HIV-unexposed 

and low vs. high gestational MUAC).  Posthoc pairwise comparisons were made at 
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each age corresponding to study visit (birth, 1, 2, 3, 6-months) and were based on 

estimated marginal means.  To account for multiple comparisons, the Bonferroni 

correction procedure was used in these analyses.  Mixed effect models were also used 

to examine the relationships between infant anthropometry and covariates of interest 

(HIV and maternal MUAC), with adjustment for potential confounding variables.  All 

analyses used two-sided hypothesis testing, and the threshold of significance was 

P<0.05 for analyses.   

Results 

Maternal Characteristics 

Characteristics of cohort participants are summarized in Table 2.1.   
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Table 2.1. Characteristics of Pregnant Women and Their Newborn Infants in a 

Prospective Cohort, Tanzania, 2012-20131   

 
  

Maternal HIV status Maternal MUAC at enrollment (cm) 

Characteristics  
Overall 

(n=114) 

Positive 

(n=44) 

Negative 

(n= 70) 
P 

≤25.5 

(n=42) 

25.6-27.9 

(n=35) 

≥28 

(n=37) 
P 

Maternal characteristics 

at enrollment 
        

Gestational age at 

enrollment, wk 
26.9 ± 6.9 23.7 ± 7.1 28.9 ± 6.0 <0.0013 28.5 ± 5.8 25.4 ± 7.2 26.4 ± 7.4 0.1352 

Age, y 28.0 ± 6.0 28.9 ± 6.0 27.4 ± 6.0 0.1923 27.4 ± 5.8 27.2 ± 5.6 29.4 ± 6.5 0.2022 

Married 86.8% 72.7% 95.7% <0.0014 85.7% 91.4% 83.8% 0.6084 

Primiparous 14.0% 15.9% 12.9% 0.6484 16.7% 14.3% 10.8% 0.7554 

MUAC, cm 26.9 ± 2.7 27.3 ± 2.9 26.6 ± 2.5 0.1923 24.2 ± 1.2a 26.9 ± 0.6b 29.9 ± 1.6c <0.0012 

Triceps skinfold 

thickness, mm 
14.1 ± 5.4 14.6 ± 5.1 13.9 ± 5.5 0.4993 10.2 ± 2.6a 13.6 ± 3.8b 19.1 ± 5.1c <0.0012 

Weight, kg 60.0 ± 7.8 60.3 ± 8.2 60.0 ± 7.6 0.8593 54.4 ± 5.2a 59.0 ± 5.1b 67.2 ± 6.8c <0.0012 

Height, cm 160.0 ± 5.5 160.1 ± 5.3 159.8 ± 5.7 0.7883 159.3 ± 5.3 160.3 ± 5.9 160.4 ± 5.6 0.6112 

Body mass index, kg/m2 23.4 ± 2.6 23.4 ± 2.9 23.4 ± 2.5 0.9283 21.4 ± 1.4a 23.0 ± 1.8b 26.1 ± 2.0c <0.0012 

Percent HIV-positive  38.6%  100.0% -- -- 33.3% 34.3% 48.7% 0.3104 

CD4 cell count, cells/µL  

(n=43)5 
560 ± 290 560 ± 290 -- -- 568 ± 272 535 ± 274 572 ± 326 0.9392 

<200 cells/µL (n=4) 9.3% -- -- -- 7.7% 16.7% 5.6% 0.1944 

200 to 349 (n=7) 16.3% -- -- -- 7.7% 0.0% 33.3% -- 

350 to 499 (n=12) 27.9% -- -- -- 30.8% 41.7% 16.7% -- 

≥500 (n=20) 46.5% -- -- -- 53.9% 41.7% 44.4% -- 

  (n=100) (n=38) (n=62)  (n=39) (n=29) (n=32)  

Infant characteristics at 

birth6 
        

Gestational age at birth, 

wk (n=100) 
38.2 ± 3.4 37.7 ± 3.0 38.4 ± 3.6 0.2743 37.6 ± 3.8 37.9 ± 3.3 39.0 ± 2.9 0.1982 

Preterm birth (<37 wk) 30.0% 34.2% 27.4% 0.4724 30.8% 31.0% 28.1% 0.9614 

Birth weight, g  (n=88) 3183 ± 448 3039 ± 493 3274 ± 396 0.0163 3064 ± 440 3209 ± 456 3290 ± 434 0.1242 

Low birth weight (<2500 

g) 
4.6% 5.9% 3.7% 0.6334 6.1% 8.3% 0.0% 0.2954 

Birth length, cm  (n=76) 46.7 ± 2.0 46.0 ± 2.4 47.1 ± 1.6 0.0263 46.1 ± 1.9a 46.4 ± 2.2ab 47.4 ± 1.8b 0.0362 

Birth MUAC, cm  (n=76) 10.7 ± 1.1 10.6 ± 1.1 10.8 ± 1.0 0.3973 10.2 ± 2.2 9.6 ± 3.3 10.3 ± 2.9 0.6942 

Birth head circumference, 

cm (n=76) 
34.6 ± 1.6 34.2 ± 1.4 34.7 ± 1.7 0.1833 34.0 ± 1.4 35.1 ± 1.7 34.7 ± 1.7 0.0562 

 1 Values are means ± SDs or frequencies.   Abbreviations: HIV=human immunodeficiency virus; MUAC=mid-upper arm circumference.  
2 One-way ANOVA test; for significant results, post hoc comparisons were made.  Difference superscript letters denote significant differences 

between the groups.   
3 Student’s t-test. 
4 Pearson chi-square test. 
5 CD4 cell count available from HIV-positive women only; CD4 was missing from one HIV-positive participant.  
6 Birth data were available from 100/114 of the original cohort participants—5/114 experienced a stillbirth or miscarriage and 9/114 exited the 

study prior to giving birth.  All birth anthropometric measurements were obtained within 72 hours of birth.   
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Women were not at nutritional risk according to BMI as the overall mean 

cohort BMI was normal; however, as expected, gestational MUAC (tertile) was 

strongly associated with gestational TSF, weight and BMI (for all, ANOVA P<0.001).  

The average gestational age was 26.9 weeks at study enrollment, with HIV-positive 

women enrolling significantly earlier in pregnancy.  Most women were married 

(86.8%) and multiparous (86.0%).  Although the majority (89%) of women reported 

being formally educated (attended school), only 10.9% advanced beyond the primary 

school level.  Few households had electricity (9.7%), and many women worked to 

generate household income (78.1%).  Overall, hemoglobin was low (mean±standard 

deviation: 10.1±1.8 g/dL), and anemia was common (55%, Hb <11.0 g/dL), with 11% 

severely anemic (Hb <8.5 g/dL).   

Neither anemia nor severe anemia differed according to maternal HIV status 

(P=0.494; P=0.980, respectively), and HIV-positive women were not significantly 

different from HIV-negative women in their health according to anthropometric 

indicators.  Among HIV-positive women, advanced immunosuppression was rare as 

74% had CD4 ≥350 cells/µL and almost half had normal absolute CD4 cell counts 

(≥500 cells/µL).  At enrollment, ART regimens included: 1) no ART (n=5; 11%); 2) 

AZT only (n=24; 55%); or 3) triple therapy (AZT+3TC+EFV; n=15; 34%).  Of the 

five women who were not receiving ART at enrollment, three initiated AZT before 

their next antenatal visit, one withdrew from the study and one miscarried.  Among 

those who began ART during pregnancy, the timing varied considerably with 11% 

initiating ART during their first trimester, 79% in the second and 11% during their 
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third trimester.  By delivery, all HIV-positive women were receiving ART for their 

own HIV management and/or for PMTCT.     

Pregnancy Outcomes and Birth Anthropometrics 

In this rural cohort, suboptimal pregnancy outcomes were common.  Five 

percent of pregnancies ended in stillbirth or miscarriage, almost 1/3 of women 

delivering prematurely, and 5% of infants were born LBW (Table 2.1).  HIV-positive 

mothers delivered babies with lower birth weight and length compared to babies born 

to HIV-negative mothers.  Decreasing gestational MUAC tertiles were associated with 

decreasing birth length (ANOVA P=0.036; Table 2.2).   
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In simple linear regression models adjusted for maternal age, parity, education, 

gestational age at the time of maternal anthropometric measurement and infant gender 

(Table 2.3), maternal HIV remained associated with infant birth weight (-280 g; 

P=0.013) and birth length (-1.03 cm; P=0.052).  Gestational MUAC, TSF and BMI at 

enrollment were each associated with greater infant birth length, and maternal weight 

was positively associated with birth weight and length.  Gestational MUAC (tertile) 

remained significantly associated with birth length in adjusted analyses (Table 2.3).  

In the adjusted analyses of birth outcomes, interactions between maternal MUAC and 

HIV were examined, but were not statistically significant (interaction p-values: birth 

weight P=0.446; gestational age at delivery, P=0.231; birth length, P=0.474; birth 

MUAC, P=0.602; birth head circumference, P=0.075).   
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Infant Growth 

Using infant anthropometry, unadjusted infant growth data are summarized in 

Table 2.4.  In this rural cohort, the number of infants classified as stunted increased 

throughout early infancy with the majority being stunted by 6-months (57%). HIV-

exposed infants fared worse, with both underweight and stunting disproportionally 

affecting them throughout infancy.  In growth models adjusted for maternal 

gestational age at enrollment, HIV-exposed infants had significantly lower WAZ at 2, 

3, and 6 months and lower LAZ at 2-months (Figure 2.1 [A-B]).  Infant growth 

differences based on HIV-exposure persisted, despite HIV-positive women reporting 

better infant feeding practices according to duration of EBF (HIV-positive: 6.6 ± 1.4 

weeks vs. HIV-negative: 3.4 ± 0.7 weeks; P=0.03) and a significantly higher 

breastfeeding score (P=0.004).  Infant growth outcomes also differed according to 

gestational MUAC with the lowest MUAC tertile associated with significantly lower 

WAZ at throughout infancy and lower LAZ at 3 and 6-months (Figure 2.1 [C-D]). 



40 

 



41 

 

 
Figure 2.1. (A-D) Mean Weight-for-age (WAZ) and Length-for-age (LAZ) Z-

scores from Birth to 6-months, Stratified by Infant HIV-exposure (A, B) or 

Maternal Gestational Mid-upper Arm Circumference (MUAC; C, D).  Models 

adjusted for gestational age; post hoc pairwise comparisons used to generate predicted 

marginal means and 95% CIs at each time point; Low MUAC=lowest tertile, High 

MUAC=middle plus highest tertiles; *P<0.01, **P<0.001. 
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Interestingly, infant feeding practices did not differ according to gestational 

MUAC (low vs. high MUAC tertile comparisons; EBF duration, P=0.539 or 

breastfeeding score, P=0.377).  Not surprisingly, infants with dual adverse maternal 

exposures (HIV-positive mothers with low MUAC) had the poorest growth from birth 

through 6-months based on both WAZ and LAZ (Figure 2.2). 
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Figure 2.2. (A-B) Mean Weight-for-age (WAZ) and Length-for-age (LAZ) Z-

scores from Birth to 6-months, Stratified by Infant HIV-exposure (HIV-U=HIV-

unexposed, HIV-E=HIV-exposed) and Maternal Mid-upper Arm Circumference 

(MUAC) during Pregnancy.  Models adjusted for gestational age; post hoc pairwise 

comparisons were used to generate predicted marginal means and 95% CI at each time 

point and the significance threshold after Bonferroni correction was P<0.01; Low 

MUAC=lowest tertile, High MUAC=middle plus highest tertiles.  Significant 

differences for WAZ were: HIV-U/High MUAC vs. HIV-U/Low MUAC at months 2, 

3, and 6; HIV-U/High MUAC vs. HIV-E/High MUAC at months 2 and 3; and HIV-

U/High MUAC vs. HIV-E/Low MUAC at all time points.  For LAZ: HIV-U/High 

MUAC vs. HIV-U/Low MAUC at month 6; and HIV-U/High MUAC vs. HIV-E/Low 

MUAC at months 3 and 6.  
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Mixed effect models of infant growth adjusted for potential confounding 

factors confirm the strong association between maternal HIV and maternal nutritional 

status according to gestational MUAC with early infant growth outcomes (Table 2.5).  

MUAC modeled as a continuous variable was also significantly associated with 

overall infant WAZ (β= 0.11, P<0.001) and LAZ (β= 0.11, P=0.001).   Infant HIV-

exposure had strong, negative associations with WAZ (β= -0.65, P<0.001) and LAZ 

(β= -0.49, P<0.012) from birth to 6-months.  Again, interactions were examined 

between HIV and maternal MUAC in these growth models, but they were not 

statistically significant (interaction p-values WAZ P=0.138; LAZ P=0.525).   

 

Table 2.5. Multiple regression analysis of infant weight-for-age and length-for-

age z-scores from birth to 6-months using mixed models   

 

Covariate1  

Weight-for-age z-score Length-for-age z-score 

β P 95% CI β P 95% CI 

Infant age, months -0.02 0.091 -0.05, 0.00 -0.13 <0.001 -0.18, -0.09 

Infant is female -1.11 <0.001 -1.44, -0.79 -0.10 <0.001 -1.36, -0.63 

Maternal parity -0.01 0.892 -0.10, 0.09 -0.08 0.141 -0.19, 0.03 

Gestational mid-upper arm circumference, cm 0.11 <0.001 0.05, 0.17 0.11 0.001 0.05, 0.18 

Mother was formally educated -0.12 0.629 -0.60, 0.36 -0.03 0.904 -0.57, 0.50 

Mother is HIV-positive -0.65 <0.001 -1.00, -0.31 -0.49 0.012 -0.88, -0.11 

Household has electricity 0.40 0.166 -0.17, 0.96 0.46 0.152 -0.17, 1.10 

Exclusive breastfeeding duration2, wk -0.02 0.272 -0.06, 0.02 -0.02 0.358 -0.06, 0.02 

Breastfeeding score3 0.06 0.284 -0.05, 0.17 0.02 0.728 -0.10, 0.14 

Abbreviation: HIV=human immunodeficiency virus 
1 Mixed models include all covariates listed.  For these analyses, n=91.  
2 Exclusive breastfeeding according to World Health Organization definition where no food or liquid other than prescribed 

medications, vitamins/minerals or oral rehydration fluids given. 
3 A study-specific breastfeeding score was evaluated at each visit, and the individual visit scores were summed to provide an 

overall breastfeeding score.  Infant feeding practices were scored as: 0=no breastfeeding; 1=partial breastfeeding (defined as 

breast milk plus other foods and/or liquids); 2=predominant breastfeeding (defined as breast milk plus locally-prepared non-

prescription anti-colic/anti-gripe water); 3=exclusive breastfeeding.  The overall breastfeeding score summarized infant 

feeding practices over the one to 6-month period, with scores ranging from 0 to 12.  In this cohort, the mean breastfeeding 

score (±standard deviation) was 6.7 ± 2.3. 
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Discussion 

Many studies have demonstrated an association between maternal nutritional 

status and birth outcomes [14, 15]; however there are limited data linking gestational 

anthropometry to longer-term infant growth outcomes, especially in understudied rural 

populations.  In this prospective cohort of mothers and infants living in northwestern 

Tanzania, maternal nutritional risk defined by MUAC was not only associated with 

poorer birth anthropometrics, but also ongoing suboptimal infant growth up to 6-

months of age.  HIV-exposed pregnancies and infants were at greater risk of poorer 

outcomes despite earlier antenatal care and comparatively better infant feeding 

practices.  This provides evidence that HIV-exposed pregnancies and infants continue 

to have poorer prognoses than HIV-unexposed infants in terms of birth and growth 

outcomes in this rural setting, despite improving antenatal HIV testing, maternal ART, 

and PMTCT implementation.   

 Among 1005 HIV-positive Malawian women living in an urban setting, 

maternal MUAC was a predictor of birth weight, whereas higher maternal MUAC was 

protective against LBW [16].  In 1002 HIV-positive Tanzanian women residing in the 

capital city of Dar es Salaam, maternal MUAC (analyzed by quartiles) was associated 

with birth weight, but no association between maternal MUAC and LBW risk was 

observed [17]. The current study is consistent with these observations, and extends 

these findings by demonstrating this association in a non-urban setting, among HIV-

negative women and, uniquely, that gestational MUAC is associated with early 

infancy anthropometrics and growth up to 6-months of age.  Although many factors 

occurring after birth can positively or negatively alter growth trajectories, 
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understanding gestational influences indicates different targets (e.g. women) and 

timing (e.g. during pregnancy) to prevent unfavorable infant outcomes.  It is also 

worth noting that female infants in this cohort had poor growth from birth to 6-months 

compared to males.  The current study was not designed to examine relationships 

between gender and growth, but these findings warrant further investigation into 

gender-related growth patterns and infant feeding practices.   

 A strong and urgent call for POCT has been made from resource-restricted 

regions. The ideal POCT has been described as transportable, portable, handheld, 

cheaper, smaller, faster, smarter and able to be interpreted by any general healthcare 

worker within minutes.  Gestational MUAC appears to be an ideal POCT candidate, 

requiring a simple tape measure and minimal assessor training.  In the current study, a 

gestational MUAC of ≤25.5 cm (corresponding to the lowest MUAC tertile) was 

associated with poorer birth and infant growth outcomes; however, further research is 

needed to define population and disease-specific gestational MUAC reference values.  

Studies based in sub-Saharan Africa and Asia have reported associations with MUAC 

cutoffs of 22 to 27.6 cm and adverse pregnancy outcomes (LBW, intrauterine growth 

restriction, preterm birth) [6, 18-24].  In supplementary feeding programs, cut-off 

ranging from 18.5 to 23 cm have been used to identify pregnant women for eligibility.  

Wasting was defined as <22 cm in a large urban-based mixed-HIV status cohort of 

pregnant Tanzanians (n=13,760) and found to be more prevalent among ART-naïve, 

HIV-positive women [25].  Because these data were from the pre-ART era, it is 

difficult to make direct comparisons with more recent studies.   
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Because many women in a rural and semi-rural setting may never attend an 

antenatal clinic, POCT with gestational MUAC may be possible to roll-out even at the 

village level.  In addition, many women attend only a single antenatal visit and deliver 

at home and this suggests that interventions to prevent negative fetal and infant 

consequences are needed during pregnancy.  This suggests that interventions to 

prevent negative fetal and infant consequences are needed during pregnancy.  While 

identification of higher risk pregnancies is a key step in improving fetal and infant 

care, an ongoing challenge beyond this study remains in selecting and implementing 

the most appropriate maternal intervention for these women.    

While maternal HIV care continues to improve and important reductions in 

maternal HIV transmission have been achieved in Africa, the findings of this study 

suggest that HIV-exposed pregnancies and infants living in this rural and semi-rural 

setting still have poorer growth outcomes compared to HIV-unexposed infants.  

Maternal HIV-seropositivity was associated with reduced birth weight and poorer 

infant growth through 6-months in adjusted analyses. These findings are important to 

consider because standard antenatal screening performed at this clinic would be 

unlikely to identify HIV-positive women as being at greater nutritional risk based on 

mean anthropometric measurements, a finding similar to urban cohorts in Tanzania 

[25] and Zimbabwe [26].  The birth weight data from this study are consistent with a 

range of findings from this region [27-29], and extended further by demonstrating that 

maternal HIV status was a risk factor for shorter birth length.  Furthermore, 

longitudinal data indicate HIV-exposed infants continued to experience less favorable 

growth anthropometrics as has been observed in other sub-Saharan African cohorts 
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[30], although the findings are not universal [31-33].  Differences in growth 

trajectories may be linked to urban-rural differences and a variety of biological and 

social factors including suboptimal infant feeding practices, maternal illness or death.  

It is notable that in the present study, HIV-positive mothers exclusively breastfed for a 

significantly longer duration than HIV-negative mothers.     

People living in rural and semi-rural areas are an understudied population 

worldwide, but this research had noteworthy challenges and limitations.  The main 

semi-rural clinic faced chronic and variable healthcare supply shortages including very 

basic medical supplies.  This may have deterred women from traveling to the clinic to 

receive antenatal and infant care and limits the generalizability of these findings to 

women willing and able to attend clinic visits.  As is common in rural Africa, some 

participants were difficult to contact without traceable addresses or telephone 

numbers.  To minimize attrition, participants consented to home visits by a study team 

member if they missed an appointment, a strategy that proved invaluable in 

minimizing losses to follow-up.  Finally, despite provision of incidental clinic delivery 

costs and transportation to women who chose to deliver at this antenatal clinic, 

complete birth anthropometric data within 72 hours were unavailable for 24%--a 

proportion that represents a study success given that approximately 50% of births 

typically occur at a place other than a health facility in this region [10].   

Infant size is an important risk factor for early infancy morbidity and mortality 

in Africa, making prevention of fetal and infant growth impairment an important goal. 

Gestational MUAC was able to identify women whose infants experienced poorer 

birth and growth anthropometrics.  Although identifying at-risk mothers is only the 
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first step towards improving pregnancy and infant outcomes, evaluation of gestational 

MUAC as a point-of-care test and establishing appropriate reference values is needed.  

Maternal health did not differ significantly according to HIV-status based on standard 

clinical and nutritional indicators, however, HIV-exposed pregnancies and infants still 

fared worse in this rural setting.    
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CHAPTER 3 

IMPAIRED FETAL GROWTH AND ASSOCIATION WITH MATERNAL 

PLASMA AND CORD BLOOD CYTOKINES IN A PROSPECTIVE MIXED HIV-

STATUS COHORT 

 

Abstract 

 

Objective: Despite improving maternal care and infant prophylaxis, HIV-

exposed infants continue to experience health disparities in sub-Saharan Africa.  The 

objective of this research was to investigate if HIV-related maternal and fetal 

inflammation contributes to poorer fetal growth outcomes.   

Design: To investigate the relationship among plasma cytokines during 

pregnancy, intrauterine cytokines, and birth anthropometrics, a prospective cohort of 

114 mixed HIV-status pregnant women was established in northwestern Tanzania. 

Methods: TNF-α, IFN-γ, IL-10, IL-12p70, IL-15, IL-13, IL-1β, IL-2, and IL-6 

were assayed in maternal peripheral and venous umbilical cord plasma.  Linear 

regression models were used to examine relationships between cytokines and infant 

birth anthropometry. 

Results: A fetal environment characterized by elevated cytokines was 

associated with poorer birth anthropometry, irrespective of HIV exposure.  Greater 

cord IFN-γ or IL-12p70 concentrations were associated with lower birth weight, and 

IL-12p70 and TNF-α were associated with shorter length.  Mothers who experienced 

higher plasma TNF-α during pregnancy delivered infants with smaller birth weights 

and delivered earlier.  In HIV-positive women, greater immunosuppression (CD4 
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count<350cells/µL) or recent ART initiation was associated with higher TNF-α 

compared to HIV-negative women.  Maternal HIV care that included HAART was 

associated with lower TNF-α, as was longer ART (≥2months).   Maternal cytokines 

during pregnancy did not correspond to fetal cytokines at delivery. 

Conclusions: Gestational inflammation was associated with poorer birth 

anthropometrics as indicated by both maternal and cord blood cytokine profiles.  

Although HIV-positive women with suboptimal HIV management experienced greater 

inflammation, many HIV-negative women were also at risk, reflecting the high non-

HIV infectious disease burden in this setting. 

Introduction 

Dramatic reductions in vertical HIV transmission have been achieved due to 

increased global access to PMTCT interventions.  As a result, the number of HIV-

exposed but uninfected infants living in HIV-endemic regions continues to increase.   

There is evidence that these infants, despite not being infected with HIV themselves, 

have poorer health outcomes and face an increased risk of growth faltering, morbidity 

and mortality [1].  Determinants of this disparity are not completely understood but 

are likely multifactorial, and understanding the consequences of fetal and infant 

exposure to an HIV-influenced environment is a global health priority.   

HIV infection has substantial effects on human health, especially when 

untreated as is still the case for many women in rural sub-Saharan Africa.  While ART 

saves lives by preventing HIV progression and reducing the risk of transmission, ART 

does not resolve all HIV-related complications.  HIV-induced inflammation is present 

from the earlier stages of infection [2-5], and sustained inflammation is characteristic 
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of chronic HIV infection.  Inflammation, mediated by pro-inflammatory cytokines, has 

widespread detrimental effects on immune function and overall health [6, 7].  Excess 

pro-inflammatory cytokines are believed to disrupt central and peripheral regulation of 

appetite, weight, and body composition [8].  If chronic inflammation occurs during 

pregnancy, maternal appetite and weight-regulatory mechanisms may be disturbed, 

with potential spill-over consequences for fetal growth and development. 

A number of studies have investigated the role of maternal cytokines in the 

pathogenesis of adverse pregnancy outcomes including preterm delivery and IUGR [9-

13], but results are mixed, and there is a shortage of HIV-specific data.  Moreover, 

existing data are largely from developed countries with differential exposure to 

pathogens.   Region-specific investigation of these relationships is warranted as 

frequent infectious exposures, nutritional deficiencies, inadequate medical care, and 

poor hygiene may contribute to chronic immune activation in both HIV-infected and 

HIV-uninfected individuals in developing countries [14, 15]. Therefore, the main 

objective of this prospective cohort study was to investigate cytokine profiles 

consisting of pro-inflammatory (TNF-α, IL-1β, IL-6, IFN-γ, IL-2, IL-12p70 and IL-

15) and anti-inflammatory (IL-10 and IL-13) cytokines in peripheral and umbilical 

cord blood among pregnant women living in rural and semi-rural Tanzania in relation 

to birth anthropometry. 

Methods 

Study Population 

The study was conducted in Kisesa ward, a rural and semi-urban area in the 

Magu district of Mwanza region, northwestern Tanzania.  Participants were recruited 
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from the antenatal clinic at Kisesa Health Centre, a government-run health facility, 

and from surrounding rurally-based primary health care dispensaries.  Eligible 

participants had confirmed HIV serostatus (screening with Determine™ HIV-1/2 

[Inverness Medical] and confirmation with Uni-Gold™ HIV-1/2 [Trinity Biotech]), a 

stated intention to remain in the catchment area for the duration of pregnancy, and 

singleton births.  Recruitment occurred between March and November 2012, with 

follow-up interviews continuing until all participants had delivered or otherwise exited 

the study.  For every HIV-positive women enrolled, one to two HIV-negative women 

were recruited to serve as a comparison.   

Tumor necrosis factor (TNF)-α was selected as the primary analyte given the 

availability of literature demonstrating body weight-regulation mechanisms in other 

clinical conditions.  A sample size of 41/group was calculated based on a mean 

difference in serum TNF-α of 20 pg/mL between HIV-positive and HIV-negative 

mothers that was extrapolated from a U.S.A-based cohort [16], assuming a standard 

deviation (SD) of 32 pg/mL, a power of 80%, and a significance level of 5%.  To 

account for study withdrawals and non-singleton pregnancies, 114 pregnant women 

(44 HIV-positive and 70 HIV-negative) were recruited.  

All participants provided written informed consent for themselves and on 

behalf their infants, and the study was approved by the Tanzanian National Health 

Research Ethics Review Committee and the Cornell University Institutional Review 

Board.  This observational study is registered at ClinicalTrials.gov, number 

NCT01647841. 
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Data Collection 

Participant demographic information and medical history were obtained by a 

native Swahili-speaking study nurse, and hemoglobin concentration was determined 

using a Hemo-Control photometer (EKF Diagnostics, Magdeburg, Germany).  

Maternal weight and height were measured to the nearest 0.2 kg and 0.1 cm, 

respectively, using a mechanical beam scale with a height rod (Health O Meter, Inc., 

Bridgeview, IL), and mid-upper arm circumference was measured to the nearest 0.1 

cm using a tape measure.  Infant birth anthropometric measurements (weight, length, 

MUAC, and head circumference) were measured within 72 hours of delivery by 

trained research nurses.  Infant weight was measured to the nearest 0.01 kg using a 

digital infant scale (Seca 334 Digital Baby Scale), length to the nearest 0.1 cm using a 

length board, and MUAC and head circumference to the nearest 0.1 cm using a tape 

measure.    

Laboratory Methods 

Maternal blood was collected during antenatal visits, and for women choosing 

to deliver at Kisesa Health Centre, venous umbilical cord blood (UCB) was collected 

immediately following delivery.  BDTM P800 Blood Collection System tubes (cat# 

366421) containing DPP-IV, esterase and other protease inhibitors were used for 

blood collection.  Up to 5 mL of whole blood was collected in each tube and blood 

samples were centrifuged at 1000xg for at least 10 minutes to isolate plasma.  Plasma 

was aliquoted into microcentrifuge tubes and stored at -20°C until batch analysis.  

Plasma concentrations of cytokines (TNF-α, IFN-γ, IL-10, IL-12p70, IL-15, IL-13, IL-

1β, IL-2, and IL-6) in maternal peripheral blood and UCB were measured using 
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MAGPIX® instrumentation with xMAP® technology (Luminex Corporation) and 

MILLPLEX® MAG magnetic bead-based multianalyte panels (Cat. #HCYTOMAG-

60K).  All procedures were performed in accordance with manufacturer’s instructions 

and manufacturer quality control and pooled plasma quality assurance samples were 

included in each assay run.  A plate passed quality standards if the mean plate 

coefficient of variation was <10%.  When an analyte was not detected above the assay 

limit of detection (3.2 pg/mL for all cytokines), the sample was run on a separate plate 

to confirm the validity of the data.   

Statistical Analysis  

Cytokine concentrations were compared between HIV-positive or HIV-

exposed and HIV-negative or HIV-unexposed groups using a two-step method.  First, 

proportions of cytokines that exceeded the assay detection limit were compared 

between groups using the Pearson chi-square test.  For those cytokines with detectable 

concentrations in >20% of samples, values of detectable cytokines were natural log-

transformed and compared using Student’s t-test.  These data were then back-

transformed to yield geometric means and confidence intervals.  To examine how 

maternal HIV-related health and treatment corresponded to maternal cytokine 

concentrations, the HIV-positive group was stratified according to CD4 cell count 

(≥350 or <350 cells/µL, with the latter representing the Tanzanian eligibility for ART 

at the time of data collection) and antiretroviral therapy duration (ART duration <2 

months [including those whom had not yet initiated ART] or ART duration ≥2 

months) and ART type (none, AZT only, HAART).  
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Relationships between continuous birth outcomes and maternal plasma and 

UCB cytokines were assessed using linear regression models adjusted for infant 

gender, with maternal plasma models also adjusted for gestational age at blood draw.  

Associations between maternal and UCB and birth outcomes were analyzed both 

continuously and categorically.  For cytokines in which 80% of participants had 

concentrations below the assay limit of detection, data were dichotomized as 

detectable (high) or not detectable (low).  In the absence of established clinical cut-

offs, these cytokines were dichotomized based on the distribution of the data 

(high=highest quartile, low=lowest three quartiles).  A novel scoring index was 

developed to examine the association between multiple UCB cytokines and birth 

weight.  Scores were obtained by summing the number of “high” cytokines in each 

UCB sample and categories for cytokine score were: Low=0 high cytokines; 

Moderate=1-3 high cytokines; High= ≥4 high cytokines.   All data were analyzed 

using STATA12 (STATA Corporation, Texas, USA) using a statistical significance 

level of α=0.05, with two-sided hypothesis testing. 

Results 

Of the 114 enrolled participants, 100 were followed through delivery, 3 

experienced a miscarriage, 2 had stillbirths and 9 exited the study prior to giving birth.  

Of the nine participants who exited prior to delivery or fetal loss, six moved from the 

clinic catchment area (three HIV-positive, three HIV-negative women) with an 

additional three HIV-positive participants withdrawing for unspecified reasons.  All 

HIV-exposed infants were followed through six months post-partum and remained 

HIV-negative.  
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Maternal and Infant Characteristics  

Characteristics of women and their newborns are summarized in Table 3.1.   

Table 3.1. Characteristics of HIV-positive and HIV-negative Pregnant Women 

and their Newborn Infants, Tanzania, 2012-13 
 

     HIV-positive  HIV-negative  

   n Mean ± SD or %  n Mean ± SD or % P* 

Maternal characteristics 

 Age, years  44 28.9 ± 6.0  70 27.4 ± 6.0 0.192 

 Parity  44 2.5 ± 1.9  70 2.4 ± 1.7 0.780 

 Body mass index, kg/m2  44 23.4 ± 2.9  70 23.4 ± 2.5 0.928 

 
Mid-upper arm 

circumference, cm 
 44 27.3 ± 2.9  70 26.6 ± 2.5 0.192 

HIV severity and treatment 

 CD4 cell count2,  cells/µL  43 459 (330-774)†     

  ≥500, n (%)  20 46.5     

  350 to 499  12 27.9     

  200 to 349  7 16.3     

  <200  4 9.3     

 
Antiretroviral regimen at 

enrollment 
       

  
AZT only (for PMTCT), 

n (%) 
 24 54.5     

  HAART  15 34.1     

  None  5 11.4     

Newborn characteristics‡ 

 Fetal death  3 7.3  2 3.1 0.325 

 Gestational age, weeks  38 37.7 ± 3.0  62 38.4 ± 3.6 0.274 

 
Preterm delivery (<37 

weeks) 
 13 34.2  17 27.4 0.472 

 Birth weight, grams  35 3010 ± 515  56 3265 ± 403 0.010 

 Low birth weight (<2500 g)  3 8.6  2 3.6 0.309 

 Birth length, cm  30 45.8 ± 0.5  49 47.0 ± 0.2 0.012 

 Birth head circumference, cm  30 34.1 ± 0.3  49 34.2 ± 0.5 0.854 

 Birth MUAC, cm  30 10.5 ± 0.2  49 11.3 ± 0.5 0.245 

Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation; AZT, zidovudine; PMTCT, 

prevention of mother-to-child transmission of HIV; HAART, highly active antiretroviral therapy. 

* Comparisons were made between HIV-positive and HIV-negative groups.  Student’s t-test was used to 

compare continuous variables and Pearson chi-square test was used to compare categorical variables. 

† CD4 cell count was non-normally distributed, presented is the group median (interquartile range). 

‡ Fetal death was defined as self-reported miscarriage or stillbirth.  Infant birth weight was available from 91/100 

(91%) of cohort (HIV-positive: 35/38 [92%]; HIV-negative: 56/62 [90%]).  Additional birth anthropometry was 

available from 79/100 participants (HIV-positive: 30/38 [79%]; HIV-negative: 49/62 [79%]). 
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Cohort enrollment occurred throughout the second and third trimesters at a 

mean gestational age of 26.9 weeks (SD±6.9).  Clinical assessment indicated that 

women were not malnourished according to BMI (mean ± SD=23.4±2.6, range: 18.5 

to 31.0 kg/m2), and none met the clinical definition for adult stunting (height <145 

cm).  Few HIV-positive women were experiencing severe immunosuppression as 45% 

had normal CD4 cell counts (defined as >500 cells/µL).  Hemoglobin (Hb) 

concentrations were available from 78% (89/114) of mothers and indicated a high 

prevalence of maternal anemia (55% classified as anemic according to Hb <11 g/dL) 

and similar Hb concentrations between groups (mean±SD: HIV-positive=10.7±1.8 vs 

HIV-negative=10.4±1.7 g/dL, P=0.532).  Based on these health indicators that are 

applicable to routine assessment in this setting, HIV-positive and HIV-negative 

women were in comparable health.   

Obstetrical history questionnaires indicated that 20% of all women had 

previously experienced a miscarriage and 11% had a previous stillbirth; both were 

proportionally more common among HIV-positive women (vs. HIV-negative women: 

miscarriage=27 vs 16%, P=0.134; stillbirth=18 vs 7%, P=0.071).  In this study, 7% 

(3/44) of HIV-positive women miscarried, and 3% (2/70) of HIV-negative women had 

stillbirths.  Preterm delivery was common, with 30% of women giving birth before 37 

weeks completed gestation; however, only 5% of newborns were classified as low 

birth weight (<2500 g), and 7% (6/91) were classified as small-for-gestational age 

(defined as birth weight <10th percentile for gestational age [17] compared to WHO 

growth standards).  Despite comparable maternal health, on average, HIV-exposed 

infants were smaller than those born to HIV-negative mothers.  In utero HIV-exposure 
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was associated with a 255g lower birth weight (P=0.010) and a 1.2 cm shorter birth 

length (P=0.012), even though gestational age at delivery was not different. 

Maternal Plasma Cytokine Concentrations and Birth Anthropometry 

Cytokine concentrations in maternal plasma are summarized in Table 3.2.  

TNF-α was the most frequently detected cytokine being detectable in 96% of maternal 

plasma samples, while IFN-γ, IL-12p70, IL-15 and IL-10 were detectable in >20% of 

samples.  Detection of TNF-α or IL-15 was more frequent in the third trimester 

compared to the second (100 vs. 93%, P=0.045; and 35 vs. 20%, P=0.002, 

respectively), but no other differences were apparent according to the gestational age 

at the time of maternal plasma collection.  The correlation matrix indicated that 

maternal plasma TNF-α was most strongly correlated with the anti-inflammatory 

cytokine, IL-10 (Pearson correlation coefficient r=0.42, P<0.001), whereas IL-10 was 

correlated with IL-12p70 (r=0.41, P=0.029) and IL-15 (r=0.45, P=0.038).  IL-15 was 

positively correlated with both IL-12p70 (r=0.57, P=0.013) and IFN-γ (r=0.48, 

P=0.025).   
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Higher TNF-α concentrations were associated with HIV-seropositivity, lower 

CD4 cell counts, antiretroviral naivety or non-HAART regimens and shorter duration 

(<2 months) of any ART regimen (Figure 3.1). Similar trends were observed for IL-

10 although associations were not significant with the exception that IL-10 was 

significantly higher among HIV-positive women on any ART for <2 months.  The 

number of samples with detectable values for the remaining cytokines was insufficient 

to permit subgroup comparisons based on HIV status. 
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Figure 3.1. (A-D) Associations between Maternal Plasma TNF-α or IL-10 

Concentrations and HIV-related Health or Treatment Indicators 

Data are predicted marginal means and 95% confidence intervals from linear 

regression analyses adjusted for gestational age at blood draw using detectable 

cytokine data.  Data were natural log-transformed for testing statistical significance.  

Group sizes for TNF-α/IL-10 were: HIV-negative=69/57; CD4 <350=11/6; CD4 

≥350=29/26; antiretroviral therapy (ART) <2 months=23/20; ART ≥2 months=18/13; 

no ART=5/4; zidovudine (AZT) only=23/19; highly active antiretroviral therapy 

(HAART) =13/10. 
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In adjusted linear regression analyses of birth outcomes, higher maternal 

plasma TNF-α was associated with lower birth weight and earlier gestational age at 

delivery (Table 3.3).  Models of TNF-α and gestational age-adjusted birth weight also 

showed a significant association (β= -254g, P=0.032).  Maternal plasma TNF-α was 

the only cytokine associated with birth outcomes, and no maternal cytokines were 

associated with fetal loss, preterm delivery or low birth weight).   

Umbilical Cord Blood Cytokine Concentrations and Birth Anthropometry 

Umbilical cord blood cytokines are summarized in Table 3.2.  Cytokines had 

right skewed distributions, while IL-13 was detectable in only one sample and IL-2 

was undetectable.  Among cytokines in which >20% of values were above the 

detection threshold (TNF-α, IL-6, IL-15, and IL-10), TNF-α was correlated with IL-10 

(r=0.70, P<0.001) and IL-6 (r=0.72, P<0.001).  In this cohort, neither the proportion of 

detectable UCB cytokines nor the absolute concentrations varied according to fetal 

HIV-exposure.   

Greater UCB cytokine concentrations were consistently associated with lower 

birth weight and shorter length, but not with gestational age at parturition (Table 3.3).  

Infants with higher UCB IFN-γ and IL-12p70 had significantly lower birth weights 

(linear regression adjusted for gestational age: β= -459, P=0.008; β= -668, P=0.001, 

respectively).  Higher IL-12p70 was also associated with shorter birth length, whereas 

greater TNF-α concentrations were associated with lower birth length and smaller 

head circumferences.  In models adjusted for infant gender using continuous UCB 

variables, concentrations of natural-log transformed IFN-γ and IL-12p70 were 

associated with lower birth weight (β= -135, P=0.004; β= -176, P=0.001, respectively) 
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and IL-12p70 was also associated with shorter birth length (β= -0.55; P=0.012).  There 

were no significant associations between birth MUAC and UCB cytokines. 
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Using a cytokine index, the combined exposure to higher UCB cytokines 

across multiple cytokines was related to birth outcomes.  This analysis indicated the 

highest UCB cytokine score group was associated with a 550g lower birth weight 

compared to the lowest cytokine score group (P=0.004), and a 664g lower birth weight 

compared to the moderate cytokine score group (P=0.001) (Figure 3.2).  There were 

no significant trends between cytokine scores and other continuous birth outcomes.     

 

 

Figure 3.2. Relation of Umbilical Cord Cytokine (UCB) Index to Birth Weight 
Data are predicted marginal means and 95% confidence intervals from linear 

regression analysis of birth weight, adjusted for infant gender.  The index was 

determined based on the number of “high” cytokines in umbilical cord blood summed 

for each individual.  Cytokine index categories were defined as Low=0 high 

cytokines; Moderate=1-3 high cytokines; High=≥4 high cytokines.  

  

Discussion 

In this prospective cohort, immune activation characterized by increased 

cytokine concentrations in maternal plasma or UCB was associated with poorer fetal 

growth, irrespective of HIV-exposure.  Although lower birth weight and gestational 
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age at delivery were associated with the pro-inflammatory cytokine TNF-α in maternal 

plasma, both pro-inflammatory (TNF-α, IFN-γ, and IL-12p70) and immunoregulatory 

(IL-10) cytokines were associated with poorer anthropometric measures including 

birth weight, length, and head circumference.  Modelling the combined impact of 

multiple elevated cytokines indicates the effect on birth weight may be additive.  

Despite a number of maternal health similarities between HIV-positive and HIV-

negative women, HIV-positive women had higher plasma TNF-α concentrations.  

TNF-α was, in turn, associated with less favorable maternal HIV care, typified by a 

shorter duration of any ART regimen, non-HAART regimens, or lower CD4 cell 

counts.  Understanding mediators of fetal growth is important as HIV-exposed infants 

were born smaller according to gestational age-adjusted birth weight and length, and 

this poorer start to life may have ongoing health implications in this setting [18].   

Normal pregnancy is considered a state of carefully-controlled, but not fully 

understood, maternal immune modulation.  The first trimester is characterized by a 

mild inflammatory state, followed by a subtle shift towards T helper 2 (Th2)-type 

cytokines as pregnancy progresses [19, 20].  Overall, cytokines play important roles in 

maintaining a healthy pregnancy, and disturbances in maternal cytokine profiles have 

been linked to adverse pregnancy outcomes [10, 21-24].  In the current study, higher 

maternal plasma TNF-α was associated with smaller birth weights, and this 

relationship persisted after adjustment for gestational age at delivery.  Previous studies 

examining associations between fetal growth restriction (FGR) and peripheral 

circulating maternal pro-inflammatory and anti-inflammatory cytokines have produced 

heterogeneous results that may be related to the complexity of interpretation of 
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dynamic cytokine profiles as well as differences in assay methodology or pathologies 

causing FGR [9, 10, 25-27].  In a Spanish cohort, Bartha and colleagues reported that 

elevated maternal TNF-α was associated with FGR [26].  Similar results were 

observed in a Dutch cohort, which linked elevated maternal TNF-α to infants 

classified as small for gestational age (SGA) [25].  Together, these findings suggest 

that a pro-inflammatory cytokine bias is related to restricted fetal growth.   

HIV-associated inflammation is linked to poor viral control, and ART is 

associated with reduced circulating pro-inflammatory cytokines [28, 29].  The findings 

in this study are consistent with the observation that a longer duration of ART or 

optimal ART regimen (e.g. HAART>AZT only>none) as well as higher CD4 cell 

counts were associated with lower maternal plasma TNF-α concentrations.  As 

Tanzania and other countries in sub-Saharan Africa transition towards Option B+ of 

the World Health Organization PMTCT interventions, decreased maternal TNF-α 

inflammation may provide an additional benefit of more aggressive ART that has not 

been previously demonstrated.  Although better maternal HIV care was associated 

with TNF-α concentrations similar to HIV-negative women, the mean TNF-α of both 

HIV-positive and HIV-negative women in this cohort was still higher than in a 

U.S.A.-based cohort of HIV-positive pregnant women (70.8 vs. 20.6 pg/mL) although 

ranges were similar [16]. While further data are needed from other populations, the 

higher maternal plasma TNF-α concentration in the current study suggests that chronic 

pathogen exposure, associated immune activation and non-HIV infectious diseases 

typically experienced by women living in a rural and semi-rural developing country 

setting may have broader fetal health implications.   
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 Whereas higher maternal plasma TNF-α concentration during pregnancy was 

associated with poorer outcomes, the intrauterine cytokine environment may represent 

a more proximal fetal exposure.  In this study, higher UCB IFN-γ and IL-12p70 

corresponded to smaller birth weights, IL-12p70 and TNF-α were associated with 

shorter birth length, and TNF-α was associated with smaller head circumference.  

Additionally, the cytokine index suggested that the combined impact of immune 

activation was associated with smaller birth weights.  Although limited reports have 

been published that have examined UCB and fetal growth, in a U.S.A.-based study, 

greater UCB IFN-γ or IL-12p70 were associated with protection against SGA, 

particularly among infants born prematurely [30].  The authors hypothesized that these 

unexpected findings may be due to reverse-causality whereby healthier fetuses had 

more robust immune responses.  In a South African cohort, HIV-exposed infants had 

increased UCB PHA-stimulated IL-10 and a trend towards increased PHA-stimulated 

IFN-γ concentrations compared to HIV-unexposed infants [31], whereas a Danish 

cohort reported UCB IFN-γ was lower in HIV-exposed infants compared to HIV-

unexposed infant [1].   

Further research is needed to understand better the intrauterine cytokine 

environment and fetal health, particularly since studies using UCB share the same 

technical and ethical limitations that prevent in utero fetal blood collection.  From a 

temporal perspective, the easier to obtain UCB cytokines reflect a recent exposure 

occurring close to delivery compared to the possibly more relevant assessment of the 

fetal cytokine environment throughout gestation.  Although maternal plasma cytokines 

demonstrated an independent association with birth weight in this study, it is not 
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justified to use maternal plasma as a proxy for fetal cytokine exposure.  In the current 

study, maternal and UCB cytokines were uncorrelated, and it has been previously 

reported that maternal circulating pro-inflammatory cytokines are unlikely to cross the 

placenta, except under conditions of stress and increased fetal membrane permeability 

[32].   

Although analyzing multiple cytokines with pro-inflammatory, anti-

inflammatory, and regulatory roles using multiplex methodology has time, sample 

volume, and resource advantages compared to traditional ELISA techniques, the study 

sample size was calculated to detect TNF-α differences.  As a result, additional 

individual studies or meta-analyses powered to detect differences in all reported 

analytes is needed.  Similarly, future studies will need to conduct additional analyses 

exploring subgroup differences, including UCB cytokines according to HIV-exposure.  

Although this study was designed to investigate the consequences of altered cytokine 

concentrations per se, it was unable to address the causes of such alterations.  Malaria 

and syphilis are associated with negative birth outcomes in this region [17, 18] and 

likely contribute to the generalized inflammation observed in this setting.  Although 

none of the participants in the current study were identified as having either malaria or 

a sexually-transmitted infection (other than HIV), it is possible that some women may 

have had undiagnosed infections.  Future research aimed at identifying determinants 

of maternal pregnancy and UCB cytokine alterations, as well as the associated 

consequences in this population will help guide intervention efforts.   

 In summary, this study demonstrated that high cytokine concentrations in 

maternal plasma and UCB have negative consequences on birth anthropometry.  
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Optimal maternal HIV care will not only reduce HIV transmission, but may also 

reduce HIV-associated inflammation that is associated with poorer birth outcomes in 

HIV-exposed infants.  This study presents new evidence that a fetal cytokine 

environment characterized by elevated UCB pro-inflammatory and immunoregulatory 

cytokines is associated with poorer fetal growth and development.  Future studies 

investigating the determinants of gestational and fetal inflammation and immune 

activation and their consequences are needed to inform interventions to improve 

maternal and fetal outcomes in regions with high pathogenic burdens.  
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CHAPTER 4 

MATERNAL CACHEXIA CHARACTERISTICS ARE ASSOCIATED WITH 

POORER FETAL AND EARLY POSTNATAL GROWTH INDICATORS IN A 

PROSPECTIVE COHORT OF HIV-EXPOSED AND –UNEXPOSED INFANTS 

 

Abstract 

Background: Chronic inflammation, cachexia and severe wasting are common in 

untreated HIV infection.  Even with ART, inflammation and mild cachexia may persist.  

Pregnancy increases metabolic demands, which may be exacerbated in the presence of 

cachectic mechanisms.  HIV infection is associated with adverse pregnancy outcomes, 

including poorer fetal growth; thus understanding the risk factors is a high priority.  

Maternal cachectic mechanisms may partially explain these associations, but have not 

been investigated directly.   

Methods: Physiological and psychosocial characteristics of cachexia were 

characterized in a rural Tanzanian prospective cohort that recruited 114 pregnant 

women (39% HIV-positive) at mid-gestation and 100 of their infants (38% HIV-

exposed).  Cachexia-associated plasma cytokines (TNF-α, IL-6, IL-1β, IFN-γ, IL-2) and 

hormones (leptin, ghrelin), clinical, obstetrical, nutritional, and anthropometric data 

were collected from mothers from mid-gestation through 6-months post-partum.  A 

cachexia score was quantified using a novel adaptation of a cachexia scoring system 

that included components to assess body weight and composition, immune and 

metabolic disturbances, physical performance, anorexia, and quality of life.  Infant 

weight and length were measured within 72 hours of birth and at 6 months postpartum.    
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Results: Maternal cachexia scores were inversely associated with fetal growth 

(birth weight= -12.1g, p=0.02; length= -0.01cm, p=0.004) and infant growth at 6-

months (weight-for-age z-score= -0.03, p=0.008).  Although the frequency of moderate 

cachexia and the overall degree of cachexia were similar between HIV-positive and 

HIV-negative groups (frequency: 14 vs 11%, p=0.73; mean score: 13.7 vs 12.5, p=0.48, 

respectively), HIV-exposed infants had less favorable anthropometric indicators, and 

there were significant interactions between maternal cachexia and HIV status.  In 

addition to the cumulative cachexia score, individual components were associated with 

poorer fetal and/or infant growth, including lower maternal body mass index, lower 

mid-upper arm circumference, TNF-α inflammation, and impaired physical 

performance.  Despite comparable health, HIV-positive women had greater plasma 

TNF-α concentrations during pregnancy (geometric mean=70.8 vs HIV-negative=62.0 

pg/mL; p=0.01).   

Conclusions: Symptoms suggestive of undetected mild cachexia in pregnancy 

are associated with poorer fetal and infant growth, with greater implications for HIV-

exposed infants.  Future investigations into the burden of maternal cachexia secondary 

to HIV-infection or other inflammatory conditions are needed.  Medical and nutritional 

monitoring and interventions should consider cachectic mechanisms that may act as 

barriers to improving maternal and child health.   

Introduction 

Chronic immune activation and inflammation are hallmarks of untreated HIV 

infection, although ART alone may not fully control inflammation [1].  For many 

women in resource-restricted regions, the timing of ART initiation often corresponds to 
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a first HIV diagnosis made during pregnancy.  While ART access is certainly 

increasing, universal access to the most effective HAART at diagnosis is not yet a 

reality in the developing world.  These circumstances suggest that inflammation during 

pregnancy remains probable for HIV-positive women.  In resource-restricted regions, 

inflammation among HIV-negative women may also be due to chronic immune 

activation and inflammation associated with a high generalized infectious disease 

burden and conditions associated with poverty [2, 3].   

Adverse pregnancy and fetal outcomes [4-7] are linked to inflammation via 

mechanisms that are incompletely understood.  Pro-inflammatory cytokines, including 

TNF-α, IL-6, IL-1β, and IFN-γ act as signaling molecules that have numerous roles in 

the immune response, but are also postulated to interact with the central nervous system 

to regulate appetite and energy balance [8].  Data describing inflammation and cachexia 

during pregnancy remain limited, perhaps because pregnancy-associated changes in 

weight and appetite mask or obscure many inflammation-mediated cachexia signs and 

symptoms.  Moreover, inadequate weight gain or other indications of maternal 

malnutrition are frequently assumed to be due to poor dietary intake related to poverty 

and food insecurity in resource-restricted regions.   

A failure to understand the causes contributing to maternal malnutrition is 

problematic because the medical and nutritional interventions needed to correct 

malnutrition will differ based on etiology (Figure 4.1).  In essence, interventions 

designed to improve fetal and infant growth outcomes will need to be appropriately 

matched to the underlying causes of suboptimal growth in order to be effective.  If 

maternal cachexia underlies poor fetal growth, then maternal food support alone—
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without treatment of the underlying pathology driving cachexia—will be insufficient to 

correct nutritional deficiencies that result from the dual metabolic demands of cachexia 

and pregnancy.   

 

Figure 4.1. Cachexia Mechanisms and Adverse Fetal and Infant Outcomes 

 

To date, the well-documented infant health and growth disparities associated 

with in utero HIV-exposure [9] remain to be fully explained despite the important 

association between infant anthropometry and childhood morbidity and mortality in this 

context [10].  We hypothesized that maternal inflammation mediates cachexia 

mechanisms that contribute to poorer fetal and infant growth and health outcomes 

among HIV-exposed infants.  Thus, the objectives were to evaluate biopsychosocial 
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characteristics of maternal cachexia in HIV-positive compared to HIV-negative mothers 

and to investigate associations with fetal and infant health outcomes.  Using a novel 

adaptation of a cachexia scoring system (CASCO) previously validated for pre-cachexia 

and cachexia detection and staging [11, 12], maternal cachexia scores were based on the 

evaluation of five symptom categories: (1) body weight and composition, (2) 

inflammation, metabolic disturbances and immunosuppression, (3) physical 

performance, (4) anorexia and (5) quality of life.   

Methods 

HIV-seropositive and -seronegative women living in rural and semi-rural 

northwestern Tanzania were recruited upon presentation for antenatal care at a 

government-administered universal access public health clinic, as well as from regional 

health dispensaries representing the very first level of Tanzanian health care.  

Recruitment took place from March to November, 2012 with follow-up continuing 

through July, 2013.  Eligibility criteria were: confirmed maternal HIV serostatus using 

screening with Determine™ HIV-1/2 (Inverness Medical) and confirmation with Uni-

Gold™ HIV-1/2 (Trinity Biotech), singleton pregnancy, and estimated gestation in the 

second and third trimesters.  Follow-up continued from delivery through 6-months 

postpartum.  Participants were compensated for travel and nominal clinic-related costs 

normally incurred by attendees for delivery, antenatal, and early infancy care. Written 

informed consent was obtained from mothers, and on behalf of their infants, at 

enrollment.  This study was approved by the Tanzanian National Health Research 

Ethics Review Committee and the Cornell University Institutional Review Board 

(ClinicalTrials.gov, number NCT01647841).  
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Health and demographics 

Questionnaires were administered to mothers by a native Swahili-speaking 

research nurse. Data were collected on socio-demographic characteristics such as age, 

parity, marital status, and education.  Functional status of mothers was evaluated by the 

research nurse using the Karnofsky Performance Scale, with score values ranging from 

0 to 100, using 10-unit increments where 100 indicates no apparent functional 

impairment [13].  Medical and obstetric history data were collected for all women.  For 

HIV-positive women, additional data on ART history, CD4 cell count, and date of HIV 

diagnosis were extracted from medical charts.  Tanzanian national policy for the 

PMTCT followed Option A of the WHO guidelines at the time of this study, which 

included maternal prophylactic AZT beginning as early as 14 weeks gestation.  If 

maternal CD4 cell count was <350 cells/µL, women were eligible to receive HAART 

consisting of AZT + 3TC + EFV.  All HIV-exposed infants were prescribed daily 

nevirapine to 6-weeks of age [14] and then tested for HIV seroconversion at age 3-

months; all infants remaining in the study cohort were HIV-negative.     

 Nutrition 

Food security was evaluated based on a modified version of the Household Food 

Insecurity Access Scale that has been previously validated in rural Tanzania [15].  Food 

security was evaluated at each postpartum study visit, and scores were averaged to yield 

a maternal food security index.  Maternal anthropometric measurements were collected 

during antenatal care and consisted of weight and height, measured using a mechanical 

balance beam scale with height rod (Health-O-Meter, Inc., Bridgeview, IL) to the 
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nearest 0.2 kg and 0.1 cm, respectively; and mid-upper arm circumference which was 

measured using a tape measure to the nearest 0.1 cm.  Infant birth anthropometrics 

(weight and length) and infant growth indicators at 6-months (weight-for-age and 

length-for-age z-scores) were measured by research nurses.  Infant weight was 

measured using a digital infant scale (Seca 334 Digital Baby Scale) to the nearest 0.01 

kg, and length was measured using a length board to the nearest 0.1 cm.  Collection of 

birth anthropometric data was restricted to measurements obtained within 72 hours of 

delivery.   

Laboratory Methods 

Whole maternal blood samples of 3 to 5 mL were collected from mothers at 

each visit, and plasma stored at -20°C until batch analysis.  Analyte concentrations were 

then determined by multiplex using MAGPIX® instrumentation with xMAP® 

technology (Luminex Corporation) and MILLPLEX® MAG multianalyte magnetic 

bead panels (Cat. #HCYTOMAG-60K and #HMHMAG-34K).  Cachexia-related 

analytes included pro-inflammatory cytokines TNF-α, IL-1β, IL-6, IFN-γ, and IL-2 and 

hormones leptin and ghrelin.  Analyses were performed in accordance with 

manufacturer instructions and each assay included manufacturer quality controls and a 

pooled plasma quality assurance sample.  The intra- and inter-assay coefficient of 

variation (CV) was <10% for all analytes.   

Cachexia Evaluation and Scoring 

The cachexia score was comprised of five components: (1) body weight and 

composition, (2) inflammation, metabolic disturbances and immunosuppression, (3) 

physical performance, (4) anorexia, and (5) quality of life as proposed by Argilés and 
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coworkers [11].  This was subsequently modified to the study context and population, 

and is summarized in Table 4.1.  Because pre-pregnancy weight was unavailable and 

normal weight changes during pregnancy could mask the effects of cachectic 

mechanisms, maternal weight change was not included in the modified study-specific 

scoring system.  Instead, body weight and composition were evaluated based on 

maternal BMI and mid-upper arm circumference, a proxy for lean body mass.   
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In the current study, inflammation and metabolic disturbances were evaluated 

using maternal circulating cytokine and hormone concentrations.  In the absence of 

standard clinical cut-offs for these analytes, each was evaluated based on the study-

specific distribution of the data.  This approach differs from the original CASCO system 

that used clinical laboratory data commonly available in developed, but not developing 

country contexts.  Immunosuppression was evaluated using plasma IL-2 concentration, 

as proposed in CASCO and additionally using CD4 cell count, because of its relevance 

to HIV infection.  Although CD4 cell counts were not directly measured in HIV-

negative participants, HIV-negative women were assumed to have levels at least at the 

lower limit of the normal range (CD4 count >500 cells/μL). 

Instead of using the Simplified Nutrition Assessment Questionnaire (SNAQ) as 

recommended in CASCO, the current study evaluated anorexia qualitatively based on 

questionnaire responses.  Preliminary feasibility assessments indicated SNAQ questions 

were problematic because answers reflected food insecurity, rather than clinical 

anorexia.  For example, the prompt “normally I eat…” and answers “a) less than one 

meal a day, b) one meal a day, c) two meals a day, d) three meals a day, or e) more than 

three meals a day” were deemed inappropriate for evaluating appetite-driven food 

consumption in conjunction with potentially co-existing food insecurity in this context.   

All remaining parameters were similar between the CASCO system and the 

study-adapted method.  Interviewer-assisted self-report of maternal quality of life and 

physical performance was ascertained using an adapted version of the European 

Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire 

(EORTC QLQ-C30).  EORTC QLQ-C30 is comprised of scaled questions covering 
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themes of physical functioning, role functioning, emotional functioning, cognitive 

functioning, social functioning, pain, fatigue, nausea and vomiting, appetite, and overall 

quality of life, and has been previously used to identify mild or “pre-” cachexia in 

cancer patients [11].  Furthermore, this tool has been validated in 81 languages, 

including Swahili, and has been previously used to evaluate health and quality of life in 

people with HIV/AIDS [16, 17].  Karnofsky scoring was added as a component of 

physical performance because of its practicality in evaluating physical function in 

resource-limited clinical settings.   

Statistical Analysis 

This study was powered to detect differences in plasma TNF-α between HIV-

positive and HIV-negative pregnant women.  Based on data from a USA-based cohort 

[18], a sample size of 41 per group was considered sufficient to detect a difference in 

serum TNF-α of 20 pg/mL between HIV-positive and HIV-negative mothers, assuming 

a standard deviation of 32 pg/mL, a power of 80%, and a significance level of 5%. 

Cachexia characteristics were evaluated independently, and then weighted and 

summed to yield an overall maternal cachexia score.  Cachexia score was also examined 

as a categorical variable using the CASCO staging scale whereby scores of 0 to 25 were 

suggestive of mild cachexia (inclusive of those with no clinical symptoms), 26 to 50 of 

moderate cachexia, and >50 of severe or terminal cachexia [11].  Maternal and infant 

characteristics were compared between HIV-positive mothers or HIV-exposed infants 

and HIV-negative mothers or HIV-unexposed infants using Student’s t-test for 

continuous variables and the Pearson chi-square test for categorical variables.  The 

statistical igrowup macro package (available at: www.who.int/childgrowth/software/en) 
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was used to calculate weight-for-age and length-for-age z-scores based on WHO growth 

charts.  Underweight and stunting were indicated when weight-for-age and length-for-

age z-scores were < -2.0 standard deviations below the median of the WHO growth 

charts.  Associations between maternal cachexia score and pregnancy or infant 

outcomes were examined using linear regression.  Data were analyzed using STATA12 

(STATA Corporation, Texas, USA), and statistical tests were two-sided with p<0.05 

considered statistically significant.  Unless otherwise specified, data are presented as 

means ± standard deviations.   

Results 

Of the 44 HIV-positive and 70 HIV-negative pregnant women recruited, 92% 

(n=105/114) remained in the study until delivery or fetal loss; and of these women, 85% 

(n=89/105) remained in the study through 6-months post-partum.  Reasons for study 

exit were fetal death (n=5), infant death (n=1), relocation from the study area (n=10), 

unspecified reasons (n=6), and loss to follow-up (n=3).  Study retention did not differ 

by maternal HIV-status, and 80.5% (n=33/41) of HIV-exposed and 87.5% (n=56/64) of 

HIV-unexposed infants remained enrolled until 6-months (difference between HIV-

exposed and HIV-unexposed infant retention; p=0.33). 

Characteristics of Pregnant Women 

Pregnant women enrolled had a mean gestational age of 26.9±6.9 weeks and 

were not experiencing severe undernutrition based on commonly available indicators 

(Table 4.2).  Average maternal antenatal BMI was 23.4±2.6 kg/m2, indicating that the 

majority of mothers were not undernourished, and both maternal short stature (height 

<150 cm) and maternal gestational wasting (MUAC <22 cm) were rare in this cohort, 
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based on clinical cut-points previously used in Tanzania [19]).  Maternal short stature 

and gestational wasting were separately detected in three participants, and only one 

participant presented with both conditions.  None of the maternal anthropometric 

indicators differed according to maternal HIV-serostatus.  All HIV-positive women 

were receiving ART by delivery, although specific regimen (34% receiving HAART, 

otherwise AZT only) and duration varied.  Despite this, nearly half (46.5%) of HIV-

positive women had normal absolute CD4 cell counts (n=20/43 with CD4≥500 

cells/μL), and only 9.3% were experiencing severe immunosuppression (defined as 

CD4 cell count <200 cells/µL).  Anemia was common in all women (55% hemoglobin 

<11 g/dL; data available from 78% of women), and mean hemoglobin was similar 

between HIV-positive and HIV-negative women (10.7±1.8 vs 10.4±1.7 g/dL, 

respectively; p=0.53).  Only 10% of mothers (n=11/114) had education beyond primary 

school, although the majority participated in income-generating activities (78%, 

n=89/114).  The only socio-demographic differences according to maternal HIV-status 

were that HIV-positive women were less likely to be married and had a lower 

household food security index.   
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Table 4.2. Cohort Characteristics at Enrollment, Birth and 6-months Postpartum  

  
HIV-positive mothers   

(n = 44) 

HIV-negative mothers 

(n = 70) 
 

  Mean ± SD or % Mean ± SD or % p-value* 

Maternal characteristics    

 Age (years) 28.9 ± 6.0 27.4 ± 6.0 0.19 

 Parity <1 15.9 (7/44) 12.9 (9/70) 0.65 

 Married 72.7 (32/44) 95.7 (67/70) <0.001 

 Earns income  81.8 (36/44) 75.7 (53/70) 0.44 

 Has electricity 6.8 (3/44) 11.4 (8/70) 0.42 

 Household food security index 12.2 ± 1.9 12.9 ± 1.6 0.04 

 Body mass index (kg/m2) 23.4 ± 2.9 23.4 ± 2.5 0.93 

 Height (cm) 160.1 ± 5.3 159.8 ± 5.7 0.79 

 Mid-upper arm circumference (cm) 27.3 ± 2.9 26.6 ± 2.5 0.19 

 CD4 count <350cells/μL† 25.6 (11/43)   

Pregnancy outcomes    

 Fetal death (stillbirth or miscarriage) 7.3 (3/41) 3.1 (2/64) 0.33 

 
Preterm delivery (<37 weeks 

gestation) 
34.2 (13/38) 27.4 (17/62) 0.47 

 Gestational age at delivery (weeks) 37.7 ± 3.0 38.4 ± 3.6 0.27 

 Birth weight (g) 3010 ± 515 3265 ± 403 0.01 

 Birth length (cm) 45.8 ± 0.5 47.0 ± 0.2 0.01 

Postnatal outcomes    

 Underweight at age 6 months 15.2 (5/33) 1.8 (1/56) 0.02 

 Stunting at age 6 months 66.7 (22/33) 51.8 (29/56) 0.17 

* Statistical tests were either Student’s t-test (continuous variables) or the Pearson chi-square test (categorical variables) for 

comparisons between mothers or infants according to maternal HIV status. 

† CD4 cell count was unavailable for one HIV-positive participant.  Because the distribution for CD4 cell count was left-

skewed, the median and interquartile range is shown.  

 

Characteristics of Infants 

Pregnancy and birth outcomes are summarized in Table 4.2.  These data 

demonstrate that despite remaining HIV-negative, HIV-exposed newborns had 

comparably lower birth weight and length, as well as a greater frequency of 

underweight at 6-months of age.   Birth weight was available from 91% (n=91/100) of 

the cohort including 92% (n=35/38) HIV-exposed and 90% (n=56/62) HIV-unexposed 

infants.  Birth length was available from 79% (n=79/100) of infants including 79% 

(n=30/38) HIV-exposed and 79% (49/62) HIV-unexposed infants.   
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Evidence of Maternal Cachexia  

In Table 4.1 we report the frequency of cachexia symptoms according to 

maternal HIV-status.  Many women were experiencing mild cachexia symptoms, but 

the degree of cachexia did not differ according to maternal HIV-status.  Likewise, the 

frequencies of individual cachexia symptoms did not differ by HIV-status, with the 

exception of elevated TNF-α, which was more common among HIV-positive women 

(TNF-α detection=96.5%; geometric mean; 95% CI: HIV-positive=70.8; 64.5 to 77.7 

and HIV-positive = 62.0; 58.3 to 65.9 pg/mL, p=0.02).  IL-6, IL-1β, IFN-γ and IL-2 

were detectable in <50% of samples (4, 3, 48, and 3%, respectively), and the proportion 

of samples with detectable concentrations did not differ based on HIV-status.  Plasma 

leptin was left-skewed (geometric mean; 95% CI: 2753 to 3790 pg/mL), and did not 

vary based on HIV-status (p=0.59), although the proportion of samples with detectable 

ghrelin was higher in HIV-positive women (91vs 67%; p=0.004).  Mean Karnofsky 

score was 86±6, and ranged from 60 (requiring occasional assistance but able to care for 

most needs) to 100 (normal, no evidence of impairment) and was not different between 

HIV-positive and HIV-negative women (86±6 vs 85±7, respectively; p=0.24).  Physical 

performance indicated that only 2% (n=2/114) reported severe limitations, while no 

participants reported severe appetite suppression or severely impaired quality of life.  

Despite the evidence demonstrating the average maternal cachexia was mild in nature 

(defined by a cachexia score ≤25), 12% of women had a moderate degree of cachexia 

(indicated by a cachexia score between 26 and 50), although this did not differ by HIV 

status (frequency of moderate cachexia in HIV-positive=13.6 and HIV-negative=11.4%; 

p=0.73).   



 

95 

 

Associations between Maternal Cachexia and Infant Outcomes 

Maternal cachexia score was inversely associated with fetal growth as indicated 

by birth weight and birth length in adjusted linear regression models (Table 4.3) and in 

scatterplots (Figure 4.2 [A-B]).  Maternal cachexia score remained associated with 

birth weight (β= -10.6 g per one unit increase in cachexia score, p=0.04) and length (β= 

-0.06 cm, p=0.01) even after adjusting for gestational age at enrollment, infant gender 

and maternal HIV status.  Statistical interaction between maternal cachexia and HIV 

status was not detected for either birth weight or length (p=0.20 and p=0.86, 

respectively).   Although the total maternal cachexia score was important, there were 

also individual score components significantly associated with birth weight and/or 

length.  As expected, maternal HIV was significantly associated with lower birth weight 

in regression models.   Additionally, greater maternal inflammation, as indicated by 

higher TNF-α concentrations, was associated with lower birth weight; greater maternal 

malnutrition, as indicated by lower maternal BMI, was associated with lower birth 

weight and length; and poorer maternal physical performance was associated with lower 

birth length.   
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Figure 4.2 (A-D) Scatterplots of Associations between Maternal Cachexia Score 

and Fetal or Early Postnatal Growth 
Presented are scatterplots and unadjusted linear fit lines.  Shaded regions represent low 

birth weight (A), underweight (C), and stunted (D).  Statistical interactions between 

maternal cachexia and HIV status were not detected for infant birth weight and length 

(p=0.02 and p=0.86, respectively), but were detected for infant weight-for-age and 

length-for-age z-scores at 6-months (p=0.02 and p=0.03, respectively). 
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Maternal cachexia was also inversely associated with infant anthropometry at 6-

months, as indicated by weight-for-age z-scores, with a corresponding inverse trend for 

infant length-for-age z-scores (Table 4.3 and Figure 4.2 C-D).  In adjusted models, 

maternal cachexia score was associated with lower weight-for-age at 6-months (β= -

0.03, p=0.009), with a trend towards lower length-for-age at 6 months (β= -0.03, 

p=0.11).  Maternal HIV status was also associated with lower birth weight (β= -0.65, 

p=0.005), but not length-for-age z-scores (β= -0.42, p=0.23).  Investigation of 

interactions between maternal cachexia score and HIV status indicated the presence of 

an interaction for both 6-month weight-for-age (p=0.02) and length-for-age (p=0.03) z-

scores.  Similar to birth anthropometrics, the individual cachexia score components of 

maternal nutritional status, as indicated by BMI and mid-upper arm circumference, as 

well as higher pro-inflammatory TNF-α concentrations, were associated with infant 

weight-for-age and length-for-age z-scores at 6-months. 

Discussion 

This study demonstrates that mild cachexia characteristics are present in a 

cohort of otherwise healthy HIV-positive and HIV-negative pregnant women and that a 

novel adapted cachexia scoring tool is able to identify the degree of maternal cachexia 

observed in these women.   Although identifying cachexia is important for maternal 

health, these findings suggest that the consequences of maternal cachexia may have 

long-term implications for infant growth.  Infants born to mothers experiencing a 

greater degree of cachexia symptoms during pregnancy had poorer intrauterine and 

early infancy anthropometric indicators.  Although anthropometry is an important 

barometer of overall health and is associated with the risk of early childhood morbidity 
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and mortality among all infants, this study indicates that the consequences of maternal 

cachexia combined with maternal HIV infection has a proportionally greater negative 

impact on HIV-exposed infants.   

A longstanding enigma remains even as PMTCT improves—why do HIV-

exposed infants who remain HIV-negative still have a poorer health prognosis 

compared to their HIV-unexposed counterparts?   Solving this puzzle has considerable 

public health implications given the large number of HIV-exposed infants worldwide, 

estimated to be as high as 30% of all live births in some southern African regions [20]. 

This study provides evidence in support of maternal cachexia as a potential contributor 

to the unexplained poorer outcomes associated with fetal and infant HIV-exposure.  

Although multiple studies have focused on fetal and infant immune modulation due to 

HIV-1 alone or in combination with ARTs [21], or socioeconomic disadvantages of 

living in HIV-affected households [22], none have examined pathways and mechanisms 

associated with cachexia that are unified in Figure 4.1.  Future research is needed to 

clarify points, such as when maternal cachexia is most relevant for fetal and infant 

health.  Exposure to cachexia cytokines and hormones during gestation [23] may be key 

during fetal programming, having possible longstanding effects extending beyond 

gestation.  Alternatively or additionally, post-partum maternal cachexia may continue to 

impact infant health via transmission of cachexia cytokines [24] and hormones in breast 

milk [25, 26].  Understanding the mechanisms that explain the associations observed in 

this study is also needed to in order to guide the timing and specific intervention 

components that may be appropriate during pregnancy.    
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Given the limited data on maternal cachexia, the development of a diagnostic 

tool is a key first step towards understanding the population-level burden of this 

problem, and also for guiding future development of antenatal monitoring and 

intervention protocols in other contexts.   This study demonstrated that a novel adapted 

cachexia scoring tool can identify the presence of mild to moderate levels of cachexia in 

HIV-positive and HIV-negative pregnant women.  A 2008 consensus panel defined 

cachexia as “a complex metabolic syndrome associated with underlying illness and 

characterized by loss of muscle with or without loss of fat mass” [27].  Several 

diagnostic tools have been proposed that expand upon this definition [28, 11, 29], and 

the comprehensive scoring system used in the current study was adapted from a cancer 

cachexia tool that enables early detection of mild cachectic symptoms [11].   Applying 

this strategy allowed simultaneous evaluation of biological and psychological 

dimensions of health that may be more relevant in this context than biomarkers of 

disease alone.  In this setting, psychological sensations of health have implications for 

productivity and quality of life.  This is important for individuals with physically 

demanding lifestyles that are typical of many pregnant women living in rural Africa 

where farming, income generation, childcare, and household maintenance are dependent 

on physical performance.  Accordingly, impaired physical function could reduce job 

earnings and increase the risk of poverty and food insecurity.  Even though the total 

cachexia score was associated with birth and infant outcomes, further refinement of the 

scoring tool should be considered for resource-restricted regions, a similar concern 

raised for the original CASCO tool [30].  A number of components were significantly 

associated with infant outcomes, including physical performance and maternal body 
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weight and composition and would require minimal resources to obtain, as would 

quality of life and appetite data. 

This study has unique strengths, but it also has notable limitations.  Pregnancy is 

a dynamic physiological condition, and normal changes associated with pregnancy are 

difficult to untangle from their potential interactions with cachexia characteristics.  For 

example, edema experienced in pregnancy will lead to higher maternal BMI and 

increased appetite associated with pregnancy may obscure simultaneous cachexia-

driven appetite suppression.  MUAC also has limitations as an indicator of lean body 

mass.  Both fat and lean mass are included in MUAC measurement and the relative 

proportions of each will vary based on individual characteristics and gestational weight 

gain patterns.  Dual energy X-ray absorptiometry (DEXA) and similar techniques would 

provide more accurate total and lean body mass estimations; however, DEXA is not 

feasible in rural clinic settings and DEXA scans are contraindicated during pregnancy.  

For these reasons, further research in different pregnant populations, including healthy 

pregnancies, is needed to develop and validate contextually-appropriate body mass 

assessment and screening tools.  A context-specific limitation was the challenge in 

ascertaining appetite data in a setting with coexisting food insecurity.  Appetite tools 

designed specifically for poverty and food security-endemic contexts would be an 

improvement, although for the most part, they remain unavailable [31].The findings of 

this study suggest that pregnant women in rural, sub-Saharan Africa experience mild 

manifestations of cachexia that relate to birth and early childhood anthropometric 

indicators.  Importantly, the negative consequences of mild undetected cachexia on fetal 

and infant growth may be greater in infants with HIV-exposure.  These relationships 
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should be explored further in the context of other pregnant populations, including those 

experiencing chronic non-infectious inflammatory conditions.  Maternal cachexia 

should be perceived as a potential biological barrier to optimizing fetal and infant health 

outcomes among individuals, and medical and nutritional interventions need to be 

appropriately targeted.
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CHAPTER 5 

CONCLUSION 

 

Summary  

This research was designed to improve our understanding of how maternal 

HIV-infection influences maternal, fetal and early childhood outcomes in the context 

of rural sub-Saharan Africa.  In particular, we investigated cachexia mechanisms as 

mediators of the association between HIV-exposure and poorer infant anthropometric 

outcomes.  There were three specific aims of this dissertation that were discussed in 

detail in chapters two through four.  In this chapter, we summarize the findings from 

each specific aim, discuss the public health implications of this research and propose 

future research directions.    

Children born to HIV-infected mothers experience poorer heath, growth and 

survival outcomes [1]; and understanding the factors responsible for disparities among 

HIV-exposed children is an important public health priority.  Maternal undernutrition 

increases the risk of pregnancy adverse outcomes and pregnant women with HIV 

infection are a nutritionally vulnerable group.  Infection with HIV induces nutrition-

related complications that include decreased appetite, malabsorption of nutrients, 

diarrhea, and increased energy requirements.  Chronic inflammation, a hallmark of 

HIV infection, is postulated to mediate HIV-related weight loss.  In the context of 

pregnancy, HIV-induced inflammation could have important consequences for 

maternal and infant health; but previous studies have not investigated this mechanism 

specifically.   



 

108 

Our first aim was to investigate gestational anthropometric measurements as 

prognostic determinants of infant birth size and early childhood growth among HIV-

exposed and HIV-unexposed infants in Tanzania.  We evaluated anthropometric 

indicators typically collected during antenatal care in Tanzania (weight and height) as 

well as non-standard measurements (MUAC and TSF) and compared these to infant 

weight and length at birth and ages 1, 2, 3, and 6 months.  In this cohort, maternal HIV 

infection and low maternal MUAC during pregnancy corresponded to poorer infant 

growth indicators.  Infants born to HIV-infected mothers had lower WAZ at months 2, 

3, and 6 and lower LAZ at month 2, despite HIV-infected mothers reporting better 

infant feeding practices compared to HIV-negative mothers.  Low maternal gestational 

MUAC was also associated with lower infant WAZ at all postnatal study visits and 

lower LAZ at 6 months.   

The study contributes evidence from an understudied population of mother-

infant dyads living in rural and semi-rural sub-Saharan Africa.  In this context, infants 

born to HIV-infected mothers experienced less favorable birth and early childhood 

anthropometric outcomes.  Maternal gestational MUAC was associated with infant 

growth indicators through six months, and, based on our findings, maternal MUAC 

may be a useful screening tool for identifying infants at risk for poor growth 

outcomes.    

Our second aim was to characterize cytokines in maternal plasma during 

pregnancy and in umbilical cord blood plasma collected immediately following 

delivery and relate these to birth outcomes in a cohort of mixed HIV-status mothers 

and their newborn infants.  We hypothesized that maternal and fetal immune 
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activation related to maternal HIV infection may be partially responsible for the 

disparate birth and early childhood outcomes experienced among HIV-exposed infants 

in sub-Saharan Africa.     

Maternal cytokine profiles were similar between HIV-infected and HIV-

uninfected pregnant women, but TNF-α concentration was higher in the HIV-infected 

group.  In addition, we observed that within the HIV-infected group, longer duration 

of antiretroviral therapy and more aggressive ART regimens corresponded to lower 

TNF-α concentration during pregnancy.  In umbilical cord blood samples, elevated 

concentrations of pro-inflammatory and anti-inflammatory cytokines were associated 

with lower weight and length at birth.  This finding has clinical significance because 

birth weight is an important determinant of infant survival, especially in resource-

limited settings [2].  In this study, umbilical cord cytokine concentrations were not 

associated with either gestational age at delivery or preterm delivery.  Based on these 

results, it appears that intrauterine immune hyperactivity may play a role in fetal 

growth regulation.  However, because umbilical cord blood was collected near the 

time of delivery and was not available during gestation when fetal growth takes place, 

we cannot confirm a link between intrauterine immune hyperactivity and fetal growth.     

To summarize, these findings suggest that inflammation and intrauterine 

immune hyperactivity in maternal and fetal biological compartments may be 

determinants of infant birth anthropometrics.  Interventions targeting fetal growth in 

this context should consider gestational inflammation as a potential barrier to 

improving in fetal growth outcomes.    
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The third aim was to examine biopsychosocial characteristics of cachexia 

among HIV-infected and HIV-uninfected pregnant women, and relate cachexia 

characteristics to infant birth and early childhood growth outcomes.  Our goal was to 

evaluate if mild cachexia was present in this population using an adapted version of 

CASCO [3].  CASCO was designed to stage cachexia secondary to cancer and to 

detect pre-cachexia.  Using a modified version of CASCO, we observed that a higher 

cachexia score during pregnancy corresponded to lower infant birth weight, birth 

length and WAZ at 6 months.  Furthermore, we detected significant interactions 

between maternal HIV and cachexia score for infant WAZ and LAZ at 6-months.  

Individual components of the cachexia score, such as elevated TNF-α, low body mass 

index, and poor physical performance, were also associated with fetal and infant 

growth indicators. 

 Our assessment suggests that a mild form of cachexia, resulting from HIV 

infection or other causes, may be present among pregnant women in sub-Saharan 

Africa with important implications for fetal and infant growth.  Furthermore, we 

contribute evidence that mild cachexia can be detected in the context of pregnancy 

using a multifaceted scoring approach.  Our findings also suggest that mild maternal 

cachexia may have greater consequences in HIV-exposed infants.     

Public Health Implications  

As ART for PMTCT continues to expand, more children will be born HIV-

exposed, but remain HIV-uninfected.  These children will account for a considerable 

proportion of the population in many sub-Saharan African countries.  Therefore, 

understanding the potential long-term consequences of perinatal HIV-exposure is 
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important for establishing public health priorities in this potentially vulnerable and 

economically important group.  The current study provides further evidence of early 

childhood growth disparities among infants born to HIV-infected mothers.   

We also observed an association between increased duration and strength of 

ART during pregnancy and reduced maternal inflammation.  Currently, Tanzania is 

shifting its national PMTCT of HIV strategy toward more aggressive antiretroviral 

therapy for all mother, regardless of CD4 cell count.  In accordance with the most 

recent WHO PMTCT recommendations, Tanzanian national policy will include 

HAART beginning at HIV diagnosis and continuing throughout life for all pregnant 

and lactating women.  The purpose of lifelong HAART in this population is to 

eliminate mother-to-child HIV transmission; however, our results indicate that 

decreased maternal TNF-α concentration may provide an additional benefit to more 

aggressive ART during pregnancy.  Exposure to higher maternal peripheral TNF-α 

concentration may adversely impact fetal growth, as our results suggest, and may also 

confer hidden consequences related altered development of fetal immune responses 

and other regulatory systems.   

This research identified maternal MUAC as an effective screening tool for at-

risk mothers and children that is also practical in a resource-limited clinical setting.  

Maternal MUAC measurement could easy be incorporated into antenatal care in 

Tanzania as measurement requires only an inexpensive tape measure, requires little 

assessor training, and can serve as a gestational age-independent barometer of 

nutritional status in this context.   

Future Research Directions 
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This research contributes important data regarding maternal HIV and infant 

outcomes.  Our findings also give rise to new research questions.  We observed 

evidence of inflammation and immune hyperactivity among both HIV-infected and 

HIV-uninfected pregnant women.  In rural sub-Saharan Africa, environmental 

exposures such as frequent exposure to infections and intestinal parasites contribute to 

immune activation.  Additional research on the potential causes of immune 

hyperactivity in this population is needed to inform public health and clinical care 

priorities.   

We also observed an association between intrauterine immune activation and 

infant birth size that warrants further investigation.  Placental collection and 

examination may also help elucidate some of the mechanisms driving fetal growth 

restriction in this population.  In addition, the relationship between fetal exposure to 

immune hyperactivity and evidence of fetal immune programming should be explored, 

as altered immune development may have long-term health implications.   

The pregnant women in our study were not severely malnourished, but some 

may have experienced low gestational weight gain as a result of mild cachexia.  

Longitudinal collection of maternal cytokine measurements across gestation with 

simultaneous collection of anthropometric data would expand upon the current 

evidence linking maternal infection and inflammation to pregnancy outcomes.  

Furthermore, our findings linking maternal cachexia symptoms to infant outcomes call 

for further exploration of these relationships.  Validation of a cachexia scoring tool 

that is applicable to people living with HIV infection and feasible in the context of 

sub-Saharan Africa is needed.  
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In conclusion, maternal infection, poverty and food insecurity are major 

challenges to optimizing maternal and child health in rural sub-Saharan Africa and 

other developing regions.  HIV-exposed, uninfected children are an at-risk group, and 

this research contributes important data regarding the impact of maternal HIV on 

infant outcomes in an era of increasingly available ART.  Additional studies to clarify 

mechanisms and identify appropriate screening tools for this population are warranted.    
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APPEXDIX 1 

 

Maternal and Child Health Study 
Consent Form 

 

You are being invited to take part in a research study to help us understand 

pregnancy, nutrition, infant feeding, and childhood infections. We are asking you to take 

part because you have attended the ANC clinic at Kisesa Health Centre. Please read this 

form carefully and ask any questions before agreeing to take part in the study. You may 

also request that this information be read to you.  

 

The interview will take approximately 45 minutes to complete. If any of our tests 

show unusual results, we will notify Kisesa Health Centre so that they may see you 

to make a diagnosis and offer appropriate treatment if needed.  

 

What the study is about: The purpose of this study is to learn how nutrition and 

infections may affect infant growth during pregnancy, and how infant feeding affects 

early childhood growth and chance of getting childhood infections.  

 

What we will ask you to do: If you agree to be in the study, we will ask you some 

questions about your health and look at your medical records to gather information about 

your past health. We will also take 5mL of your blood and take measurements including 

your height, weight, mid-upper arm circumference, fundal height, and skinfold thickness 

two times during your antenatal care visits and four times after you deliver your baby. 

These appointments will last approximately 45 minutes. We will encourage you to 

deliver your baby at the Kisesa Health Centre as is offered to all women, and if you do, 

we will collect 5mL of blood from your umbilical cord and collect a small portion of your 

placenta after delivery. If you miss a study visit, a field worker and the Study Coordinator 

will visit your home address to ascertain the health status of you and your infant and 

whether you wish to remain enrolled in the study. After you give birth, we will ask you to 

provide a small sample of your breast milk at four times. We will also ask questions 

about how you and caregivers (i.e. family members) feed your infant.  

 

What we will ask you to provide parental permission for: After you give birth, we 

will take a very small amount of blood from your child using a heel prick and measure 

the length, weight, arm circumference, skinfold thickness, and head circumference of 

your child at four times. Follow-up visits will be scheduled during your regular 

vaccination appointments for your child when your child is 1, 2, and 3 months old. We 

will also ask you to come for another appointment at the Kisesa Health Centre when your 

child is 6 months of age. At each of these follow-up visits we will request that you bring 

a small sample of fresh stool from your infant. We will also take another very small 

amount of blood using a heel prick from your child at these visits. These appointments 

will last approximately 30 minutes. If you miss an appointment, a study team member 

will contact you to reschedule the appointment or if you agree, we will visit your home to 

collect a stool sample from your infant, and ask a few questions about the general health 

of your baby.  
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Risks and benefits: We anticipate limited risks to you and your child from participating 

in this study. There is minimal risk of brief temporary discomfort from taking blood. We 

will minimize this discomfort by using special blood collection tools designed for 

newborns and young infants.  

 

The umbilical cord and placenta are usually discarded after delivery, and the collection of 

cord blood and placenta will not affect the delivery or care of you or your child. Placentas 

and leftover blood that is not used in this study will be stored at NIMR (National Institute 

of Medical Research), Mwanza. All stored samples will be marked with a number code 

that will not contain your name. By signing this document, you are giving us, or other 

researchers, permission to conduct future research using these stored samples.  

This study will help us understand how a mother’s health during pregnancy may change 

her child’s health and growth. This study will also help us understand how infant feeding 

methods affect early infant growth and chance of childhood infections. There are no 

direct benefits to you or your child, but the study will pay for your transportation to 

Kisesa Health Centre and provide you with a small amount of food while at the clinic 

during your visits.  

 

Your answers will be confidential. This paper containing your name will be kept private 

in a locked file at NIMR, and only authorized researchers will have access to this paper. 

It will be destroyed by shredding after seven years. Public reports of our findings will not 

include any information that will make it possible to identify you or your child.  

 

Taking part is voluntary: Taking part in this study is completely voluntary and you will 

not be compensated for your participation. You may decline to answer any question or 

take any test as part of this study, or completely end your participation in this study 

without prejudice to your current or future care at Kisesa Health Centre. You may also 

stop your or your child’s involvement at any time during any interview or examination. If 

you decide not to take part, it will not affect you or your family’s current or future 

medical care.  

 

If you have questions in the future: The researchers conducting this research study are 

Mr. Mark Urassa, NIMR and Professor Joann McDermid, Cornell University. Your 

healthcare will continue to be provided by Kisesa Health Centre. If you have questions 

later, you may contact Mr. Mark Urassa at: National Institute for Medical Research 

(NIMR), P.O. Box 1462, Mwanza. Tel: +255-282500399 /2503012, Email: 

malloomark@yahoo.com. If you have any questions or concerns regarding you rights as a 

subject in this study, you may contact the National Health Research Review Sub-

committee (NatRec) at: P.O. Box 9653, Dar es Salaam, Tanzania. Tel: 255-22-2121 400, 

Email: ethics@nimr.or.tz. You will be given a copy of this form to keep for your records.  

Statement of Consent: I have read the above information, and have received answers to 

any questions I asked. I consent to take part in the study.  

Participant is Literate: Yes [ ] No [ ]  

 

Your Signature ___________________________________  

Date ________________________  
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Your Name (printed) 

___________________________________________________________  

 

Parental Permission  

In addition to agreeing to my participation, I also consent to have my infant participate in 

the study and have blood taken up to six times.  

 

Your signature ___________________________________  

Date _________________________  

Signature of person witnessing consent ________________ 

Date _________________________  

 

In addition, I give permission for my placenta and any blood that is collected from 

me or my child that is not used in this study to be used in future research.  

 

Your signature ___________________________________  

Date _________________________  

Printed name of person witnessing consent _____________ 

 

Date _________________________  

Signature of Impartial Witness (for illiterate participants)  

_______________________________________________  

Date _________________________  

 

This consent form will be kept by the researcher for at least seven years beyond the end 

of the study and has been approved by the National Health Research Ethics 

Subcommitttee and the Cornell Institutional Review Board. 



 

118 

APPEXDIX 2 

 

ENROLLMENT QUESTIONNAIRE 
 

1 Mother Study ID 
 
 
 

   

2 Date of Interview 
 
 

DD 
 
 

MM 
 
 

YYYY 
 
 

3 Interview Conducted by: 
 

 

 
Identification & Contact Information 

4 ANC identification number 
     
 

 

5 Date of Birth 
 

DD 
 
 

MM 
 
 

YYYY 
 
 

6 Age or approximate age 
 
 

YY 
 

7 Marital Status  
1=Single 
2=Monogamously married or cohabiting 
3=Polygamously married or cohabitating 
4=Divorced or separated 
5=Widow 
 

 

8 What is the name of the head of your household?  
 

 

9 What is a phone number where you can be contacted?  
     (leave blank if none given) 
 

# # # # # # # # # # 

10 Village 
 

 

11 Subvillage 
 

 

12 Balozi (if known) 
 

 

 
Education & Occupation  

13 Can you read? 
     0 = No; 1 = Yes 
  

  

14 Can you write? 
     0 = No; 1 = Yes 
 

  

15 Have you had a formal 
education? 
     0 = No; 1 = Yes 
     If Yes, answer 15a 
 
 

 15a If yes, what is your highest education 
completed? 
     1 = Some Primary;  
     2 = Completed Primary;  
     3 = Some Secondary;  
     4 = Completed Secondary;  
     5 = Some University;  
     6 = Completed University;  
     7 = Still in School 

 

16 Has your partner had a formal 
education? 
     0 = No; 1 = Yes 
     If Yes, answer 16a 

 16a If yes, what is the highest level of education 
that he completed? 
     1 = Some Primary;  
     2 = Completed Primary;  
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      3 = Some Secondary;  
     4 = Completed Secondary;  
     5 = Some University;  
     6 = Completed University;  
     7 = Still in School 

17 What is your household’s main 
source of income? 
 

  

18 Do you perform any work that 
helps your household earn 
money? 
     0 = No; 1 = Yes 
     If Yes, answer 18a 

 18a What is the main way in which you earn 
money?  
     1 = Farming/Cultivating 
     2 = Tending livestock 
     3 = Small business (or cleaning    
            houses) 
     4 = Large business 
     5 = Professional 
     6 = Other (write) 
………………………………………….. 

 

19 Does your partner perform 
work that helps your 
household earn money? 
     0 = No; 1 = Yes 
     If Yes, answer 19a 
 
 

 19a What is the main way in which he earns 
money? 
     1 = Farming/Cultivating 
     2 = Tending livestock 
     3 = Small business (or cleaning    
            houses) 
     4 = Large business 
     5 = Professional 
     6 = Other (write) 
………………………………………….. 

 

 
Household 

20 How many people slept in your home 
last night? 
 

##  

21 How many children under the age of 
18 slept in your home last night? 
 

##  

22 How many children under the age of 5 
slept in your home last night? 
 

##  

23 What is the main source of drinking 
water for your household during the 
dry season? 
 
1 = Piped into house/yard 
2 = Public tap 
3 = Open well  
4 = Covered well/borehole  
5 = Spring/river/stream 
6 = Pond/lake/dam 
7 = Rainwater 
8 = Water truck 
9 = Bottled water 
 
 

  

24 What is the main source of drinking 
water for your household during the 
rainy season? 
 
1 = Piped into house/yard 
2 = Public tap 
3 = Open well  
4 = Covered well/borehole  
5 = Spring/river/stream 
6 = Pond/lake/dam 
7 = Rainwater 
8 = Water truck 
9 = Bottled water 
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25 Do you do anything to the water to 
make it safer to drink? 
     No = 0; Yes = 1 
     If Yes, answer 25a 
 

 25a If yes, what do you do to 
make the water safer to 
drink? 
 
1 = Boil 
2 = Add bleach/chlorine 
3 = Strain through a cloth 
4 = Use water filter 
5 = Solar disinfection 
6 = Let it stand and settle 
 

 

26 What kind of toilet facility does your 
household use? 
 
1 = Flush toilet in house 
2 = Flush toilet outside house 
3 = Ventilated improved pit latrine 
4 = Pit latrine 
5 = Open pit 
6 = Composting toilet/Ecosan 
7 = Bucket 
8 = No facility/bush/field 
 

  

27 Is your toilet facility shared with any 
other households? 
     No = 0; Yes = 1 
     If Yes, answer 27a 
 

 27a If yes, how many other 
households share your toilet 
facility? 

 

28 Have you washed your hands in the 
past 24 hours? 
     No = 0; Yes = 1 
     If yes, answer 28a-c 
 

 28a If yes, how many times did 
you wash your hands in the 
past 24 hours? 

 

28b At what times did you wash 
your hands? 
 
1 = Before cooking or eating 
2 = After using the toilet 
3 = Before feeding children 
4 = After caring for animals 
 

 

28c When you washed your 
hands did you use soap or 
soda? 
     No = 0; Yes = 1 

  

29 Where does your household dispose of 
garbage? 
 

  

30 Does your household have any of the 
following items: 
     No = 0; Yes = 1 
 

  

 30a Electricity 
 

  

 30b Paraffin lamp 
 

  

 30c Radio 
 

  

 30d Television 
 

  

 30e Mobile phone 
 

  

 30f Iron 
 

  

 30g Refrigerator 
 

  

 30h Watch 
 

  

 30i Bicycle 
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 30j Motorcycle 
 

  

 30k Car 
 

  

 30l Bank account 
 

  

31 What is the main material of the floor 
of your house? 
 
1 = Earth, sand, or dung 
2 = Wood, planks, bamboo, palm 
3 = Ceramic tiles, terrazzo 
4 = Cement 
 

  

32 What is the main material of the walls 
of your house? 
 
1 = Grass 
2 = Poles and mud 
3 = Sun-dried bricks (self-made bricks) 
4 = Baked bricks (factory-made bricks) 
5 = Wood or timber 
6 = Cement blocks 
7 = Stones 
 

  

33 What is the main material of the roof of 
your house? 
 
1 = Grass, thatch, or mud 
2 = Iron sheets 
3 = Tiles 
4 = Concrete 
 

  

34 How many minutes does it take you to 
get to Kisesa Clinic? 
 

  

35 What mode of transportation do you 
use to get to Kisesa Clinic? 
 
1 = Personal Vehicle 
2 = Hired car 
3 = Hired motorcycle (piki piki) 
4 = Public bus (dala dala) 
5 = Animal or animal cart 
6 = Walking 
7 = Bicycle 
 

  

36 Does your household own any 
animals? 
     No = 0; Yes = 1 
     If Yes, answer 36a 
     If No, skip to question 42 

 36a If yes, please list what 
type and how many of 
each. 
 
 

Animal 
 

# 

Animal 
 

# 

Animal 
 

# 

Animal 
 

# 

Animal 
 

# 

37 Who is responsible for feeding the 
animals? 
 

  

38 Who is responsible for other aspects of 
animal care? 
 

  

39 Where are the animals kept during the 
day? 
 
1 = Open grazing 
2 = Animal shed 
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3 = Household yard 
4 = Inside House 
5 = Other __________________ 
 

40 Where are the animals kept during the 
night? 
 
1 = Animal shed 
2 = Household yard 
3 = Inside house with family 
4 = Inside house apart from family 
5 = Other __________________ 
 
 

  

41 What is the main source of drinking 
water for the animals? 
 
1 = Same as household water 
2 = Another source 
 
 

  

 
Pregnancy and Childbirth History 

42 What was the date of the first 
day of your last normal 
menstrual period? 
 
 

DD 
 
 
 

MM 
 
 
 

YYYY 
 
 
 

(write XX if day or month not known, 
XXXX if year not known) 
 

43 Is this your first visit to 
Kisesa Health Centre for 
antenatal care during this 
pregnancy?  
0 = No; 1 = Yes 
If No, answer 43a 
 
 

 43a If no, how many visits to Kisesa Health 
Centre for antenatal care during this 
pregnancy did you make before 
today?  

 

44 Are you planning on 
delivering your baby at 
Kisesa Health Centre? 
0 = No; 1 = Yes 
If No, answer 44a 
 
Encourage the mother to 
deliver her baby at Kisesa 
Health Centre and say that we 
will pay for her 
transportation.  
  

 44a If no, where do you plan on delivering 
your baby? 
0=At my home 
1=At a dispensary 
2=At someone else’s home (for 
example, the home of a midwife) 
3=At a hospital  
4=Other (write) 
………………………………………….. 

 

45 Have you been pregnant 
before this pregnancy 
(include miscarriages and 
stillbirths)? 
     0 = No; 1 = Yes 
If Yes answer 45a-c 
 

 45a If yes, how many children have you 
given birth to that were alive? 
  

 

45b Have you ever had a miscarriage?  
0 = No; 1 = Yes 
 

 

45c Have you ever delivered a stillborn 
baby? 
0 = No; 1 = Yes 
 

 

 
Appetite & General Health 

46 During the past 7 days, my appetite (how hungry I am usually) has 
been: 
1 = Very poor (I do not want to eat much food) 
2 = Poor  
3= Average (the same as usual) 
4 = Good 
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5= Very good (I am hungry more often) 
Answer Questions 47-64 about how you have felt during the past 7 days, using these answers:  
 

0=Not at all 
1=A little 

2=Quite a bit 
 
47 Did you have any trouble doing strenuous activities, like carrying a 

full basket from the market?  
 

 

48 Did you have trouble taking a long walk? 
 

 

49 Did you have trouble taking a short walk outside the house? 
  

 

50 Did you need to stay in bed or in a chair during the day? 
 

 

51 Did you need help with eating, dressing, washing yourself or using 
the toilet? 
 

 

52 Were you limited in doing your work (either your job or 
housework?) 
 

 

53 Have you had pain? 
 

 

54 Did you need to rest during the day? 
 

 

55 Have you had trouble sleeping at night? 
 

 

56 Have you felt weak? 
 

 

57 Have you felt nauseated (sick to your stomach)? 
 

 

58 Have you vomited?  
 

 

59 Have you been constipated (have you had trouble defecating)? 
 

 

60 Have you had diarrhea (3 or 4 loose, watery stools during one day)? 
 

 

61 Were you tired during the day? 
 

 

62 Did your pain interfere with your work? 
 

 

63 Did you worry about your health? 
 

 

64 Have you felt burdened by your health? 
 

 

65 How would you rate your overall health during the past week?  
1=Very poor 
2=Poor 
3=A little poor 
4=Average 
5=Good 
6=Very good 
7=Excellent 
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Karnofsky Performance Status Scale 
 

66 ### **Study Nurse: Based on these questions, assign the participant a 
“Karnofsky Performance Status” number from the chart below.     
 

 

Able to carry on normal 
activity and to work; no special 
care needed. 
 

100 
Normal no complaints; no evidence of disease. 
 

90 
Able to carry on normal activity; minor signs or 
symptoms of disease. 
 

80 
Normal activity with effort; some signs or symptoms of 
disease. 
 

 

Unable to work; able to live at 
home and care for most 
personal needs; varying 
amount of assistance needed 
 
 

70 
Cares for self; unable to carry on normal activity or to do 
active work. 
 

60 
Requires occasional assistance, but is able to care for 
most of his personal needs. 
 

50 
Requires considerable assistance and frequent medical 
care. 
 

 

Unable to care for self; 
requires equivalent of 
institutional or hospital care; 
disease may be progressing 
rapidly. 
 

40 
Disabled; requires special care and assistance. 
 

30 
Severely disabled; hospital admission is indicated 
although death not imminent. 
 

20 
Very sick; hospital admission necessary; active 
supportive treatment necessary. 
 

10 
Moribund; fatal processes progressing rapidly. 
 

 
HIV 

67 Have you ever tested positive for HIV?  
0 = No; 1 = Yes 
If Yes, answer 68-72 
If No, take the measurements and end the interview  
 

 

 
68 What date did you first test positive for 

HIV?  
 
(write XX if day or month not known, 
XXXX if year not known) 
 
 

DD 
 
 
 
 
 
 
 

MM 
 
 
 
 
 
 
 

YYYY 
 
 
 
 
 
 
 

 

69 Have you planned on seeking ARV 
therapy and counseling for the 
prevention of mother-to-child 
transmission of HIV (PMTCT)? 
0 = No; 1 = Yes  
 

 

70 Are you currently enrolled in CTC at 
Kisesa Health Centre? 
0 = No; 1 = Yes 
If Yes, answer 70a 
 

 70a If yes, what is your CTC 
number?   (Ask to see 
participant’s blue card) 
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71 Are you currently taking ARV  drugs 
including (PMTCT drugs)?  
0 = No; 1 = Yes 
If Yes, answer 71a-b 
 

 71a Which ARV drugs are you 
currently taking?  
 
1) PMTCT drugs 

 
2) ARVs (triple 

therapy) 

 
3) I do not know 

 

   71b 
 
 
 
 
 
 
 
 
 

When did you start taking 
ARV drugs? 
 
0 = Before I become pregnant 
with this baby 
1 = During this pregnancy 
 
If the answer is 1, goes to 71c 
 
 

 

71c At which gestation age did 
you start  taking ARV during 
this current pregnancy( in 
weeks, 00-42) 
 
 
 
------------------------- 
 

 

 
Measurements and Sample Collection 

72 Maternal Height 
 

cm  Comments: 
 

73 Maternal Weight 
 

Kg  Comments: 
 

74 Maternal MUAC 
 

mm  Comments: 
 
 

75 Maternal Triceps Skinfold 
Thickness 
 

Mm  Comments: 
 
 

76 Fundal Height 
 

Cm  Comments: 
 

77 Maternal Blood Sample 
     No = 0; Yes = 1 
 

  Comments: 
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APPEXDIX 3 

 
Pregnancy Follow-Up Questionnaire 
 

1 Mother Study ID 
 
 

   

2 Date of Interview 
 
 

DD 
 
 

MM 
 
 

YYYY 
 
 

3 Visit # 
 

 

4 Interview Conducted by: 
 

 

 
Appetite & General Health 

5 During the past 7 days, my appetite (how hungry I am usually) has 
been: 
1 = Very poor (I do not want to eat much food) 
2 = Poor  
3= Average (the same as usual) 
4 = Good 
5= Very good (I am hungry more often) 
 

 

Answer Questions 6-23 about how you have felt during the past 7 days, using these answers:  
 

0=Not at all 
1=A little 

2=Quite a bit 
 
6 Did you have any trouble doing strenuous activities, like carrying a full 

basket from the market?  
 

 

7 Did you have trouble taking a long walk? 
 

 

8 Did you have trouble taking a short walk outside the house?  
 

 

9 Did you need to stay in bed or in a chair during the day? 
 

 

10 Did you need help with eating, dressing, washing yourself or using the 
toilet? 
 

 

11 Were you limited in doing your work (either your job or housework?) 
 

 

12 Have you had pain? 
 

 

13 Did you need to rest during the day? 
 

 

14 Have you had trouble sleeping at night? 
 

 

15 Have you felt weak? 
 

 

16 Have you felt nauseated (sick to your stomach)? 
 

 

17 Have you vomited?  
 

 

18 Have you been constipated (have you had trouble defecating)? 
 

 

19 Have you had diarrhea (3 or 4 loose, watery stools during one day)? 
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20 Were you tired during the day? 
 

 

21 Did your pain interfere with your work? 
 

 

22 Did you worry about your health? 
 

 

23 Have you felt burdened by your health?  
 

 

24 How would you rate your overall health during the past week?  
1=Very poor 
2=Poor 
3=A little poor 
4=Average 
5=Good 
6=Very good 
7=Excellent 
 

 

 
HIV 

25 Are you currently taking ARV 
(antiretroviral) drugs?  
0 = No; 1 = Yes 
If Yes, answer 25a-b 

 25a Which ARV drugs are you currently 
taking?  
 

Write: 
 
 

   25b When did you start taking ARV 
drugs? 
 
0 = Before I become pregnant with 
this baby 
1 = During this pregnancy, before I 
was 28 weeks pregnant 
2= During this pregnancy, after I 
was 28 weeks pregnant 
 

 

 
Measurements and Sample Collection 

26 Maternal Height 
 

cm  Comments: 
 

27 Maternal Weight 
 

Kg  Comments: 
 

28 Maternal MUAC 
 

mm  Comments: 
 

29 Maternal Triceps Skinfold 
Thickness 
 

mm  Comments: 
 
 

30 Fundal Height cm  Comments: 
 

31 Maternal Blood Sample 
     No = 0; Yes = 1 
 

  Comments: 
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APPEXDIX 4 

 

DELIVERY & BIRTH QUESTIONNAIRE 

1 Mother Study ID 
 

   

2 Date of Measurements 
 

D M Y 

3 Place of Measurements 
 

 

4 Measurements taken by: 
 

 

 
Study Nurse, Please answer the questions below based on your observations 
and/or the participant interview. 

5 Was the baby delivered at Kisesa Health 
Centre?  
0 = No; 1 = Yes 
If No, answer 6a 
 

 6a If no, where was the baby 
delivered? 
0=At the participant’s home 
1=At a dispensary 
2=At someone else’s home 
(for example, the home of a 
midwife) 
3=At a hospital  
4=Other (write) 
………………………………………….. 
 

6 What date was the baby delivered?  
 
 

DD 
 
 
 

MM 
 
 
 

YYYY 
 
 
 

 

7 What time was the baby delivered? 
(completein 24 hour format) 
 
 

##:##  

8 Was the baby born alive (answer ‘No’ if it 
was a stillbirth)? 
0 = No; 1 = Yes 
 

  

9 Did the baby die shortly after birth (within 
the first 3 days)? 
0 = No; 1 = Yes 
 

  

10 How long was the mother in labor?  
 
 

HH 
 
 

MM 
 
 

 

 
HIV 

11 Is the mother HIV positive? 
0=No; 1=Yes 
If Yes, answer 13-20 
If No, take the measurements at the end of the interview 
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12 Did the mother receive ARV 
(including PMTCT drugs) drugs 
during her pregnancy/antenatal 
care?  
0 = No; 1 = Yes 
If Yes, answer 13a-c 
 
 

 12a Which ARV drugs is she 
currently taking?  
 
1) PMTCT drugs 

2) ARVs 

3) I DON’T KNOW 

 
 

 
 
 
  

   12b 
 
 
 
 
 
 
 
 
 
 
 
12c 

When did she start taking 
ARV drugs? 
0 = Before she  become 
pregnant with this baby 
1 = During this pregnancy 
 
If the answer is 1, goes to 
13c 
 
 
At which gestation age did 
she start  taking ARV 
during this current 
pregnancy( in weeks) 
 
 
 
------------------------- 
 

 
 
 

13 Did the mother take ARV drugs 
during labor?  
0 = No; 1 = Yes 
If Yes, answer 13a-b 
 

 13a Which ARV drugs did she 
take during labor?  
 
 

Write:  
 
 

14 After delivery, was the newborn 
given a single dose of NVP? 
0 = No; 1 = Yes 
 
 

  Comments:  
 

15 After delivery, was the mother 
instructed to give the infant: 
0 = AZT for 7 days 
1 = AZT for 4 weeks 
2 = NVP for 6 weeks 
3 = NVP for up to 1 year 
4 = no instructions 

  Comments:  
 
 
 
 
 
 
 
 

 
Measurements and Sample Collection 

16 Infant Birth Weight 
 
 

G  Comments: 
 
 

17 Infant Birth Length 
 

Cm  Comments: 
 

18 Infant Head Circumference 
 

Cm  Comments 
 

19 Infant MUAC Mm  Comments: 
 

20 Cord Blood Sample 
     No = 0; Yes = 1 
 

  Comments: 
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APPEXDIX 5 

 

CONSENT & RECRUITMENT PROTOCOL  

PURPOSE 

To ensure that study nurses obtain consent from participants according to ethical 
guidelines. 
 

INSTRUCTIONS 

1.1. Ask pregnant woman at the Kisesa Health Centre if she would like to be in a study on 

mother and child health during pregnancy. 

1.2. Bring woman to the study room and ask if she meets study requirements: 

1.2.1. Is she already in the study?  (check for sticker on ANC card) 

1.2.1.1. If YES, obtain her folder and use the appropriate Protocol for her visit.   

1.2.1.2. If NO, continue.  

1.2.2. Has she had an HIV test during this pregnancy?  

1.2.2.1.  If YES, or if she already knows herself to be HIV-positive, continue. 

1.2.2.2. If NO, ask “will you agree to be tested for HIV?”  If she does not agree to 

be tested for HIV, stop the interview.   

1.3. Ask woman if she can read Kiswahili: 

1.3.1.  If YES, check the “Yes” box on the Consent Form and ask her to read it. 

1.3.2. If NO, check the “No” box.  Find a person at KHC (other than yourself) to sit in the 

room while you read the Consent Form to the woman.  This will be the “Impartial 

Witness”. 

1.4. If she agrees to be in the study, have her write her name on the Consent Form and sign 

in ALL 3 PLACES.  If she does not agree, end the interview.   

1.4.1. If there is an “Impartial Witness” (because the woman being consented is 

illiterate), this person must write and sign her own name.   

1.4.2.  If the woman being consented cannot write her name and signature, write on her 

Thumb finger with a Sharpie marker and have her press it down firmly in the 

signature lines on the Consent Form.  Write her name on the form.   

1.5. Write your name on the Consent Form and sign where it says “Signature of person 

witnessing consent”. 
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1.6. Write down the woman’s study number and the date in the Log Book. **Important** if 

a woman begins the consent process, but does not wish to participate, ask her the 

reason and write this in the Log Book.   

1.7. Obtain the “Enrollment Interview Protocol”. 
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APPEXDIX 6 

 

ENROLLMENT INTERVIEW PROTOCOL 

PURPOSE 

To ensure that study nurses complete questionnaires, and collect body measurements and 

blood appropriately during the Enrollment (first) Interview with a participant.  This interview 

is to be completed immediately after obtaining consent from a participant (see “Consent & 

Recruitment Protocol”). 

INSTRUCTIONS 

1.1. Obtain the Enrollment Questionnaire Form from the participant’s folder.   Ensure that 

the “Study ID” number on this form matches the number on the Consent Form.   

1.2. Ask the participant all of the questions on the Enrollment Questionnaire Form and write 

down her answers.   

1.3. Take all of the participant’s measurements and write them on the Enrollment 

Questionnaire Form (refer to Measurement Diagrams for instructions regarding 

measurements and biological sample collection).  

1.4. Put a STUDY ID STICKER on the large tube, and on each of the 3 small tubes.   

1.4.1. Take blood from the participant and put it into the large plastic tube. 

1.4.2. Give the large plastic tube and the 3 small tubes to AW or SP and they will deliver 

them to the Study Lab Technician.   

1.5. Obtain the Participant Information Card from her folder. 

1.5.1. Explain which day she should come for her next study visit and write this date and 

the day of the week it will be on the Participant Information Card.  Explain that if 

she comes to the ANC between now and her next appointment, she does not need 

to see us.   

1.5.2. **Important**  We need to see the participant again before she gives birth, and 

we want this to be during the Third Trimester and as close to the 32nd week as 

possible.   

1.5.3. Staple the Participant Information Card to the participant’s ANC Card.   

1.6. Give woman her money and food and thank her for being in the study.   

1.7. Write down the woman’s study number on the Participant List and write today’s date 

under the “Enrollment” Box.   
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APPEXDIX 7 

 

PREGNANCY FOLLOW-UP INTERVIEW PROTOCOL 

PURPOSE 

To ensure that study nurses complete questionnaires, and collect body measurements and 

blood appropriately during the Pregnancy follow-up Interview with a participant.   

INSTRUCTIONS 

1.1. Verify mother’s name and study ID number on Participant List and the Participant 

Information Card (if she has it).  Obtain the Pregnancy Follow-Up Questionnaire Form 

from the participant’s folder.   Ensure that the “Study ID” number on this form matches 

the number on the Participant Information Card.   

1.2. Ask the participant all of the questions on the Pregnancy Follow-Up Questionnaire 

Form and write down her answers.   

1.3. Take all of the participant’s measurements and write them on the Pregnancy Follow-Up 

Questionnaire Form (refer to Measurement Diagrams for instructions regarding 

measurements and biological sample collection).  

1.4. Put a STUDY ID STICKER on the large tube, and on each of the 3 small tubes.   

1.4.1. Take blood from the participant and put it into the large plastic tube. 

1.4.2. Give the large plastic tube and the 3 small tubes to AW or SP and they will deliver 

them to the Study Lab Technician.   

1.5. Strongly request that the participant deliver her baby at Kisesa Health Centre.   

1.5.1. If, at the time of her delivery, she is unable to come to Kisesa Health Centre, 

request that she come to Kisesa Health Centre within 1-3 days and tell her that we 

will give her money for transportation and food.  Also request that she send (or 

have someone else send) an SMS message to Amanda saying “MTOTO” when her 

baby is born and we will pay her Phone Credit.   

1.5.2. If she has already made plans to deliver at home or at another location, request 

that she come to Kisesa Health Centre within 1-3 days of her delivery and tell her 

that we will give her money for transportation and food.   Also request that she 

send (or have someone else send) an SMS message to Amanda saying “MTOTO” 

when her baby is born and we will pay her Phone Credit.   

1.5.3. If her baby dies before it is born, or after her delivery, request that she either:  

send an SMS message to Amanda saying what has happened, or come to Kisesa 
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Health Center and tell the Study Nurse.  She will be given money for transportation 

and food and if she sends an SMS message we will pay her Phone Credit.   

1.6. Give woman her money and food and thank her for coming to the appointment.   

1.7. Find the woman’s Study ID number Participant List and write today’s date under the 

“ANC Visit #2” Box.   
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APPEXDIX 8 

 

DATA MANAGEMENT PROTOCOL 

PURPOSE 

To ensure that questionnaire and sample data are entered consistently and accurately.   

INSTRUCTIONS FOR QUESTIONNAIRE DATA ENTRY 

1.1. At the end of each day, bring all completed questionnaire forms back to NIMR and store 

in a locked file cabinet.  

1.2. Every Friday, double enter data into prepared Excel spreadsheet and write the date of 

entry and data enterer’s initials on the questionnaire.  Return the questionnaire to the 

locked file cabinet. 

1.2.1. Following double entry compare documents to ensure data entry accuracy. 

1.2.2. After checking for accuracy, save the data sheet on AW and SP’s personal 

computers, SP’s personal external hard drive, and AW’s Research-Specific Online 

Drop-Box. 

 

INSTRUCTIONS FOR SAMPLE DATA ENTRY 

1.1. Enter results of sample analysis within one week of completion of analysis. 

1.2. Double enter results of sample analysis into prepared Excel spreadsheet and write the 

date of entry and data enterer’s initials on the printed sample results sheet.  Return the 

printed sample results sheet to the locked file cabinet. 

1.2.1. Following double entry compare documents to ensure data entry accuracy. 

1.2.2. After checking for accuracy, save the data sheet on AW and SP’s personal 

computers, SP’s personal external hard drive, and AW’s Research-Specific Online 

Drop-Box. 
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APPEXDIX 9 

 

KISESA LAB SAMPLES PROTOCOL 

PURPOSE 

To ensure that blood, fecal, and breast milk samples are handled correctly at Kisesa Health 

Centre.   

INSTRUCTIONS 

1. Ensure that biohazard cold box maintains a temperature between 2-8°C while box contains 

BD P800 tubes and/or biological samples.   

2. Maternal blood samples will be collected by the Study Nurse and dispensed into pre-sticker -

labeled tubes.  Blood is to be collected into BD P800 tubes during ANC#1 and ANC#2 

interviews, and into 4mL EDTA tubes during all infant follow-up interviews. 

2.1. After blood collection, AW or SP will store tubes in biohazard cold box until sample 

processing.  

2.2. Blood will be processed, and serum extracted by AW or SP at the end of the clinic day, 

and a minimum of 30 minutes after collection, according to the instructions below:  

2.2.1. Obtain the 3 Eppendorf tubes and label with study stickers correspond to each 

blood tube to be processed.   

2.2.2. Ensure that the blood tube cap is secure, place it in the centrifuge, and spin for 10 

minutes at highest speed setting.  **Important** Be sure to balance the tubes 

before spinning.  If blood is not separated after 10 minutes, centrifuge for an 

additional 10 minutes.   

2.2.3. Use a 1mL pippete to collect supernatant and aliquot equally into the three 

Eppendorf tubes.   

2.2.4. Store the Eppendorf tubes containing serum in a biohazard cold box until 

transport to NIMR, Mwanza.      

2.2.5. Dispose of 8.5mL tube (now containing only red blood matter), in a biohazard 

container.   

 

3. Infant blood samples will be collected by the Study Nurse into pre-sticker-labeled 

microtubes.   

3.1. After blood collection, AW or SP will store tubes in biohazard cold box until sample 

processing.  

3.2. Blood will be processed, and serum extracted by AW or SP at the end of the clinic day, 

and a minimum of 30 minutes after collection, according to the instructions below 

described in 2.2 above.   
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4. Maternal breast milk samples will be collected by the participant into into pre-sticker-

labeled plastic containers.   

4.1. After blood collection, AW or SP will store plastic containers in biohazard cold box.  

Breast milk samples will be processed at NIMR, Mwanza.  

 

5. Maternal and infant fecal samples will be collected by the participant into pre-sticker-

labeled universal tubes.  After fecal sample collection, AW or SP will follow the instructions 

below.  

5.1. After blood collection, AW or SP will store plastic containers in biohazard cold box.  

Fecal samples will be processed at NIMR, Mwanza.  

 
 



 

138 

 

APPEXDIX 10 

 

LAB SAMPLES TRANSPORT & STORAGE PROTOCOL 
 

PURPOSE 

To ensure that blood, fecal, and breast milk samples are transported and stored correctly.   

INSTRUCTIONS 

1. All biological samples will be transported from Kisesa Health Centre to NIMR, Mwanza in the 

biohazard cold box at a temperature between 2-8°C.   

2. Upon arrival at NIMR, Mwanza, the Lab Sample Transport & Submission Form will be 

completed by AW or SP and specific samples will be stored in the following locations: 

2.1. Serum samples: Serology room freezer in Eppendorf tube storage box 

2.2. Breast milk samples: Serology room freezer 

2.3. Fecal samples: Serology room refrigerator 

3. Fecal samples will be transported by SP to NIMR Lab room 10 for processing within 3 days of 

collection.   

4. Any problems or abnormalities observed with samples will be noted on the Lab Sample 

Transport & Submission Form.   
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APPEXDIX 11 

 

MISSING FOLLOW-UP PROTOCOL 

PURPOSE 

To minimize loss-to-follow-up of study participants and ensure that appropriate procedures 

are used when contacting participants who have missed their follow-up appointments.  

    

INSTRUCTIONS 

1.1. Follow the procedure below if a participant meets any of the these criteria: 

1.1.1. Late for an ANC follow-up visit by ≥3 weeks 

1.1.2. Late for estimated delivery due date by ≥3 weeks 

1.1.3. Late for an infant follow-up visit by ≥1 week 

1.2. In the case of 1.1.1. or 1.1.2., check the ANC and L&D logbooks to determine if a woman 

has been to the clinic since her last study visit.  Record any relevant information in the 

study logbook (i.e. if the woman has already delivered).  

1.3. If the participant provided a contact number on her enrollment interview, call this 

number during regular clinic hours.   

1.3.1. If you are able to contact the participant, ask why she has missed the visit.  Record 

her answer in the study logbook.  

1.3.2. If appropriate, based on her answer to 1.2.1., invite the woman back to the clinic 

and reschedule her missed appointment.  

1.4. If no contact number was provided, organize a visit to the participant’s household. 

1.4.1. Recruit a driver and Swahili-speaking study team member to travel to the 

participant’s village.  Bring a copy of the questionnaire corresponding to the 

missed study visit.   

1.4.2. Drive to the village chairperson’s office during working hours and ask to be 

directed to the participant’s house.   

1.4.3. If you are able to successfully locate the house, proceed to 1.5.  If not, return to 

KHC and organize a tracker to help locate the participant the following day.   

1.5. Ask the participant why she has missed the appointment and record this in the study 

logbook.   
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1.5.1. If appropriate, based on her answer to 1.5., invite the woman back to the clinic 

and reschedule her missed appointment. 

 

1.5.2. If the woman does not agree to return to the clinic, ask her if she is willing to 

answer the questionnaire at her home.  If she agrees, administer the 

questionnaire and schedule her next study visit.   
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APPEXDIX 12 

 

MAGPIX Human Cytokine/Chemokine Magnetic Bead Panel Procedure 

Standard Operating Procedure 

DAILY WEEKLY DAY BEFORE ASSAY 

Run VERS on Luminex 
Run CALS/VERS o n Luminex 

Set-up sample plate 
Clear space around instrument 

Ensure supplies in stock 

 

OPERATIONS: DAY 1 

1. Sample Preparation: begin only after VERS has passed.  All instruments should be available 

in Serology room. 

1.1. Remove from freezer box and defrost 

1.2. Vortex each sample for 3 seconds 

1.3. Centrifuge samples for 5 minutes at 3,000rpm 

1.4. Remove kit reagents from fridge and allow to come to room temperature 

 

2. Preparation of Reagent for Immunoassay 

2.1. Diluted Wash Buffer = 30mL Wash Buffer + 270mL DI (deionized water, located in clear 

water bladder) 

2.1.1. Store for up to 1 month at 2-8⁰C.   

2.1.2. Label and date unused vials.  Place in secure location in Serology fridge 2.  Add to 

all similar sequences. 

2.2. Antibody-Immobilized Beads 

2.2.1. Sonicate each bead vial for 30 seconds; vortex 1 minute 

2.2.2. Add 60µL from each vial into Mixing Bottle 

2.2.3. Bring final volume to 3mL with Bead Diluent (for 9 beads, add 2.46mL) 

2.2.4. Vortex mixed beads for 1 minute 

2.2.5. Store for up to 1 month at 2-8⁰C 

2.3. Prepared Quality Controls(each) = Quality Control vial + 250µL DI 

2.3.1. Invert vial 5 times 

2.3.2. Vortex for 30 seconds 

2.3.3. Allow to sit 5-10 minutes 

2.3.4. Store for up to 1 month at ≤-20⁰C 

2.4. Prepared Serum Matrix = Serum Matrix bottle + 1mL Assay Buffer 

2.4.1. Invert vial 5 times 

2.4.2. Vortex for 30 seconds 

2.4.3. Allow to sit for 10 minutes 

2.4.4. Store for up to 1 month at ≤-20⁰C 

2.5. Preparation of Human Cytokine Standard 6 

2.5.1. Reconstitute standard with 250µL DI 

2.5.2. Invert vial 5 times to mix 
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2.5.3. Vortex for 10 seconds 

2.5.4. Allow to sit for 5-10 minutes 

 

2.6. Preparation of Standards 1-5 

2.6.1. Label Eppendorf tubes 1-5 and arrange in descending order (as below) 

2.6.2. Add 200µL Assay Buffer to each of the 5 tubes 

2.6.3. Perform serial dilution as below, centrifuging each tube for 20 seconds between 

steps 

3. Immunoassay Procedure 

3.1. Allow all reagents to come to room temperature  

3.2. Using a multi-channel pipet, add 200µL Assay Buffer to each well of the plate 

3.2.1. Seal and mix on plate shaker for 10 minutes at room temperature (300rpm) 

3.2.2. Gently decant assay buffer into sink 

3.2.3. Remove residual buffer by inverting plate several times and tapping smartly onto 

absorbent towels 

3.3. Add Reagents to Wells 

3.3.1. Add 25µL Assay Buffer to the Background wells 

3.3.2. Add 25µL of each Standard or Control into the appropriate wells 

3.3.3. Add 25µL Assay Buffer to the sample wells 

3.4. Add 25µL samples to the sample wells 

3.5. Add 25µL Matrix Solution in Background, Standards, and Quality Control wells 

3.6. Add beads to each well 

3.6.1. Vortex bead bottle for 30 seconds 

3.6.2. Add 25µL of prepared beads to each well 

3.6.3. Shake beads intermittently to avoid settling, suck beads in-and-out of 

pipet/reservoir to shake 

3.7.  Seal plate with plate sealer 

3.7.1. Incubate overnight (16-18 hours) on plate shaker (300rpm) at 4⁰C 

3.7.1.1. Or for 2 hours at RT with shaking 

3.7.1.2. NOTE: An overnight incubation may improve assay sensitivity for some 

analytes 

3.7.2. Ensure that plate shaker is connected to a reliable power source 



 

143 

 

OPERATIONS: DAY 2 

4. Allow Detection Antibody and Strep.-Phy. Reagents to come to room temperature 

5. Wash Plate 2 times  

5.1. Rest plate on Magnet for 60 seconds 

5.2. While still attached to Magnet, gently decant into sink 

5.2.1. Lightly tap on absorbent towel several times 

5.2.2. Remove plate from Magnet 

5.3. Wash plate by adding 200µL Wash Buffer to each well 

5.3.1. Shake on plate shaker for 30 seconds 

5.4. Repeat Steps 5.1-5.3 for 2 cycles 

 

6. Add 25µL Detection Antibodies to each well  

6.1. Seal plate and incubate with agitation on plate shaker for 1 hour at RT 

6.2. DO NOT ASPIRATE AFTER INCUBATION 

7. Add 25µL Streptavidin-Phycoerythrin per well  

7.1. Seal plate and incubate with agitation on plate shaker for 30 minutes at RT 

8. Wash Plate 2 times (Repeat Steps 5.1-5.4) 

9. Add 150µL Drive Fluid per well  

9.1. Seal plate and resuspend beads on plate shaker for 5 minutes at RT 

10. Run on Luminex (100µL, 50 Beads per Bead set) 

 

Reagents 

 Luminex Drive Fluid; located in NIMR Storage 

 MAGPIX Human Cytokine/Chemokine Panel (HCYTOMAG-60K) with analytes IFNγ, IL-10

 , IL-12P70, IL-13, IL-15, IL-1β, IL-2, IL-6, TNFα ; located in NIMR Lab#4 Fridge 

o Human Cytokine/Chemokine Standard (catalog #MXH8060-2) 

o Human Cytokine Quality Controls 1 and 2 (catalog #MXH6060-2) 

o Set of one 96-well Plate with 2 sealers 

o Assay Buffer (catalog #L-AB) 

o Serum Matrix (catalog #MXHSM) 

o Bead Diluent (catalog #LBD) 

o 10X Wash Buffer, 2 bottles (catalog# L-WB) 

o Human Cytokine Detection Antibodies (catalog #MXH1060-3) 

o Streptavidin-Phycoerthrin (catalog #L-SAPE10) 

o Mixing Bottle 

o Anti-Human IFNγ Bead (catalog #HCYIFNG-MAG) 

o Anti-Human IL-10 Bead (catalog #HCYIL10-MAG) 

o Anti-Human IL-12P70 Bead (catalog #HIL12P70-MAG) 

o Anti-Human IL-13 Bead (catalog#HIL13-MAG) 

o Anti-Human IL-15 Bead (catalog #HIL15-MAG) 
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o Anti-Human IL-1β Bead (catalog #HCYIL1B-MAG) 

o Anti-Human IL-2 Bead (catalog #HIL2-MAG) 

o Anti-Human IL-6 Bead (catalog #HCYIL6-MAG) 

o Anti-Human TNFα Bead  (catalog #HCYTNFA-MAG) 

 MAGPIX CALS/VERS/Fluidics reagents; located in Parthenon Fridge #2 (extra reagents 

available once reagents below expire) 

o Calibrator: Lot#B21718, Exp: 2/23/2013 

o Verifier: Lot#B22330, Exp: 2/22/2013 

o Fluidics1: Lot#B22323, Exp: 2/18/2012 

o Fluidics2: Lot#B22326, Exp: 2/18/12 

 

Instruments/Materials 

 MAGPIX (Luminex) 

 Adjustable pipettes with tips capable of delivering 25-1000µL (Gilson) 

 Multichannel pipettes capable of delivering 25-200µL (Gilson) 

 Reagent reservoirs 

 50mL Falcon tubes (BD) 

 Biohazard containers 

 Polypropylene microfuge tubes 

 Paper towels 

 Vortex mixer (Scientific Industries Model #G-560E) 

 Sonicator (Branson Ultrasonic Cleaner Model #B200) 

 Microcentrifuge (VWR International catalog# 521-2841) 

 Thermomixer comfort (Eppendorf #5355 000.011) 

 Exchangeable Thermoblock for MTPs and deepwell plates with lid (Eppendorf 

#022670565) 

 Hand held Magnetic Separation Block (EMD Millipore catalog # 40-285) 

 Gloves 

 Extra plate sealers 

 Kimwipes 
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APPEXDIX 13 

 

MAGPIX Human Metabolic Hormone Magnetic Bead Panel Procedure 

Standard Operating Procedure 

DAILY WEEKLY DAY BEFORE ASSAY 

Run VERS on Luminex Run CALS/VERS o n Luminex 

Set-up sample plate 

Clear space around instrument 

Ensure supplies in stock 

 

OPERATIONS: DAY 1 

1. Sample Preparation: begin only after VERS has passed.  All instruments should be available 

in Serology room. 

1.1. Remove from freezer box and defrost 

1.2. Vortex each sample for 3 seconds 

1.3. Centrifuge samples for 5 minutes at 3,000rpm 

1.4. Remove kit reagents from fridge and allow to come to room temperature 

 

2. Preparation of Reagent for Immunoassay 

2.1. Diluted Wash Buffer = 30mL Wash Buffer + 270mL DI (deionized water, located in clear 

water bladder) 

2.1.1. Store for up to 1 month at 2-8⁰C.   

2.1.2. Label and date unused vials.  Place in secure location in Serology fridge 2.  Add to 

all similar sequences. 

2.2. Antibody-Immobilized Beads 

2.2.1. Sonicate each bead vial for 30 seconds; vortex 1 minute 

2.2.2. Add 150µL from each vial into Mixing Bottle 

2.2.3. Bring final volume to 3mL with Bead Diluent(for 2 beads, add 2.7mL) 

2.2.4. Vortex mixed beads for 1 minute 

2.2.5. Store for up to 1 month at 2-8⁰C 

2.3. Prepared Quality Controls(each) = Quality Control vial + 250µL DI 

2.3.1. Invert vial 5 times 

2.3.2. Vortex for 30 seconds 

2.3.3. Allow to sit 5-10 minutes 

2.3.4. Store for up to 1 month at ≤-20⁰C 

2.4. Prepared Serum Matrix = Serum Matrix bottle + 1mL Assay Buffer 

2.4.1. Invert vial 5 times 

2.4.2. Vortex for 30 seconds 

2.4.3. Allow to sit for 10 minutes 



 

146 

 

2.4.4. Store for up to 1 month at ≤-20⁰C 

2.5. Preparation of Human Metabolic Hormone Standard 7  

2.5.1. Reconstitute standard with 250µL DI 

2.5.2. Invert vial 5 times to mix 

2.5.3. Vortex for 10 seconds 

2.5.4. Allow to sit for 5-10 minutes 

2.6. Preparation of Standards 1-6 

2.6.1. Label Eppendorf tubes 1-6 and arrange in descending order (as below) 

2.6.2. Add 200µL Assay Buffer to each of the 6 tubes 

2.6.3. Perform serial dilution as below, centrifuging each tube for 20 seconds between 

steps 

 

3. Immunoassay Procedure 

3.1. Allow all reagents to come to room temperature  

3.2. Using a multi-channel pipet, add 200µL Assay Buffer to each well of the plate 

3.2.1. Seal and mix on plate shaker for 10 minutes at room temperature (300rpm) 

3.2.2. Gently decant assay buffer into sink 

3.2.3. Remove residual buffer by inverting plate several times and tapping smartly onto 

absorbent towels 

3.3. Add Reagents to Wells 

3.3.1. Add 25µL Assay Buffer to the Background wells 

3.3.2. Add 25µL of each Standard or Control into the appropriate wells 

3.3.3. Add 25µL Assay Buffer to the sample wells 

3.4. Add 25µL samples to the sample wells 

3.5. Add 25µL Matrix Solution in Background, Standards, and Quality Control wells 

3.6. Add beads to each well 

3.6.1. Vortex bead bottle for 30 seconds 

3.6.2. Add 25µL of prepared beads to each well 

3.6.3. Shake beads intermittently to avoid settling, suck beads in-and-out of 

pipet/reservoir to shake 

3.7.  Seal plate with plate sealer 

3.7.1. Incubate overnight (16-18 hours) on plate shaker (300rpm) at 4⁰C 

3.7.2. Ensure that plate shaker is connected to a reliable power source 
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OPERATIONS: DAY 2 

4. Allow Detection Antibody and Strep.-Phy. Reagents to come to room temperature 

5. Wash Plate 3 times  

5.1. Rest plate on Magnet for 60 seconds 

5.2. While still attached to Magnet, gently decant into sink 

5.2.1. Lightly tap on absorbent towel several times 

5.2.2. Remove plate from Magnet 

5.3. Wash plate by adding 200µL Wash Buffer to each well 

5.3.1. Shake on plate shaker for 30 seconds 

5.4. Repeat Steps 5.1-5.3 for 3 cycles 

 

6. Add 50µL Detection Antibodies to each well  

6.1. Seal plate and incubate with agitation on plate shaker for 30 minutes at RT 

6.2. DO NOT ASPIRATE AFTER INCUBATION 

7. Add 50µL Streptavidin-Phycoerythrin per well  

7.1. Seal plate and incubate with agitation on plate shaker for 30 minutes at RT 

8. Wash Plate 3 times (Repeat Steps 5.1-5.4) 

9. Add 100µL Drive Fluid per well  

9.1. Seal plate and resuspend beads on plate shaker for 5 minutes at RT 

10. Run on Luminex (50µL, 50 Beads per Bead set) 

 

Reagents 

 Luminex Drive Fluid; located in NIMR Storage 

 MAGPIX Human Metabolic Hormone Panel (HMHMAG-34K) with analytes leptin and 

ghrelin; located in NIMR Lab#4 Fridge 

o Human Metabolic Hormone Standard (catalog #HMH-8034) 

o Human Metabolic Quality Controls 1 and 2 (catalog #HMH-6034) 

o Set of one 96-well Plate with 2 sealers 

o Assay Buffer (catalog #LE-ABGLP) 

o Serum Matrix (catalog #LHGT-SM) 

o Bead Diluent (catalog #LHE-BD) 

o 10X Wash Buffer, 2 bottles (catalog# L-WB) 

o Human Metabolic Hormone Detection Antibodies (catalog #HMH-1034) 

o Streptavidin-Phycoerthrin (catalog #L-SAPE12) 

o Mixing Bottle 

o Anti-Ghrelin Beads (catalog #HGRLN-MAG) 

o Anti-Leptin Beads (catalog #HLPTN-MAG) 

 MAGPIX CALS/VERS/Fluidics reagents; located in Parthenon Fridge #2 (extra reagents 

available once reagents below expire) 

o Calibrator: Lot#B21718, Exp: 2/23/2013 
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o Verifier: Lot#B22330, Exp: 2/22/2013 

o Fluidics1: Lot#B22323, Exp: 2/18/2012 

o Fluidics2: Lot#B22326, Exp: 2/18/12 

 

Instruments/Materials 

 MAGPIX (Luminex) 

 Adjustable pipettes with tips capable of delivering 25-1000µL (Gilson) 

 Multichannel pipettes capable of delivering 25-200µL (Gilson) 

 Reagent reservoirs 

 50mL Falcon tubes (BD) 

 Biohazard containers 

 Polypropylene microfuge tubes 

 Paper towels 

 Vortex mixer (Scientific Industries Model #G-560E) 

 Sonicator (Branson Ultrasonic Cleaner Model #B200) 

 Microcentrifuge (VWR International catalog# 521-2841) 

 Thermomixer comfort (Eppendorf #5355 000.011) 

 Exchangeable Thermoblock for MTPs and deepwell plates with lid (Eppendorf 

#022670565) 

 Hand held Magnetic Separation Block (EMD Millipore catalog # 40-285) 

 Gloves 

 Extra plate sealers 

 Kimwipes 

 

 

 


