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ABSTRACT 

BACKGROUND – Measles remains the leading cause of vaccine preventable disease that contributes to 

under 5 mortality rate despite the availability of a safe and effective vaccine. During the 2010-2011 

measles outbreak, infants aged 0-8 months constituted 39% of the total population of children admitted 

with measles infection at UTH in Lusaka, Zambia. None of these infants were vaccinated against measles 

because they were below the age of vaccination of 9 months. The optimal time for measles vaccination in 

infants has not been revised since the vaccine was introduced in 1966. The age at which passively 

acquired maternal measles antibodies decay is critical in determining the optimal age for measles 

vaccination in infants, particularly in HIV exposed infants who may have acquired low maternal 

antibodies, and even in those who are not HIV exposed. 

RESEARCH DESIGN AND METHODS – A cross-sectional study of 126 infants aged six and nine 

months old along with their respective mothers was carried out and participants were screened for measles 

antibodies in their oral fluid. The study was carried out at the under 5 clinics at Kanyama and Chilenje 

health centres in urban Lusaka, Zambia from October 2014 to December 2014. Demographic and clinical 

data were collected using a structured questionnaire. Measles antibodies were measured in the oral fluids 

of the mothers and infants using the enzyme-linked immunosorbent assay (ELISA) test. 

RESULTS – One hundred and one (81.4%) of the infants included in the study had no protective maternal 

measles antibodies in their oral fluids. Eighty three percent (83%) of the 6 months and 93% of the 9 

months old infants had unprotective measles IgG antibodies detected. Twenty eight (22%) of the infants 

included in the study were exposed to HIV. Four (14.2%) of the HIV exposed and 8 (8.1%) of the HIV 

non exposed infants had protective measles antibodies. Only 87 (69%) of the mothers had positive 

measles IgG antibodies. None of the study variables had significant influence on the status of maternal 

measles antibodies in the infants - maternal and infant HIV status, infant birth weight, prematurity, 

maternal measles IgG antibody status as well as maternal and infant nutritional status. 

CONCLUSION – The findings in this study suggest that 81.4% of the infants in the studied population 

are susceptible to measles infection before the age of immunization at 9 months. A lot of other studies 

done in different regions of the world have demonstrated early loss of maternal measles antibodies below 

the age of vaccination and have recommended early immunization in infants to reduce susceptibility to 

measles infection. This study calls for more large scale studies to determine the appropriate age for 

measles vaccination in the Zambian infant population. 
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CHAPTER ONE 

1.1 INTRODUCTION 

Measles is a major vaccine-preventable disease that contributes to under 5 mortality rate (1). The 

fourth Millennium Development Goal (MDG 4) aims to reduce the under-five mortality rate by 

two-thirds between 1990 and 2015. Recognizing the potential of measles vaccination to reduce 

child mortality, and given that measles vaccination coverage can be considered a marker of 

access to child health services, routine measles vaccination coverage has been selected as an 

indicator of progress towards achieving MDG 4 (2). The possibility of measles eradication has 

been discussed for over 40 years (3). The revised global measles mortality reduction set forth in 

the WHO-UNICEF global immunization vision and strategy for 2006-2015 is to reduce measles 

deaths by 90% by 2015 compared to the estimated 757,000 deaths reported in 2000 (3). 

In 2011, there were 158 000 measles deaths globally-about 430 deaths every day or 18 deaths 

every hour.  More than 95% of measles deaths occur in low-income countries with weak health 

systems. Measles vaccination resulted in a 71% drop in measles deaths between 2000 and 2011 

worldwide (4). In 2011, about 84% of the world's children received one dose of measles vaccine 

by their first birthday through routine health services-up from 72% in 2000. Despite impressive 

progress globally, more than 400 children die every day from this completely preventable 

infection (5). In 2010, there was a measles outbreak in Zambia and WHO reported more than 

33000 measles cases in Zambia. Data from UTH indicated that 1310 children were admitted with 

measles between May 2010 and February 2011. Young infants aged 0-8 months constituted 39% 

of the total population and none of these infants were immunized because they were below the 
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immunization age (6). During the 2010-2011 measles outbreak in Zambia, 17% (5,195/30,397) 

of those infected were below the immunization age of 9 months (7). 

The risk of measles disease in infants and children is much lower in developed countries and 

measles vaccine is administered at 12-15 months of age when virtually all children have lost 

maternal antibodies and an optimal immune response is achieved (8). In some of these developed 

countries, measles has been eliminated and others are close to elimination (9). But developing 

countries still have high rates of endemic measles and routine immunization is recommended at 9 

months of age because of the increased risk of infection early in life (10). 

It is well documented that measles infection causes transient but profound immunosuppression 

resulting in increased susceptibility to secondary bacterial and viral infections as well as severe 

malnutrition (11). Due to the development of these opportunistic infections and severe 

malnutrition, measles remains the leading vaccine preventable cause of child death worldwide. 

This means that HIV exposed and infected children who already have some degree of 

immunosuppression are at risk of mortality when co-infected with measles. Studies have 

reported that HIV type 1 infection is a risk factor for increased mortality in hospitalized Zambian 

children with measles (12). 

The main intervention for measles control in Zambia has been routine administration of a single 

dose of measles vaccine at 9 months and also during national immunization campaigns targeting 

children between 6 months and 15 years. More recently, a second dose of measles has been 

introduced at 18 months. But the optimal age for vaccination in infants has not been revised 

since the introduction of measles vaccine in the 1960s. The age at which passively acquired 

maternal antibodies decay is critical in determining the optimal age for measles vaccination, 

particularly in HIV exposed children who may have acquired very low maternal antibodies. 
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Further, it is well known that measles vaccine acquired immunity in mothers also leads to 

inadequate passive transfer of antibodies to the newborn babies especially in the face of maternal 

under nutrition and HIV infection (13). 

 

1.2 LITERATURE REVIEW 

1.2.1 Measles Epidemiology 

Measles is a highly infectious disease caused by the measles virus. In the pre-vaccination era, 

>90% of individuals were infected by the age of 10 years, the majority with symptoms. Measles 

occurs only in humans who are natural hosts, no animal reservoirs are known to exist. Measles 

virus is transmitted by aerosolized respiratory droplets and by direct contact. The incubation 

period of measles is approximately 10 days and ranges between 7-15 days from the day of 

exposure to onset of fever, usually 14 days until rash appears. A person is most contagious 4 

days before eruption of the rash and 4 days after appearance of the rash. In temperate climates 

most cases of measles occur during winter and early spring. The incidence of measles increases 

during dry seasons in tropical climates (14). 

Measles can be prevented readily by vaccination. In 2007, worldwide coverage of the first dose 

of measles vaccine reached 82%. Between 2000 and 2007, the estimated number of deaths from 

measles dropped from 750 000 to 197 000 (15). However, measles remains an important cause of 

death and morbidity in countries with limited health infrastructure. In countries where 

vaccination has substantially reduced the incidence of measles, failure to maintain high coverage 

of childhood immunization in all areas has resulted in a resurgence of the disease (16). 
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1.2.2 Measles: Virus and Disease 

Measles virus is the causative agent of measles and was first isolated from the blood of infected 

persons in the 1950s by John Enders and Thomas Peebles (17). The development of vaccines 

against measles soon followed. Measles virus is one of the most infectious directly-transmitted 

pathogens and occurs naturally only in humans. Measles virus (genus Morbillivirus, family 

Paramyxoviridae) is an enveloped, single-stranded RNA virus. The genome encodes 8 proteins, 

including the haemagglutinin (H) and the fusion (F) proteins. The lifelong immunity that follows 

infection is attributed to neutralizing antibodies against the H protein (18). 

Towards the end of the incubation period, patients develop prodromal symptoms of high fever, 

cough, coryza and conjunctivitis. The typical maculopapular rash appears after another 3-4 days, 

often accompanied by a fever that peaks at 39-40 °C. At the onset of rash, bluish-white Koplik’s 

spots, which are pathognomonic of measles, are seen in the oral mucosa. Patients normally 

improve by the third day after rash onset and are fully recovered 7-10 days after onset of disease 

(19). 

The severity of measles varies widely, depending on a number of host and environmental factors. 

The risk of developing severe or fatal measles increases for those aged <5 years, living in 

overcrowded conditions, who are malnourished (especially with vitamin A deficiency), and those 

with immunological disorders, such as advanced HIV infection. In developing countries, case-

fatality rates among young children may reach 5-10% (20). In industrialized countries, deaths 

from measles are rare, although severe forms of the disease and even death may occur in 

previously healthy individuals. 
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Measles infection produces an immune paradox. Measles virus infection, while inducing lifelong 

immunity, also suppresses the immune system leading to an increase in susceptibility to other 

secondary infections (21, 22). Immune suppression can continue for many weeks to months after 

the apparent recovery from measles (23). Immunosuppression associated with acute measles 

infection is the major cause of infant death and therefore of substantial clinical importance. 

Secondary bacterial, protozoal, or viral infections occur because of immunosuppression caused 

by measles infection. These infections can result in pneumonia, chronic pulmonary disease, otitis 

media, laryngotracheobronchitis, adult respiratory distress syndrome, hepatitis and diarrhea (24). 

These secondary infections account for most of the morbidity and mortality associated with acute 

measles.  

Different immune abnormalities have been associated with measles, including disappearance of 

delayed-type hypersensitivity reactions, impaired lymphocyte and antigen-presenting cell 

functions, down-regulation of pro-inflammatory interleukin 12 production and altered interferon 

alpha/beta signaling pathways. Several measles virus proteins have been suggested to hinder 

immune functions: hemagglutinin, fusion protein, nucleoprotein and the non-structural V and C 

proteins (11). 

 

1.2.3 Vaccine and Control of Measles 

A number of live, attenuated measles vaccines are available, either as monovalent vaccine or in 

combination with either rubella vaccine (MR) or mumps and rubella vaccines (MMR). Many of 

the attenuated strains in use are derived from the Edmonston strain isolated in 1954, named after 

the student the virus was isolated from, and have been in use since the 1960s (25). 
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Measles vaccine is safe, efficient and cost effective. The efficacy of measles vaccine was 

established in a series of double-blind controlled field trials which demonstrated a high degree of 

protective efficacy afforded by the individual vaccine components (26). The studies also 

established that seroconversion in response to vaccination against measles paralleled protection 

from the disease (27). 

But despite the availability of a safe, cost effective, and efficient vaccine, measles remains an 

important cause of vaccine-preventable child mortality worldwide, especially in sub-Saharan 

Africa (28). Morbidity and mortality due to acute measles infection and complications are higher 

in developing countries compared to developed countries.  

In regions of high HIV-1 prevalence, coinfection with HIV-1 more than doubled the odds of 

death in hospitalized children with measles and increased mortality among HIV-1 infected 

children is further evidence that greater efforts are necessary to reduce transmission of the 

measles virus in such regions (29). Studies have also shown evidence that the duration of 

hospitalization was longer for HIV-infected children (30).  And also that HIV-1 infected children 

with measles may have a prolonged infectious period that potentially enhances measles virus 

transmission and hinders measles control (31). 

During the 2010 measles outbreak in Zambia, 39% of children admitted to UTH in Zambia were 

below 9 months, the age of routine immunization (6). A study done in Mali showed that only 

30% of infants aged 2 months had protective antibody titers and among 6 months old infants 

none had protective titers (32). In Gabon, the proportion of seronegative infants had reached 90% 

by the end of 4 months (33). This constitutes the age group which is more at risk of morbidity 

and mortality caused by acute measles infection and complications. 
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WHO strategies to control measles include high vaccination coverage, laboratory-backed 

surveillance, monitoring and evaluation, outbreak preparedness and response, communication 

and community engagement, and research and development (34). A second measles routine 

vaccine dose has been recommended for countries with >80 % coverage of the first dose (35). By 

2010, Zambia had achieved 84% coverage of measles vaccination in children aged 12 months (3 

consecutive years > 80% coverage) (36). 

 

1.3 STATEMENT OF PROBLEM 

Measles elimination is one of the major global health priorities. WHO’s vision is to achieve and 

maintain a world without measles. Its main goals are to reduce global measles mortality by at 

least 95% by 2015 compared with 2000 estimates and to achieve measles elimination by 2020 in 

at least 5 WHO regions. Measles vaccination has proved to be an extremely helpful and 

successful public health intervention which has resulted in the elimination of measles in some 

regions. But while half of the world is close to eliminating measles, many countries in Sub-

Saharan Africa, including Zambia are still struggling to control the disease. In the light of many 

infants falling ill with measles in the age range below vaccination age, the Expanded Program on 

Immunization (EPI) may need to introduce an earlier second dose of measles vaccine. 
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1.4 STUDY JUSTIFICATION 

There are few studies that have been done to establish the age at which passively acquired 

measles antibodies decay in infants, particularly in HIV exposed infants in Zambia. The 

immunization schedule for measles has not been revised from the time the vaccine was 

introduced in the 1960s. With the recent frequent cyclical measles outbreaks in the era of 

HIV/AIDS, there is need to revise the immunization schedule especially to target infants that are 

exposed to HIV and even those that are not. Therefore, there is need to carry out this study to 

establish the age at which maternal measles IgG antibodies are lost in infants in order to establish 

the optimal age for immunization.  

 

1.5 RESEARCH QUESTION 

What is the status of passively acquired maternal measles antibodies in HIV-1 positive and 

negative infants aged 6 and 9 months at Kanyama and Chilenje health centres in urban Lusaka, 

Zambia? 
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CHAPTER TWO 

2.1 Main objective 

The main aim of this study was to establish the status of passively acquired maternal measles 

antibodies in 6 and 9 months old infants attending the under-5 clinic at Kanyama and Chilenje 

Health Centres. 

2.2 Specific objectives 

1. To detect the levels of passively acquired measles antibodies in infants aged 6 and 9 months. 

2. To detect the levels of measles IgG antibodies in mothers of infants aged 6 and 9 months. 

3. To establish the age by which maternal antibodies decay in both HIV exposed and non-

exposed infants. 

4. To establish the factors that affect the presence or decay of passively acquired measles 

antibodies in infants aged 6 and 9 months.  

5. To help establish the optimal age for measles immunization for both HIV exposed and non-

exposed infants. 
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CHAPTER THREE 

3.1 RESEARCH METHODS 

3.1.1 Study design 

This was a cross-sectional study of mother-infant pairs of infants aged 6 and 9 months attending 

the under-5 clinics at Kanyama and Chilenje Health Centres in Lusaka. 

3.1.2 Study site 

The study was conducted from the under-5 clinics at Kanyama and Chilenje Health Centres in 

Lusaka, Zambia.  

3.1.3 Duration of study 

The study was conducted for a period of 3 months from October 2014 to December 2014. 

3.1.4 Study population 

The study was conducted among infants aged 6 and 9 months (paired with their respective 

mothers) attending the under-5 clinics at Kanyama and Chilenje Health Centres in Lusaka. 

3.1.5 Sample size 

Approximately 200 infants aged 6 and 9 months are seen at the under-5 clinics per month. The 

study duration (data collection) was 3 months, therefore the population size was 600 infants. 

Epi info version 3.3.2 software was used to calculate the sample size. 
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Using a population size of 600 infants, an expected frequency of 50% and a precision of ± 5% 

which brings the worst acceptable results to 55% and at 80% power with 95% confidence 

interval, the sample size was found to be 122 infants. 

3.1.6 Eligibility  

Eligibility to participate in the study was based on the following criteria: 

3.1.6.1 Inclusion criteria 

The children whose biological mothers consented to take part in this study were those aged 6 and 

9 months attending the under-5 clinics at Kanyama and Chilenje Health Centres in Lusaka with 

their mothers.  

3.1.6.1 Exclusion criteria 

Infants that were not included in the study were disqualified based on the following exclusion 

criteria: 

-Infants that had history of measles infection. 

-Infants that had a rash. 

-Infants that had received measles vaccine. 

-Infants whose mothers refused to consent for participation in the study. 

-Infants with caregivers who were not their biological mothers. 

3.1.7 Description of variables 

The variables for this study are be as listed below. 
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3.1.7.1 Dependent variables 

The primary outcomes of the study were as follows: 

-The status of measles IgG antibodies in oral fluid samples of infants. 

3.1.7.2 Independent variables 

The independent variables for this study are listed below: 

-Status of measles antibodies in oral fluid samples of mothers 

-HIV status of both infants and mothers 

-Age (Both infant and mother) 

-Sex of infant 

-Level of education of mothers 

-Nutritional status of both mothers and infants 

3.1.8 Study procedures 

3.1.8.1 Patient screening, study enrolment and collection of socio-demographic data 

Mothers attending the under-5 clinics at Kanyama and Chilenje Health Centres were asked to 

take part in the study. The purpose of the study and the procedures involved were explained in 

the language that they understood best. Mothers who gave consent to take part in the study were 

enrolled and a written consent was obtained. Study participants were assured that the information 

they gave and their results were confidential.  
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Demographic and clinical information was obtained about the participants using structured 

questionnaires. Personal information that identified the participant was not included on the 

questionnaires. The only recorded identification for each participant being the study number.  

 

3.1.8.2 Clinical assessment 

The anthropometric measurements including body weight and length of each enrolled infant 

participant were taken and documented. The mothers’ weight and height were also measured in 

order to determine their nutritional status. The body weights and heights of the infants were 

assessed using the WHO Child Growth Standards (WHO Child Growth Standards 2006). 

Nutritional oedema and mid-upper arm circumference of the infants was also assessed and 

documented. 

3.1.8.3 Laboratory assessment 

For each mother-infant pair, oral fluid was collected using oral fluid collecting devices – Oracol 

device (Malvern Medical, United Kingdom, UK). The kit consists of an absorbent foam swab 

(designed to collect up to 1 ml of saliva), centrifuge tube and cap. The absorbent pad was moved 

along the gums and left stationary between the lower gums and the buccal membrane for a 

minimum of 2 minutes or until the pad was saturated with oral fluid. Thereafter, the collection 

device was placed in a centrifuge tube containing the buffer. The oral fluid was then transported 

to the Kaposi Sarcoma Laboratory at UTH, Lusaka, Zambia. The infant and mother samples 

were collected in two separate containers and the samples were analyzed separately. The 

containers were clearly labeled as mother or infant sample.  
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The Oral fluid specimens were screened for measles-specific IgG using the MicroImmune 

ELISA test (Microimmune Ltd, UK). The sensitivity and specificity of the IgG assay are 97.5% 

(95% CI 96.1–98.3) and 86.7% (95% CI 78.4–91.5), respectively (37, 38).  

Participants who had no documented HIV status were tested for HIV using the rapid diagnostic 

antibody tests. HIV exposed infants who tested positive with the rapid diagnostic antibody test 

were tested for HIV infection using the PCR test and referred to Antiretroviral (ART) clinic for 

further follow up.  

The results were entered on a standard study laboratory form (Appendix D). 

 

3.2 STATISTICAL ANALYSIS 

The data was collected, coded, anonymised and later stored on Epi-Info database. Double data 

entry, data cleaning and validation was done using Epi-Info, version 3.3.2. 

All statistical tests were at 5% significance level. T-tests were used to compare mean values 

between groups and the Chi-squared test was used for comparison of proportions of categorical 

variables. Study variables were checked for evidence of collinearity based on a Spearman 

correlation coefficient >0.8. The relationship between study variables and the status of passively 

acquired maternal measles antibodies was examined using logistic regression.  The selection for 

entry into the logistic regression model was considered at level p<0.20 or known clinical 

significance. Significant factors at p<0.20 which were infant age, gestation age, mother age, and 

education level were fitted into the model along with infant HIV status and mother IgG status. 
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The p-value, odds ratio, and 95% confidence interval were reported. Both bivariate and 

multivariate analysis odds ratios with their corresponding 95% CI were calculated. Statistical 

analyses were performed using SAS version 9.3., and for some preferred graphical output, IBM 

SPSS Statistics version 21.0 was preferred.  

 

3.3 ETHICAL CONSIDERATIONS 

Ethical approval was sought from Excellence Research Ethics and Science (ERES) Converge. 

Permission was obtained from Lusaka District Health Office for the participating clinics. 

Informed consent was obtained from the mothers by way of a signature or thumb print if they 

were unable to write. 

3.3.1 Confidentiality 

The information obtained from the participants and results of the tests were not shared with 

anyone outside the study team. The researcher and supervisors were the only ones with access to 

the information and laboratory results.  
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CHAPTER FOUR 

4.1 RESULTS 

This study examined the status of passively acquired maternal measles antibodies in infants aged 

 

6 and 9 months as well as the status of measles IgG antibodies in their respective mothers. Oral  

 

fluid was obtained from both infants and mothers and the test used was the ELISA test.  

 

A total of 126 mother-infants pairs were enrolled in the study. The mother-infant pairs studied 

were from urban Lusaka, Zambia. It was found that 69/126 (57.3%) were from Kanyama while 

57 /126 (42.7%) were from Chilenje. Of the infants enrolled, 57/126 (45.2%) were male infants 

and 67/126 (54.032%) were female. Fifty one (40.8%) out of the 126 infants were aged 6 months 

and 74/126 (59.2%) were aged 9 months.  

Figure 1: Infant Age Distribution 

 

  

 

 

 

 

 

 

Figure 
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Figure 2: Infant Sex Distribution 

 

 

 

 

 

 

 

 

 

Of the 126 infants recruited into the study, 101 (81.4%) tested negative for measles IgG 

antibodies in oral fluid. Seven (58.3%) out of 12 of those that tested positive were aged 6 months 

while 5/12 (41.7%) were 9 months old. Ten of the infants that were positive for measles IgG 

were born to mothers with measles IgG and 2 of these infants were born to mothers that tested 

negative. This may indicate exposure of these 2 infants to the measles virus. All of the infants 

included in this study had no symptoms of measles infection at the time the study was done, and 

none of them had a history of measles infection or contact with anybody who had measles that 

the mothers were aware of. The proportion of measles positive antibodies in 6 months old infants 

was higher than the 9 months old infants, 7/42 (16.7%) versus 5/70 (7.1%). 
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Figure 3: Status of measles antibodies by age 

 

 

Table 1: Distribution of measles IgG antibody in mother infant pairs 

 

Measles IgG Status 

 

No. (%) 

 

Both mother and infant positive 

 

10 (9) 

 

Both mother and infant negative 

 

28 (26) 

 

Mother positive infant negative 

 

68 (63) 

 

Mother negative infant positive 

 

2 (2) 
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Table 2: Characteristics of infants included in the study.  

Variable Number (n=126) Percent 

      

Sex     

Male 57 45.2 

Female 67 53.2 

Missing 2 1.6 

Age     

6 months 51 40.5 

9 months 74 58.7 

Missing 1 0.8 

Gestation age     

Preterm < 28 weeks 2 1.6 

Preterm between 28 and 37 weeks 12 9.5 

Term > 37 weeks 112 88.9 

Birthweight     

< 2500g 12 9.5 

> 2500g 111 88.1 

Missing 3 2.4 

Infant HIV status     

Exposed 29 23.0 

Not exposed 97 77.0 

Breastfeeding     

Breastfeeding 119 94.4 

Stopped breast feeding 3 2.4 

Never breastfed 1 0.8 

Missing 3 2.4 

Nutritional status     

Normal weight 91 72.2 

Underweight 26 20.6 

Moderate malnutrition 6 4.8 

Severe malnutrition 2 1.6 

Missing 1 0.8 

Infant IgG     

Positive 12 9.5 

Negative 101 80.2 

Indeterminate 11 8.7 

Missing 2 1.6 
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Table 3: Characteristics of the mothers included in the study 

Variable Number Percent 

      

Residential area     

Kanyama 69 54.8 

Chilenje 57 45.2 

Education level     

None 5 4.0 

Primary 51 40.5 

Secondary 62 49.2 

Tertiary 4 3.2 

Missing 4 3.2 

Mother’s Age     

< 20 years 20 13.9 

20 – 29 years 74 58.7 

≥30 years 31 24.6 

Missing 1 0.8 

Maternal Nutritional Status   

Underweight 13 10.3 

Health Weight 77 61.1 

Overweight 24 19 

Obese 11 8.7 

Missing 1 0.8 

History of Measles vaccine     

Yes 88 69.8 

No 9 7.1 

Not known 24 19.0 

Missing 5 4.0 

History of Measles infection     

Yes 27 21.4 

No 81 64.3 

Not known 11 8.7 

Missing 7 5.6 

HIV status     

Positive 24 19.0 

Negative 95 75.4 

Missing 7 5.6 
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There were 20/126 (15.9%) mothers less than 20 years, the youngest being 15 years old. Seventy 

four (58.7%) out of 126 of the mothers were aged between 20-29 years, and 31/126 (24.6%) 

mothers were above 30 years, the oldest was 39 years old.  The mean age was 25 and the median 

was 24 with standard deviation of 5.56. Eighty seven (69%) out of 126 of the mothers had 

positive measles IgG antibodies in the oral fluid, 32/126 (32.4%) were negative, and 6/126 

(4.8%) were indeterminate or borderline. Mothers to infants with positive Measles IgG 

antibodies were older compared with those with negative antibodies (figure 4). 

Figure 4: Boxplot comparing maternal age and infant measles IgG status 
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There were 88/126 (69.8%) mothers with history of measles vaccination in childhood, 9/126 

(7.1%) with no history of vaccination, and 24//126 (19%) could not recall having been 

vaccinated against measles. There were 27/126 (21.4%) mothers with history of measles 

infection, 81/126 (64.3%) with no history of infection, and 11/126 (8.7%) unknown history of 

measles infection. 

Figure 5 shows history of measles vaccine compared with mother age, mothers < 20 years had 

the highest proportion of no history of measles vaccination 5/18 (27.8%), and mothers ≥ 30 years 

had the highest proportion of history of measles vaccine 20/21 (95.2%). 

Figure 5: Maternal vaccination history status by age 
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There were 12 infants with positive IgG status. Three out of the 12 infants were born to mothers 

with unknown history of measles vaccination and infection. Out of the 9 infants with positive 

IgG status and known maternal measles vaccination and infection history, 2/9 (22.2%) were born 

to mothers that had history of both the vaccination and infection. Seven out of nine (77.8%) were 

born to mothers who had history of vaccination but no infection. 

Table 4 shows the cross-tabulation of the maternal history of vaccination, infection, and infant 

IgG status. The association was not significant, P-value = 0.84. 

Table 4: Cross-tabulation of maternal history of measles vaccine, infection, and infant IgG status 

History of Measles Vaccine * History of Measles Infection * Infant IgG Cross tabulation 

Infant IgG History of Measles Infection Total 

Yes No 

Positive 

History of Measles Vaccine Yes 
Count 2 7 9 

% with  Measles Vaccine 22.2% 77.8% 100.0% 

Total 
Count 2 7 9 

% with History of Measles Vaccine 22.2% 77.8% 100.0% 

Negative 

History of Measles Vaccine 

Yes 
Count 15 47 62 

% with History of Measles Vaccine 24.2% 75.8% 100.0% 

No 
Count 1 4 5 

% with History of Measles Vaccine 20.0% 80.0% 100.0% 

Total 
Count 16 51 67 

% with History of Measles Vaccine 23.9% 76.1% 100.0% 

Total 

History of Measles Vaccine 

Yes 
Count 17 54 71 

% with History of Measles Vaccine 23.9% 76.1% 100.0% 

No 
Count 1 4 5 

% with History of Measles Vaccine 20.0% 80.0% 100.0% 

Total 
Count 18 58 76 

% with History of Measles Vaccine 23.7% 76.3% 100.0% 
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Twelve (9.5%) out of 126 of the infants studied were born with low birth weight, 13/126 (10.1%) 

of the infants were preterm (born at < 37 weeks) while 112/126 (88.9%) were born at term (> 37 

weeks). None of the infants born with low birth weight tested positive for measles antibodies, 

while 3/12 (25%) of those that tested positive were born preterm. Both low birth weight and 

prematurity had no significant association with presence of measles antibodies in infants (p=0.60 

and p=0.14 respectively). 

One hundred and nineteen (94.4%) out of 126 infants were exclusively breastfed up to 6 months 

and were still breastfeeding at the time the study was done. Majority of the infants, 91/126 

(72.2%) had weight at median or above median, 26/126 (20.6%) infants were at -1SD, 6/126 

(4.8%) infants had moderate malnutrition (-2SD), and 2/126 (1.6%) had severe malnutrition (-

3SD). The number of mothers with healthy weight was 77/126 (61.1%), whereas 13/126 (10.3%) 

were underweight, 24/126 (19%) were overweight, and 11/126 (8.7%) were obese. There was no 

association between nutritional status of both mother and infant with the presence of measles IgG 

antibodies (Tables 5 and 6). 

Figure 6: Infant Nutritional Status 
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Of the infants included in the study, 28/126 (22.2%) were HIV exposed. Sixteen out of fifty one 

(31.4%) of those aged 6 months and 12/74 (16.2%) of the 9 months old were HIV exposed. Four 

out of twenty eight (14.2%) of the HIV exposed and 8/98 (8.1%) of the HIV non exposed infants 

had positive measles IgG antibodies. There was no significant association between maternal and 

infant HIV status with presence of maternal measles antibodies (MMA), p= 0.28 (table 6). 

Figure 7: Infant HIV status by age 

 

 

 

 

 

 

 

Of the 12 infants that had positive maternal measles antibodies, stratified by HIV status, there 

were 2/12 (16.7%) HIV exposed children aged 6 months with positive measles IgG antibodies, 

and 2/12 (16.7%) HIV exposed children aged 9 months with positive measles IgG antibodies. 

The proportion of positive measles IgG antibodies in infants not HIV exposed was similar for the 

infants aged 6 months but different for the 9 months age where 5.1% had positive antibodies. 
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Tables 5 and 6 show bivariate association analysis for the study variables with infant measles 

IgG antibodies status. None of the study variables were significantly associated with infant IgG 

status at 5% significance level. Infant age, infant gestation age at birth, infant birth weight, 

education level of the mother, and age of mother had P-values less than 0.20. These were 

considered for multivariate logistic regression together with significant clinical factors such as 

HIV status and maternal IgG status.  

 

Table 5: Bivariate analysis of mother characteristics with infant IgG status 

Variable IgG Positive IgG Negative P-value 

  N % N %  

      

Mother HIV status      

Positive 4 33.30% 20 19.80% 0.28 

Negative 8 66.70% 81 80.20%  

Nutritional status      

Underweight 2 16.70% 11 11.00% 0.41 

Healthy weight 9 75.00% 58 58.00%  

Overweight 1 8.30% 21 21.00%  

Obese 0 0.00% 10 10.00%  

Mother IgG      

Positive 10 83.30% 68 70.80% 0.50 

Negative 2 16.70% 28 29.20%  

Mother age      

< 20 years 1 8.30% 14 14.00% 0.13 

20-29 years 5 41.70% 63 63.00%  

≥ 30 years 6 50.00% 23 23.00%  
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Table 5: (Continued) 

Variable IgG Positive IgG Negative P-value 

  n % n %  

Sex      

Male 6 50.00% 47 47.50% 0.87 

Female 6 50.00% 52 52.50%  

Infant age      

6 months 7 58.30% 35 35.00% 0.13 

9 months 5 41.70% 65 65.00%  

Gestation age      

Preterm ≤ 37 weeks 3 25.00% 10 9.90% 0.14 

Term > 37 weeks 9 75.00% 91 90.10%  

Birthweight      

< 2500g 0 0.00% 11 11.10% 0.60 

> 2500g 11 100.00% 88 88.90%  

Infant HIV status      

Exposed 4 33.30% 20 19.80% 0.28 

Not exposed 8 66.70% 81 80.20%  

Breastfeeding      

Breastfeeding 10 90.90% 96 97.00% 0.35 

Other 1 9.10% 3 3.00%  

Infant nutrition      

Normal weight 9 75.00% 73 73.00% 0.99 

Other 3 25.00% 27 27.00%  

Residential area      

Kanyama 4 33.30% 52 52.50% 0.29 

Chilenje 3 25.00% 11 11.10%  

Other 5 41.70% 36 36.40%  

Education level      

Primary or none 8 72.70% 42 42.90% 0.06 

Secondary or better 3 27.30% 56 57.10%  

History of Measles vaccine      

Yes 10 90.90% 70 72.20% 0.38 

No 0 0.00% 6 6.20%  

Not known 1 9.10% 21 21.60%  

History of Measles infection      

Yes 2 20.00% 22 22.40% 0.57 

No 8 80.00% 67 68.40%  

Not known 0 0.00% 9 9.20%  
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Table 6 shows logistic regression analysis predicting positive infant measles IgG antibody status. 

Adjusting for confounders 6 months old infants had about 4.75 times increased odds on average 

for positive measles antibodies compared to 9 months old infants [Odds ratio (OR) = 4.75, 95% 

Confidence interval (CI) = 1.06 - 21.35,]. Adjusting for confounders infants born to mothers 

aged 20-29 years had about 43%  reduced odds for positive antibodies compared to infants born 

to mothers aged < 20 years, but this was not significant (OR = 0.57, CI =  0.05 - 6.84). Infants 

born to mothers aged ≥30 years had about 2 times increased odds for positive antibodies 

compared to infants born to mothers aged < 20 years, but this was not significant (OR=1.84, CI= 

0.14 - 24.15). HIV exposed infants had about 10% reduced odds for positive antibodies 

compared to infants not HIV exposed, however, this was not significant (OR=0.90, CI=0.18 - 

4.46). 

Table 6: Logistic Regression 
Variable Unadjusted Odds Ratio (95% CI) Adjusted Odds Ratio (95% CI) p-value 

        

Infant age       

9 months 1 1   

6 months 2.60 (0.77 - 8.80) 4.75 (1.06 - 21.35) 0.04 

Gestation age       

Term > 37 weeks 1 1   

Preterm ≤ 37 weeks 3.03 (0.70 - 13.07) 4.34 (0.82 - 22.96) 0.08 

Education level       

Secondary or better 1 1   

Primary or none 3.56 (0.89 - 14.22) 3.93 (0.86 - 17.88) 0.08 

Mother age       

< 20 years 1 1   

20-29 years 1.11 (0.12 - 10.27) 0.57 (0.05 - 6.84) 0.31 

≥ 30 years 3.65 (0.40 - 33.59) 1.84 (0.14 - 24.15)   

Infant HIV status       

Not exposed 1 1   

Exposed 2.03 (0.55 - 7.40) 0.90 (0.18 - 4.46) 0.90 

Mother IgG status       

Positive 1 1   

Negative 0.49 (0.10 - 2.36) 0.47 (0.07 - 2.96) 0.42 
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CHAPTER FIVE 

5.1 DISCUSSION 

Measles remains the leading cause of vaccine preventable disease that contributes to under 5 

mortality rate despite the availability of a safe and effective vaccine (1). Vaccination is the most 

cost effective public health intervention available for preventing morbidity and mortality from 

measles. Many infants are susceptible to measles infection before the age of vaccination (7).  

In the population studied, passively acquired maternal measles antibodies seem to wane earlier in 

infancy than was shown in previous studies that were the basis of the age of vaccination in 

Africa (39, 40). Majority of the infants, 81.4%, included in this study did not have protective 

maternal measles IgG antibodies, meaning that this population of children is at risk of measles 

infection before the age of vaccination of 9 months. An additional 11% had indeterminate or 

borderline results which may not be protective levels. Only 8% of the infants included in the 

study had protective measles antibodies from their mothers. 

In this study it was found that 83% of infants aged six months and 93% of those aged nine 

months had no protective maternal antibodies against measles detectable in their oral fluid. There 

are a lot of other studies done in various regions of the world that demonstrated early loss of 

maternal protective measles antibodies and early immunization was recommended.  

In South Africa, a longitudinal study done on black infants to measure the loss of maternal 

measles antibody in order to investigate the feasibility of measles vaccination before the age of 9 

months found unprotective  measles antibodies in 88% of 6 months old while at 9 months all 

were susceptible to measles virus infection (41). In Mozambique, it was noted that 82.4% of 

infants had lost maternal antibodies by 6 months (42). 
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A study done in Bangladesh to measure MMA decay in rural Bangladesh in 1994 showed that 

only 12% of infants at age 5 months and 5% at age 8 months had protective maternal measles 

antibodies (43). 

A study in Switzerland demonstrated that IgG antibodies against mumps, rubella and measles 

were lacking in the majority of infants, the following seroprevalence rates for IgG antibodies 

were found (measles/mumps/rubella): 0-3 months 97%/62%/91%, >3-6 months 40%/2%/42%, 

>6-9 months 4%/2%/10%, >9-12 months 2%/0%/12%, >12-16 months 0%/7%/7% (44). Another 

study in Turkish infants found seropositivity rates at 6 and 9 months to be 61.8% and 3.4% 

respectively (45). In Argentinian infants, measles antibodies decreased from 85% at 1 month of 

age to 8% at 8 months and it was found that 80% of infants were susceptible to measles infection 

for at least 3 months before routine immunization age at 1 year (46). 

There are quite a number of factors that have been attributed to influence the decay of MMA in 

infants. A study done in West Africa (Gambia) to determine the influence of prematurity and low 

birth weight on transplacental antibody transfer showed that maternal fetal transfer of antibodies 

is impaired in premature and low birth weight babies (47). Another study done in Sri Lanka also 

concluded that prematurity and low birth weight may influence the level of maternally acquired 

immunity in Sri Lankan neonates (48). In India, a study done to look at transplacentally 

transmitted anti – measles antibodies in term and preterm infants demonstrated a statistically 

significant decline in transplacentally transmitted anti-measles antibodies in preterm infants over 

a period of 5 months after birth but no significant correlation in statistical terms was observed 

between gestational age at birth and antibody status (49). 

In this study, prematurity and low birth weight were not significant factors influencing the status 

of measles antibodies in the studied population. It was also noted that there was no significant 
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difference in results in infants of different sex (p= 0.87). Gestational age at birth was also not a 

significant factor (p=0.53). Both the South African and Mozambican studies also showed that 

prematurity and low birth weight were not associated with the presence of immunoglobulin in 

oral fluid from infants (41, 42). 

Maternal HIV infection was not a significant factor affecting early loss of passively acquired 

measles antibodies in this study. These findings are in agreement with a study done in a Nigerian 

tertiary health care facility where it was also noted that maternal HIV infection was not 

associated with reduced MMA in mother-infant pairs as high protective levels were evident in 

both mother-infant pairs at birth (50). It was also noted that 94% of mothers exclusively 

breastfed their infants regardless of the HIV status, and the type of feeding did not have an effect 

on the presence of antibodies in the infants. 

Maternal age and measles vaccination as well as maternal and infant nutritional status in this 

study were found to have no influence on the status of measles antibodies in the infants. It was 

noted that older mothers had a higher proportion of infants with positive maternal measles 

antibodies as compared to younger mothers. Previous studies have shown that mothers believed 

to have vaccine induced immunity would give birth to offspring with a wider window of 

susceptibility than mothers with immunity from natural immunity (51, 52). In Antwerp, Belgium, 

it was found that among infants of naturally infected mothers, only 5% had protective antibodies 

after 6 months, which is much shorter than believed earlier (53). 

This study also found that the status of maternal measles antibody in mothers had little effect on 

the early decay of passively acquired antibodies as it showed that 69% of mothers had positive 

antibodies as compared to 8% of infants in the studied population. It is difficult to explain why 

this is so. There was a small proportion of infants (2) with detectable measles IgG antibodies that 
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were born to mothers that did not test positive to measles antibodies. The mothers to these 

infants did not give any history of measles infection in these children. Subclinical infection post 

exposure to the wild type virus could explain this, however, this does not exclude the possibility 

of false positive test reactions in these infants. In this group of infants, it would have helped 

explain these findings if measles IgM antibodies were done as evidence for recent exposure to 

the wild type virus. 

There is some variation in the decay of maternally derived measles antibodies in infants in the 

studies done in various regions of the world, however all have shown early loss of these 

antibodies in the different populations studied and have recommended consideration of an earlier 

dose before the current age of vaccination (9 months in developing countries, 12-15 months in 

developed countries). Using mathematical models, Mclean and Anderson demonstrated that the 

rate of loss of maternal derived immunity to measles is broadly similar in developed and 

developing countries (54). This study has also demonstrated early loss of MMA in the population 

of infants in urban Lusaka, Zambia. 
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CHAPTER SIX 

6.1 CONCLUSION 

A number of studies done in different regions of the world have demonstrated early loss of 

passively acquired MMA in infants and have recommended early immunization in infants to 

reduce the susceptibility of measles infection. WHO current recommendation is 2 doses of 

measles vaccination in countries that have more than 80% of measles vaccine coverage. Zambia 

has achieved over 80% of measles vaccination, and has introduced a second measles dose to be 

administered at 18 months, however no studies have been done to justify when the second 

dosage should be given. This study also has demonstrated early loss of maternal measles IgG 

antibodies, and therefore an earlier dose of measles vaccination has to be considered in infants 

aged below 9 months.  

The assessment of the status of passively acquired maternal measles antibodies in infants 

coupled with adjustment of vaccinations schedules and implementation of vaccination strategies 

could improve protection from measles in infants. This includes undertaking large scale studies 

to determine the appropriate age for immunization against measles. The optimal age of measles 

vaccination has to be determined in different regions of the world. It is defined as the age with 

the highest proportion of infants responding to the vaccine (55) and is dependent on the presence 

of maternal antibodies against measles virus as well as the maturation of the immune system 

(55). To achieve elimination of measles, vaccination has to be at the earliest possible time after 

clearance of maternal antibodies. This will help keep the disease in the susceptible infants as low 

as possible. Therefore, this study highlights the urgent need to undertake large scale studies to 

determine the appropriate age for measles immunization in the Zambian infant population. 
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6.2 LIMITATIONS 

Results obtained in this study may not be generalized to the entire Zambian population as the 

findings are specific to the mother-infant pairs attending Kanyama and Chilenje Health Centres. 

Vaccine related and natural immunity to measles in the mothers were not differentiated in the 

study, this has an implication on the immune status of the mother. 

Recall bias was another limitation as the mothers were asked to give information on events that 

occurred in the past when they were infants (for vaccination). 

 

6.3 RECOMMENDATIONS: 

Policy makers have to be aware of the probable early loss of maternal protection against measles 

infection in the Zambian infant population. 

The policy on the first dose of measles vaccination at age nine months needs to be revisited, by 

considering administering the vaccine earlier at 6 to 7 months and a second booster dose at a 

later age of 12 months. 

The need for further studies to assess the status of measles maternal antibodies in infants below 

the immunization age at a larger scale should be emphasized and given priority in order to come 

up with the optimal age for the first dose of measles vaccine. 

Policy makers under the Ministry of Community Development, Mother and Child Health will 

have to conduct further studies to assess the nationwide prevalence of maternal measles IgG 

antibody in women of childbearing age.  
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APPENDICES 

APPENDIX A: CONSENT FORM 

UNIVERSITY OF ZAMBIA 

DIRECTORATE OF RESEARCH AND GRADUATE STUDIES 

UNIVERSITY TEACHING HOSPITAL, PAEDIATRICS DEPARTMENT 

PARTICIPANT INFORMATION AND CONSENT FORM 

STUDY TITLE: THE STATUS OF PROTECTIVE MEASLES ANTIBODIES IN HIV-1 

POSITIVE AND NEGATIVE INFANTS AGED 6 AND 9 MONTHS IN URBAN 

LUSAKA, ZAMBIA. 

Principal Researcher: Dr. Maureen Simwenda 

Supervisors: Prof. M.P.S Ngoma 

           Dr. E. Mpabalwani 

INTRODUCTION 

I am Dr. Maureen Simwenda, a medical doctor working in the Paediatrics department at the 

University Teaching hospital (UTH). I am pursing a Master’s Degree in Paediatrics and Child 

Health. This study is being conducted as part of the degree.  I am responsible for this study. 

PURPOSE OF STUDY 

This research study will be looking at the protection against measles offered by a mother to her 

infant aged 6 and 9 months. The study hopes to find out how many infants have this protection 

before they receive their measles vaccine at 9 months. 
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You are invited to take part in this study because you have a child who is 6 / 9 months old. 

VOLUNTARY PARTICIPATION 

Your participation in this study is voluntary. If you decide to not participate in this study, it will 

not negatively affect your care at this under-5 clinic.  

PROCEDURE 

Once you agree to take part in this study, you will sign this consent form to show your 

willingness to take part. Following this, you will be asked some questions from a questionnaire 

about you and your child. The answers to the questions will be entered on the form. Your name 

will not be entered on the questionnaire. You will be allocated a study number. 

Your child’s weight, height and mid-upper arm circumference will be measured. A physical 

examination of your child will be done, particularly to assess signs of malnutrition like 

nutritional edema. Your weight and height will also be measured to assess your nutritional status. 

You will be requested to provide a sample of saliva. Your child will also provide saliva. This 

will be collected using a special collecting device. If at all you and your child’s HIV status is not 

documented, you will be requested to do an HIV test, after in depth counseling. 

RISKS, INCONVENIENCES AND DISCOMFORT 

You will need to take time off your usual routine under-5 clinic visit to answer the questions 

from the researcher, have your measurements taken and saliva samples collected. This will not 

exceed 30 minutes. 
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You and your child will experience pain from the finger and or heel prick for the HIV test if we 

need to do it. There may also be some discomfort when collecting the saliva and scrapings. The 

procedures will be done by skillful and trained persons so that there is no infection. 

BENEFITS OF PARTICIPATION 

Participation in the study will give you added exposure to a trained healthworker whom you can 

consult on other health issues. The findings of the study will help in the prevention of measles in 

Zambia, which will indirectly benefit your community. 

ALTERNATIVE TO PARTICIPATION 

If you do not choose to participate in the study, your clinic under-5 visits will not be affected in 

any way and you will continue to receive the care you always receive. 

PAYMENT FOR PARTICIPATION 

You will not be paid in any form for your participation in this study. 

COSTS TO PARTICIPANT 

You will not be required to pay anything in order to take part in this study. 

CONFIDENTIALITY 

The information you give will not be shared with anyone apart from the researcher, supervisors 

and University of Zambia examination board. Your name will not be indicated on the forms used 

to collect information. You will instead be identified by a code. You will not be personally 

identified in the write up of this research or in future publications. 
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QUESTIONS ABOUT THE RESEARCH 

If you have any questions about the research, please contact the researcher, Dr. Maureen 

Simwenda on 0977 410 461 or email maursim@hotmail.com. You may also contact the Eres 

Converge Committee chairperson for any concerns on telephone 0955 155 633 or email 

eresconverge@yahoo.co.uk. 

LEGAL RIGHTS AND SIGNATURES 

I ______________________________________________________ consent to take part in this 

study conducted by Dr. Maureen Simwenda. The nature of the study and what is involved have 

been clearly explained to me and I understand them. I am not waiving any of my legal rights by 

signing this form. 

My name and signature/thumb print are indicated below as an indication of my consent. 

_________________________________       _________________________      __________ 

PRINT NAME OF PARTICIPANT              SIGNATURE OF PARTICIPANT       DATE 

_________________________________       _________________________      __________ 

PRINT NAME OF WITNESS                      SIGNATURE OF WITNESS               DATE 

_________________________________       _________________________      __________ 

PRINT NAME OF RESEARCHER              SIGNATURE OF RESEARCHER       DATE 

 

 

 

mailto:eresconverge@yahoo.co.uk
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APPENDIX B: STUDY QUESTIONNAIRE - INFANT 

STUDY CODE NUMBER: {             } 

SOCIO-DEMOGRAPHIC INFORMATION 

Sex:  M {        }  F   {          } 

 

Date of Birth (from under-5 card:{                                 } 

 

Age in months (at last month):  

6 months {      }  9 months {      }   

 

Gestational Age at Birth:  

Preterm <28weeks {     } Preterm < 37weeks but >28 weeks {     } Term >37weeks{    } 

 

Birth Weight:  

<2,500g {      } >2,500g {      }   

 

 

HIV STATUS (Documented) 

Exposed {       }                   Not Exposed {       }                  Infected {       } 

 

 

NUTRITIONAL STATUS / ANTHROPOMETRIC MEASUREMENTS 

 

Breastfeeding 

Breastfeeding {      }          Stopped Breastfeeding {      }            Never Breastfed {      } 

 

 

Height (in cm, rounded to the nearest 0.1cm): _______________________ 

 

 

Weight (in kg, rounded to the nearest 100g): ________________________ 

 

Z-score for Weight for Height:_________________________ 

 

Mid Upper Arm Circumference:    <11cm {       }                 11-12cm {       }      >13cm {       } 

  

Presence of Nutritional Edema:       Yes {        }                          No {        } 
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APPENDIX C: STUDY QUESTIONNAIRE - MOTHER 

 

STUDY CODE NUMBER: {             } 

 

SOCIO-DEMOGRAPHIC INFORMATION 

 

Age in years (at last Birthday): _______________    

 

Religion:  

Christian {      }  Muslim {      }     Hindu {      }  Other {      } 

Specify if ‘Other’…………………………….. 

 

Residential area:  

Kanyama Area {      }  Chilenje Area {      }  Other {      } 

 

Highest Level of Education:  

None {        }           Primary {      }      Secondary {      }         Tertiary {       }   

 

History of Measles Vaccine:  

Yes {      }    No {      }        Not known {      }  

 

History of Measles Infection: 

 Yes {      }   No {      }       Not known {      }    

 

If Yes state when ……………………………………………… 

 

HIV Status (Documented): 

             Positive {        }                              Negative {       }  

 

Nutritional Status of Mother: 

Weight {             }                              Height {             }                          BMI {              } 
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APPENDIX D: LABORATORY INFORMATION FORM 

STUDY CODE NUMBER: {             } 

LABORATORY FINDINGS: 

Infant Sample: 

IgG Antibodies:  Negative {      } Positive {      }  

Mother Sample: 

IgG Antibodies:  Negative {        }                             Positive {        }  

Infant HIV Antibody Test 

Negative {        }                Positive {         }    Not applicable (Documented HIV status) {   } 

Infant HIV PCR Test 

Not Detected {       }             Detected {        }                 

Mother HIV Antibody Test  

Negative {        }               Positive {         }      Not applicable (Documented HIV status) {        } 

 

 

 


