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ABSTRACT 

Background 

Children under five years of age are most affected by diarrhoea, and co-infections may lead to 

more severe disease. Rotavirus vaccine introduction has altered the aetiology of diarrhoea in 

some high-income countries but limited data are available for low-middle income countries. 

The aim of this study was to investigate the aetiology of acute diarrhoea and possible risk 

factors associated with rotavirus diarrhoea post-rotavirus vaccine introduction in hospitalised 

children.  

Methods 

A secondary analysis was conducted, using data from a diarrhoeal sentinel surveillance 

program, which enrolled children hospitalised for acute diarrhoea at nine hospitals in South 

Africa (SA). A TaqMan array card was used to detect multiple enteric pathogens from stools 

collected during 2015-2016. 

The prevalence of enteropathogens was described using a polymerase chain reaction cycle 

threshold (Ct) of ≤35 and specific Ct cut-offs for selected pathogens. Logistic regression was 

performed to investigate risk factors associated with rotavirus detection in the stool of children 

who received at least one dose of rotavirus vaccine. 

Results 

The analysis consisted of 793 children <5 years. Using Ct cut-off of ≤35, prominent diarrhoeal 

pathogens were: Enteroaggregative Escherichia coli (EAEC, 33,2%), adenovirus (28,6%), 

Shigella/Enteroinvasive E. Coli (EIEC, 24,1%), Cryptosporidium (23,6%), and rotavirus 

(22,1%). Using specific Ct cut-offs, rotavirus (20,7%), Shigella/EIEC (15,4%), and 

Cryptosporidium (13,0%) had the highest detection frequencies.  

The highest detection of rotavirus was among children 6-11 months old (35,3%), while 

Shigella/EIEC was highest amongst older children (24-59 months old) (50,5%) (Ct ≤35). The 

most prominent co-detections with rotavirus identified were Helicobacter pylori (4,9%) and 

Shigella/EIEC (3,7%). Children 6-11 months old (OR=4.27; 95%CI:2.022 – 9.020), admitted 

in winter (OR=29.57; 95%CI:13.212 – 66.164) or spring, (OR=7.05; CI:3.214 – 15.483), and 

hospitalised at the Red Cross Children’s Hospital (OR=2.92; 95%CI:1.139 – 7.511) had higher 

odds of rotavirus detection in stool despite being vaccinated against rotavirus. Participants from 

Klerksdorp Hospital had lower odds of rotavirus hospitalisation (OR=0.15; 95%CI:0.400 – 

0.611). 
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Conclusion 

Rotavirus was still a prominent cause of diarrhoea in hospitalised children <5 years old in 2015 

and 2016. The prevalence of Shigella/EIEC was higher in children 24-59 months old while 

rotavirus was most frequently detected in younger children (6–11 months old). Development 

of the new rotavirus vaccines and vaccination schedules and the development of vaccines 

against bacteria such as Shigella would help decrease the prevalence of diarrhoeal disease in 

children <5 years of age. 
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DEFINITION OF TERMS 

 

AGE Acute Gastroenteritis  

AF Attributable Fraction 

AMR Antimicrobial Resistance 

CDAD Clostridium difficile-associated diarrhoea 

CHBAH Chris Hani Baragwanath Academic Hospital 

CI Confidence Interval 

Ct Cycle Threshold 

DD Diarrhoeal Diseases 

EAEC Enteroaggregative Escherichia coli 

EIEC Enteroinvasive Escherichia coli 

EPEC Enteropathogenic Escherichia coli 

EPI Expanded Programme on Immunisation 

GEMS Global Enteric Multicentre Study 

HIV Human Immunodeficiency Virus 

HR Hazard Ratio 

HREC Human Research Ethics Committee 

IQR Interquartile range 

LT-ETEC Enterotoxigenic Escherichia. coli producing heat-labile toxin  

MAL-ED Malnutrition and Enteric Disease Study 

M/M Matikwana and Mapulaneng 

MSD Moderate-to-severe diarrhoea 

NICD National Institute for Communicable Diseases 

OR/aOR Odds Ratio/ adjusted Odds Ratio 

PCR Polymerase Chain Reaction 

P-value Calculated probability 

RCCH Red Cross Children’s Hospital 

RTHC Road To Health Card 

RVV Rotavirus Vaccine 

SA South Africa 

SES Social Economic Status 

STEC Shiga-toxigenic Escherichia coli 

https://en.wikipedia.org/wiki/Heat-labile_enterotoxin
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ST-ETEC Enterotoxigenic Escherichia coli  producing heat-stable toxin 
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Chapter 1  

1.1 Background 

The World Health Organization (WHO) defines a case of diarrhoea as the passage of three or 

more loose or liquid stools per day, or more frequently than is normal for the individual (1). It 

is a symptom of infection in the intestinal tract caused by bacteria, viruses or parasitic 

organisms (2). Diarrhoeal diseases remain an important public health problem, not just in 

Africa but worldwide. In 2016  diarrhoea was the fifth leading cause of death amongst children 

≤5 years old (3), with approximately 90% of diarrhoeal deaths occurring in South Asian and 

Sub-Saharan African countries (4). Research conducted in 12 sub-Saharan African countries 

in children under five years of age showed that the prevalence of diarrhoea in Cameroon was 

16% (2011), 16% in Ethiopia (2011), 12% in the United Republic of Tanzania (2010), 15% in 

the Democratic Republic of Congo (DRC; 2013-14), and 12% in Uganda (2011) (5). In 

Senegal, diarrhoeal diseases accounted for 15% of all deaths in children below 60 months and 

were the third leading cause of childhood death (6). South Africa (SA) is also one of the African 

middle-income countries significantly affected by diarrhoeal diseases, accounting for nearly 

19% of deaths of children under the age of 5 years in the country in 2010 (7). The high rate of 

mortality in low-income countries is due to insufficient health resources, poorer access to 

healthcare facilities, and co-morbidities such as Human Immunodeficiency Virus (HIV) and 

undernutrition (8–11).   

Viruses such as rotavirus and norovirus, bacterial pathogens and parasitic organisms can cause 

diarrhoea (3). In a review by Lanata et al., it was found that rotavirus, calicivirus and 

enteropathogenic and enterotoxigenic Escherichia coli (ETEC) were found to cause more than 

half of diarrhoeal cases in children <5 years (12). A large Global Enteric Multicenter Study 

(GEMS) found that rotavirus, Cryptosporidium, enterotoxigenic Escherichia coli producing 

heat-stable toxin (ST-ETEC; with or without co-expression of heat-labile enterotoxin), and 

Shigella were enteric pathogens most associated with moderate-to-severe (MSD) diarrhoea in 

children aged 0-59 months in African and Asian countries (13).  

In patients with dysentery, Shigella was detected in 16,6 % of infants (0–11 months), 66,0% of 

toddlers (12–23 months), and 78,4% of children (24–59 months) (13). A small proportion 

(<5%) of MSD diarrhoea was attributable to adenovirus 40/41 during infancy, and during the 

second year of life (13). According to the GEMS 2012 study, other pathogens that had smaller 

contributions to MSD diarrhoea included norovirus (GII genogroup), sapovirus, 
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Enteroaggregative Escherichia coli  (EAEC), typical Enteropathogenic Escherichia coli  

(EPEC), nontyphoidal Salmonella, and Entamoeba histolytica (13). Giardia was not found to 

be associated with MSD diarrhoea but was, found more frequently in controls than in cases 

aged 12-59 months with the disease (13).  

 

The geographical area of a country or province contributes to the prevalence of diarrhoea-

causing pathogens (14). Pathogens causing diarrhoea often show seasonal trends, 

demonstrating a link between climate and enteric disease (15). In SA, a high number of 

diarrhoeal cases are due to bacterial enteropathogens in the summer months and rotavirus in 

the winter months (16). Water, sanitation and hygiene, and nutrition also play an important role 

in the prevalence of diarrhoea (17). This is especially true for bacterial pathogens, where 

improvements in water and sanitation have led to decreased incidence of bacterial diarrhoea. 

Studies show that even though diarrhoea-related deaths are less common in high-income 

countries, the incidence of rotavirus disease does not differ in high-income and low-income 

countries but is often more severe in the latter (17). This shows that improvements in water and 

sanitation may not impact significantly on rotavirus disease, and the most cost-effective 

approach to the prevention of rotavirus disease is vaccination. 

 

South Africa was the first African country to introduce the oral rotavirus vaccine, Rotarix® 

into the Expanded Programme on Immunisation (EPI) in August 2009 (18). The first dose of 

the vaccine was scheduled at 6 weeks of age and the second at 14 weeks. By the following 

year, 2010, 67% of children <1 year had received a complete 2-dose series of Rotarix®, and 

80% of the same cohort had received at least one dose and the effectiveness of the vaccine 

against rotavirus hospitalisation was found to be 57% (95% CI 40–68) for two doses and 40% 

(95% CI 16–57) for one dose (18,19). During the pre-vaccine era, between 2003 and 2005, it 

was estimated that 1 in every 43-62 children less than 2 years old in South Africa would be 

hospitalised for rotavirus-attributable diarrhoea and since the introduction of the Rotarix®™ 

vaccine, results obtained between 2007 and 2010 show that the numbers of rotavirus diarrhoea 

hospitalisations have substantially decreased (18,20). The reduction in rotavirus diarrhoea 

hospitalisations in South African children <12 months old was 45-50% greater than non-

rotavirus diarrhoea hospitalisations in 2011, after the introduction of the rotavirus vaccine (21). 

 

Rotavirus diarrhoeal infections caused over 200,000 deaths annually, mostly in low-income 

countries even after the introduction of the rotavirus vaccine (22). To lower the burden of MSD 
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diarrhoea, interventions focusing on the aforementioned pathogens would have a significant 

impact (13). 

It is crucial to determine which enteric pathogens are prevalent in the post-rotavirus vaccination 

era. This will guide the future enteric diseases research agenda and allow appropriate allocation 

of resources for preventative measures. The purpose of this study was to assess the aetiology 

of diarrhoea in South African hospitalised children under 5 years of age post rotavirus vaccine 

introduction, from 2015 to 2016. In addition, risk factors associated with rotavirus 

hospitalisation in children who had received at least one dose of the rotavirus vaccine were 

investigated. 

 

1.2 Literature Review 

This section reviews the epidemiology of diarrhoea pre- and post-rotavirus vaccine 

introduction, including the effectiveness of the vaccine and factors that influence diarrhoeal 

infections in children under the age of five years.  

1.2.1 Diarrhoea aetiology  

Diarrhoea can be caused by various infectious agents (bacteria, viruses, and protozoa) whose 

contribution to diarrhoeal morbidity deaths and differs (15). The incubation period, the 

occurrence of symptoms after exposure, and the duration the pathogen is excreted in the stool 

after symptoms subside differs with each enteric pathogen (23). These differences make it 

difficult to accurately identify the cause of the diarrhoea when multiple diarrhoea-causing 

organisms are found in the patient’s stools (24).  

Stool testing techniques used to investigate the aetiology of diarrhoea include microscopy, 

serology, enzyme immunoassays and culture (25,26). Other techniques with wider detection 

abilities have been employed to detect various diarrhoea-causing agents. Novel methods such 

as multiplex polymerase chain reaction (PCR) can detect pathogens that remain unidentified 

by conventional techniques (26). 

  

Real-time PCR has been shown to reduce labour time, reagent costs and the risk of cross-

contamination (26). Another advantage offered by PCR diagnostic methods is the ability to test 

for multiple targets in a single multiplex reaction (26). PCR has also demonstrated high 

sensitivity and specificity with species-specific DNA from stool samples. Compared to an 

enzyme-linked fluorescent assay (VIDAS CDA2; bioMe´rieux) and an enzyme-linked assay 

[Premier Toxins A and B (PTAB); Meridian], using 540 samples, researchers concluded that 
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real-time PCR was the preferred diagnostic method for detecting Clostridium difficile-

associated diarrhoea (CDAD) in stool samples because it had the highest concordance with 

toxinogenic culture (25).  

 

In a review of studies using traditional methods, done by Lanata et al. 2013, it was estimated 

that rotavirus, calicivirus, EPEC and ETEC were the cause of the majority of all diarrhoea 

deaths in children <5 years of age (12). The GEMS found rotavirus, Cryptosporidium, ETEC, 

and Shigella to be responsible for most cases of MSD (using different diagnostic techniques 

for different pathogens) (13). However, a reanalysis of the GEMS study using quantitative 

molecular analysis improved the characterization of the causes of diarrhoea, identifying 

Shigella, rotavirus, adenovirus, enterotoxigenic E. coli, Cryptosporidium and campylobacter 

as the most prominent diarrhoea-causing agents (27). 

 

A study conducted in the Central African Republic (CAR) using commercial enzyme 

immunoassays for viruses, Merthiolate iodine formaldehyde concentration technique for 

parasite diagnosis and conventional methods and/or PCR assays for bacterial pathogens, found 

that when adjusting for the presence of other pathogens, rotavirus, norovirus, astrovirus, 

Shigella/Enteroinvasive Escherichia coli (Shigella/EIEC), Cryptosporidium parvum/hominis, 

were positively associated with diarrhoea (28). 

 

Using conventional, immunological and molecular detection methods in India, Nair et al., 

found that among bacterial pathogens V. cholerae O1 (26%), EAEC (6.3%), Shigella spp 

(6.1%), C. jejuni (4.7%), and ETEC (4.5%) had the highest overall isolation rate (29). Viruses 

that had a high prevalence in children <5 years old were rotavirus (19,6%) followed by human 

adenovirus (5%), astrovirus (2.3%), norovirus (3.1%), and sapovirus (1,6%) (29). Among 

these, Giardia lamblia was most predominant (11,2%), followed by Cryptosporidium sp. 

(6.3%) and E. histolytica (3.3%) (29).  

 

Even though the overall burden of gastroenteritis has decreased since the introduction of 

rotavirus vaccines, the role of other pathogens in diarrhoeal diseases such as norovirus has 

increased in high-income countries such as the United States of America (USA) (30). In some 

African countries and the Americas, rotavirus still contributed the most to diarrhoeal disease 

post-vaccine introduction (31,32). Other diarrhoea causing pathogens in Africa post-vaccine 

introduction include Cryptosporidium and norovirus GII (31).  
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1.2.2 Rotavirus 

Rotavirus is found in stools of infected individuals and it is transmitted by hands, nappies, or 

objects such as toys (33). It spreads easily as very small amounts of stool are sufficient to 

transmit the disease. Rotavirus is easily spread amongst families, nursery schools, and even in 

hospitals (33). 

Rotavirus infections can be asymptomatic or symptomatic, and diarrhoea is the main clinical 

manifestation of the virus (34). Other rotavirus infection symptoms include vomiting, fever, 

and stomach pain due to inflammation in the intestines. Clinical symptoms may occur 1 to 3 

days after infection and may last 3 to 8 days (34). 

Diarrhoea, especially in infants and children, often leads to dehydration (35). Therefore, 

diarrhoea can be treated through replacement of lost body fluids with oral rehydration solution, 

or intravenously in severe cases (35).  

1.2.3 Rotavirus burden prior to vaccine introduction 

 

 

Figure 1.1 Rates of deaths attributed to rotavirus diarrhoea in children <5 years by country, in 

2013. Image from Tate et al (22)  

Rotavirus has been found to be a leading cause of diarrhoea among children from both high 

and low-income countries (9). Prior to vaccine introduction, rotavirus was associated with 

approximately 40% of diarrhoea deaths in children <5 years old, worldwide (22). In 2008, prior 



6 
 

to the widespread use of the rotavirus vaccine, rotavirus infections were estimated to account 

for over 453 000 deaths in children, globally, most deaths occurring in economically 

disadvantaged countries (9). In 2013, post-rotavirus vaccine introduction, rotavirus diarrhoea 

still occurred mostly in low-income countries in Africa and Asia even after the introduction of 

the vaccine in some of these countries, as shown figure 1.1 above (22).  

 

In hospitalised American children younger than three years old, the proportion of rotavirus was 

estimated to be greater than 49%, prior to the introduction of the rotavirus vaccine (36). Post-

vaccination era, rotavirus was detected in less than 25% of children hospitalisations (36). In 

South Africa prior to rotavirus vaccine introduction, rotavirus diarrhoea was responsible for 

one in every 43–62 severe diarrhoea cases in children 0 to 24 months (18). In 2010 and 2011, 

after the introduction of the vaccination, there was a decrease of 54% and 57%, respectively, 

in rotavirus diarrhoea hospitalisations in South African children under five years old. It was 

also estimated that approximately 20% of children <5 years old hospitalised with diarrhoea 

were infected with rotavirus (20). In a Tanzanian hospital, it was recorded that pre-vaccine 

(2009-2013) introduction, rotavirus positivity rate among infants was 41% but had decreased 

to 14% post-vaccine (2014-2015) introduction (37). In Madagascar, prior to rotavirus vaccine 

introduction, diarrhoea accounted for a median of 26% in hospitalisations of children younger 

than five years, however, during the post-vaccine era, diarrhoea was responsible for 16% of 

hospitalisations (38).  

 

1.2.4 Rotavirus Vaccine  

Two oral rotavirus vaccines are available globally, Rotarix® developed by GlaxoSmithKline 

(GSK) and RotaTeq® by Merck (39). The live-attenuated rotavirus vaccine, Rotarix®, is a 

P1A[8]G1 strain and therefore represents the most common human rotavirus antigens – VP7 

and VP4 (40). The vaccine has shown to provide 85 – 95% protection against MSD caused by 

G1 and non-G1 rotavirus serotypes (G3, G4, and G9) in some trial settings (41,42). RotaTeq®, 

a pentavalent human-bovine (WC3), contains five live reassortant rotaviruses (40). The VP7 

human rotavirus protein is expressed by G1, G2, G3 or G4 reassortant viruses, and the 

attachment protein P7[5] represents the bovine rotavirus parent strain WC3 (40). The fifth 

reassortant virus in Rotateq expresses the attachment protein P1A[8] from the human rotavirus 

parent strain and the outer capsid protein G6 from the bovine rotavirus parent strain (40). 
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Both vaccines have shown comparable protective efficacy (39). However, the efficacy of the 

vaccines in preventing rotavirus disease among children has been shown to be higher in high-

income countries from Europe, Asia, and America (72-100%) (39). Lower efficacy rates were 

observed in low-income countries of Africa and Asia (49-72%) (39).  

 

In South Africa, Rotarix® (an oral, live-attenuated vaccine) was introduced into the South 

African Expanded Program on Immunization in August 2009 administered at 6 weeks and 14 

weeks of age (43). In the years 2010 and 2011, after the introduction of the vaccine, at least 13 

000 to 20 000 hospitalisations in children <2 years old were prevented (43). The vaccine was 

shown to be 54% effective against hospitalisation for rotavirus in children less than a year old,  

and 61% effective in children between one and two years old (19). Factors that may cause the 

lower effectiveness of the vaccine in low-income countries include interference from placental 

or breast milk antibodies, comorbidities such as HIV, undernutrition, host genetic factors, or a 

high prevalence of enteric coinfections, although more research is required (44).  

Rotavirus vaccines do not prevent all forms of diarrhoea in children, but they do aim at 

preventing children from developing severe dehydrating rotavirus-associated diarrhoea that 

requires hospitalisation, and thus lower childhood mortality (45).  

 

1.2.5 Rotavirus Strains 

To better understand the effectiveness of the rotavirus vaccine in Africa, it is also important to 

understand the distribution and diversity of rotavirus strains pre- and post-vaccine introduction 

(46). Rotavirus is a member of the Reoviridae family and is a medium-sized (70-100 nm) non-

enveloped virus (47). The virus is divided into seven groups (A-G) (48). The most prevalent 

group since the discovery of the virus has been group A, while group B and C have not been 

found epidemiologically important in many countries other than China (49). Rotavirus group 

A has also been found to be the leading cause of severe dehydrating gastroenteritis in children 

younger than 5 years, and may sometimes lead to fatal diarrhoea (50,51). 

 

Africa has a high genetic diversity of rotavirus strains and there have been reports of untyped 

strains found on the continent (46,52). A study showed that the most predominant rotavirus 

strain in the Eastern and Southern regions of Africa from 2010 to 2015 was G1P[8] (23.8%) 

(53). In Northern America, Europe, and Australia the G1P[8], G2P[4], G3P[8], G4P[8] and 

G9P[8] represent >90% genotypes circulating (54,55). It is possible that other strains of the 
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virus (and other enteropathogens) are responsible for the re-infections in children, hence further 

investigation is needed. Figure 1.2 below shows commonly circulating strains of rotavirus in 

six African countries post-vaccine introduction. 

 

Figure 1.2 Temporal appearance of circulating strains before and after vaccine introduction in 

six African countries (Rwanda, Tanzania, Ethiopia, Zambia, Madagascar and Zimbabwe) 

(53) 

 

1.2.6 Co-infection 

Studies have found that detection of the rotavirus often occurs with other enteric pathogens, 

including other viruses, bacteria, and protozoa that are associated with diarrhoeal diseases 

(56,57). Enteropathogen co-infections have been shown to be more common in African and 

Asian countries (13,15). One study showed that the severity of a diarrhoeal case increases when 

there is a rotavirus-E. coli co-infection but other studies have not demonstrated this synergy 

(56,58). In a study conducted by Bhavnani and colleagues, co-infections with rotavirus and 

Giardia were found in all age categories (59). The study also found interactions between 

rotavirus and E. coli. The coinfections led to a greater chance of developing diarrhoea than 

would be expected in single pathogen infections (59). Co-infections pose difficulties in the 

detection of the cause of diarrhoea in a patient and impede progress in overcoming the high 

burden of the disease (24). 
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In a comparison between rotavirus diarrhoea cases and non-diarrhoea controls, Breurec et al. 

found that mixed bacterial and viral infections were found in 10% of cases, and viruses were 

the most prevalent pathogenic agents causing diarrhoea, identified in 55% of cases (28). A 

study conducted in Niger found mixed infections associated with rotavirus or any other 

pathogen in 10.3% of young children (60). In SA, multiple infections, with the detection of 

rotavirus and at least one other enteropathogen (39%) were found in 80% of children less than 

12 months old (61). 

HIV infection has also been identified as a comorbidity of diarrhoea (62). A cohort study 

showed that rotavirus infections had a higher incidence in HIV-positive children compared to 

children who were HIV negative, even though the infections did not more commonly lead to 

diarrhoea (63). Studies demonstrate that the overall prevalence/burden of rotavirus disease in 

HIV-positive children may be greater than in HIV-negative children (64). HIV-exposed-

uninfected children were shown to have a higher risk of morbidity and mortality from 

diarrhoeal disease, but there are limited data on rotavirus-specific diarrhoea in these children 

(65,66).  

No standard methodology has been developed to identify the true cause of an episode of 

diarrhoea when more than one pathogen is identified in the stool and, therefore, diarrhoea 

cannot be directly attributed to a particular pathogen isolated from a specimen (12,60). 

However, the characterization of circulating agents still provides important information for the 

prevention and control of these infections (60). Detection of rotavirus in stool samples, without 

testing for other enteric pathogens, may result in attribution of the diarrhoeal episode solely to 

rotavirus. Thus, co-detection of other enteric pathogens is important when considering 

“rotavirus vaccine failures”. 

1.2.6 Diarrhoeal Risk Factors 

Although deaths in under-5s due to diarrhoea have decreased over the last twenty years, the 

reductions have been unsatisfactory in most low-income countries (17). Understanding the 

determinants of diarrhoea for targeted planning and implementation of prevention strategies is 

then of paramount importance as it will aid in decreasing the burden of global disease. 
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1.2.6.1 Doses of Rotavirus Vaccine  

The immune response to the rotavirus vaccine and its efficacy is dose-dependent (67). Thus, 

decreasing or increasing the number of doses of the vaccine may affect the immunogenicity 

and efficacy of the vaccine (67).  

A study conducted in SA and Malawi showed that three-dose rotavirus vaccine at six, ten, and 

14 weeks of age could be more effective than the two-dose option administered at ten and 

fourteen weeks of age (68). A Ghanaian study comparing two and three doses of rotavirus 

vaccine showed that three doses of the vaccine led to improved antirotavirus immunoglobin A 

(IgA) seroconversion frequencies and geometric mean concentrations (GMCs) compared to 

two doses (69). However, a similar study conducted in Pakistan showed no significant 

difference in IgA seroconversion and GMCs in children who received either two or three doses 

of rotavirus vaccine (70). Further investigation of the effect of the number of doses and 

schedules of administering the human rotavirus vaccine are still needed.  

1.2.6.2 Age 

Enteropathogenic infection begins soon after birth and the detection of enteropathogens varies 

by age (13,15). Both the number of new cases of diarrhoea and the number of enteric pathogens 

detected per stool increased significantly during the first year of life in the Malnutrition and 

Enteric Disease (MAL-ED) study (15). A number of diverse enteropathogens were detected 

from diarrhoeal stools, with 22 pathogens in the first year of life and 25 in the second year of 

life (15). In the GEMS study, generally, two pathogens per age stratum were noted whose 

incidence markedly exceeded the others: rotavirus and Cryptosporidium in infants (0-11 

months); rotavirus and Shigella in toddlers (12-23 months); and Shigella and rotavirus in older 

children (24-59 months) (13).  

Global epidemiological studies show that all children are infected with rotavirus before the age 

of 3 years (17). In SA, prior to vaccine introduction, a burden of disease study indicated that 

90% of children younger than the age of 2 years hospitalised or visiting the outpatient 

department were infected with rotavirus (20). The highest prevalence of rotavirus diarrhoea in 

SA occurred among children aged 3-17 months old whereas in European countries the highest 

incidence was found in children 6-23 months (20,71,72).  

In the GEMS study, it was found that rotavirus had the highest attributable fraction (AF) during 

infancy but it diminished with increasing age (13). Cryptosporidium had the second-highest 

attributable fraction during infancy which persisted in importance in children who were 2 years 
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old (14). Unlike rotavirus, the adjusted AF of Shigella increased with increasing age (13). In 

the 2013 GEMS study, pathogens associated with increased risk of mortality were ST-ETEC 

(hazard ratio [HR] 1·9; 0·99–3·5) and typical enteropathogenic E. coli (HR 2·6; 1·6–4·1) in 

infants, and Cryptosporidium (HR 2·3; 1·3–4·3) in toddlers (13). Across all sites in the MAL-

ED study, norovirus GII, rotavirus, Campylobacter spp, astrovirus, and Cryptosporidium spp 

were responsible for most diarrhoea cases in children one years old and less, and 

Campylobacter spp, norovirus GII, rotavirus, astrovirus, and Shigella spp were most highly 

detected in children who were in their second year of life (15). 

1.2.6.3 Hygiene and Sanitation 

In sub-Saharan Africa, reduction in diarrhoeal mortality has been “unsatisfactory”, as Das et al 

have described even with the introduction of RVV (6,17). A possible explanation for the 

unsatisfactory decline in the sub-continent in diarrhoeal morbidity is that risk factors associated 

with insufficient water, sanitation and hygiene (WASH), insufficient promotion of 

breastfeeding, and under-nutrition remain very high (73,74). As the “urban health penalty” 

hypothesis suggests, these risk factors are more prevalent in poor urban areas and other 

underprivileged settings (rural areas), and together with the global uneven distribution of 

healthcare, make children living in these conditions more prone to pathogen infections and 

consequently, diarrhoeal diseases (6,75). Results from the GEMS study showed that poor water 

sanitation occurred mostly amongst diarrhoeal patients compared to non-diarrhoea controls 

who were of a higher wealth quantile and had access to clean water (13).  

1.2.6.4 Seasonality 

The WHO estimates that because of climate changes, we can also expect changes in diarrhoeal 

disease incidence and, therefore, it is important to understand climate variability as a risk factor 

for diarrhoeal diseases (76). The relationship between climatic patterns and diarrhoea can be 

expected to change with different causal agents such as rotavirus, norovirus, Giardia, 

Cryptosporidium and pathogenic Escherichia coli, Campylobacter and Salmonella (77). 

Evidence from several studies has shown that there is a link between the peak season of 

diarrhoea and climatic factors, especially rainy seasons and high temperatures in developing 

countries (78–82). In Zimbabwe, prior to rotavirus vaccine introduction, yearly seasonal peaks 

occurred during winter months, May and June but since the introduction, seasonal peaks have 

shifted toward September and October and “were substantially blunted” (83). Evidence from 
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the Americas shows the effectiveness of the vaccine is lower in children less than a year born 

during the rotavirus season than those born outside the rotavirus peak months (84). 

A study done in Cape Town showed that there was a link between an increase in minimum and 

maximum temperature, and the incidence rate of diarrhoea in <5 years of age (85). In SA, pre-

vaccination era, the onset of rotavirus season was in April, but after the vaccine was introduced 

the onset period has been delayed and is observed in May (18). It has also been observed that 

the rotavirus peaks in the colder months are more pronounced but of shorter duration in the 

post-vaccination period than in the pre-vaccination period (18). 

1.2.6.5 Socioeconomic Status 

Thiam and colleagues identified a number of factors associated with diarrhoea in children under 

the age of 5 years in the cross-sectional study they conducted in Mbour, Senegal, in 2017 (6). 

The mother’s occupation was associated with diarrhoea - being a housewife was associated 

with higher diarrhoea risk for the children than working in the public or private sector (6). 

Higher socioeconomic status is associated with better access to household amenities and 

healthcare access which can reduce the risk and sequelae of diarrhoea (6,86). However, as Root 

suggested, there exist other diarrhoeal factors that even wealthy parents have no control over, 

such as a contaminated environment, lack of water, or crèche/school surroundings (86). Thus, 

even children from wealthier backgrounds are still at risk of diarrhoeal infections. 

Diarrhoeal epidemics have been linked to overcrowding in rapidly developing cities in African 

countries (87). A number of cross-sectional studies have observed that households with more 

than one child <5 years old were associated with a higher prevalence of diarrhoea (6,88–90). 

This suggests that a larger gap between births and exclusive breastfeeding in the first 2 years 

of life might have a possible impact on diarrhoea prevention as children are allowed to 

breastfeed for longer periods (6). 

1.2.6.6 Nutrition 

Nutrition and diarrhoea are interlinked, and thus the importance of improving childhood 

nutrition to reduce diarrhoea mortality, cannot be overlooked (17). Nutritional risk factors 

include not exclusively breastfeeding infants younger than 6 months, inappropriate 

complementary feeding until 2 years of age and vitamin A and zinc deficiency (91).  

Lack of breastfeeding is associated with an increase in diarrhoea incidence in infants aged 0-

11 months old (92). Lack of breastfeeding is also associated with an increase in diarrhoea-
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related mortality among infants aged 0-11 months compared to those who were exclusively 

breastfed (92). It is recommended to commence breastfeeding an hour after birth, to exclusively 

breastfeed infants until 6 months of age, and to continue breastfeeding until at least 2 years of 

age (93). Improved rate of breastfeeding is associated with reduced diarrhoea morbidity and 

mortality (17,91). 

Das and colleagues found an inverse relationship between acute malnutrition and being 

underweight with childhood rotavirus infection among children <5 years old in Dhaka after 

controlling for a different climate, socio-demographic and sanitation practices (94). 

Malnutrition is a suspected risk factor for Salmonella infection, however, a temporal 

disconnection between the Salmonella peak season and the annual malnutrition peak was found 

in Niger (60,95). 

Contaminated weaning foods also play a crucial role in childhood diarrhoea, especially in low-

income countries (96). Enteropathogens transmitted through food, have found to cause up to 

70% of diarrhoeal episodes, therefore, it is important that the strategies for preventing diarrhoea 

in children associated with malnutrition are not only limited to the promotion of breastfeeding 

or improving water supply and sanitation (97). Educating food handlers, particularly mothers 

and helpers, will have a significant impact since they play a crucial role in the children’s diet 

(96,97).  

1.2.6.7 Drug resistance 

Many studies conducted in Africa have shown that there has been an emergence of multidrug-

resistant organisms over the years, especially with resistance to cotrimoxazole, amoxicillin, 

and chloramphenicol (98–100). Other drugs to which diarrhoea-causing pathogens have been 

reported to be resistant include fluoroquinolones and extended-spectrum cephalosporin (ESCS) 

(101–103). Shigella spp. has also been reported to show resistance against amoxicillin;  

Shigella sonnei was most sensitive to the drug (55, 99, 100). In Africa, there is a low prevalence 

of resistance to ESCs and fluoroquinolones as opposed to the prevalence of resistance found in 

Asia (55, 100, 101). Even though 90% of EPEC isolates and more than 50% of all 

Enterobacteriaceae were found to be sensitive to other antibiotics tested, they were found to be 

resistant to amoxicillin and cotrimoxazole in Niger, Africa (60). It is, therefore, important to 

determine whether potentially drug-resistant enteric pathogens such as Shigella are prevalent 

in children hospitalised with diarrhoea in South Africa. 
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Additional risk factors that play a role in diarrhoeal infections in African children <5 years old 

are shown in Table 1 below. 

Table 1.1 Potential risk factors associated with diarrhoea disease in African children below the 

age of five years. The table was adapted from Mutama et al. (107) 

Potential Risk Factors Pearson chi-square df p-value 

Behavioural risk factors    

Hand washing 6.214 1 0.013 

Bottle feeding 10.078 4 0.039 

Latrine utilization 13.351 3 0.004 

Breastfeeding child 0.823 1 0.364 

Length of breastfeeding 0.223 1 0.637 

Disposal of infant faeces 5.257 1 0.022 

Method of water storage 16.213 1 0.000 

Socio-demographic risk factors    

Level of Education 20.694 15 0.147 

Religion of caretaker/mother 37.897 10 0.000 

Age of mother/caregiver 2.111 3 0.550 

Age of the child 17.896 5 0.003 

Number of children <5 0.416 1 0.519 

Gender of child 4.608 1 0.032 

 

1.3 Problem Statement 

Diarrhoeal diseases remain a major public health problem globally and in SA (108). Paediatric 

diarrhoea can affect physical and cognitive development that may lead to costly impairment of 

human potential and productivity (14). Investigation and understanding of current aetiology 

and trends of diarrhoeal diseases will help in identifying potential interventions to decrease the 

prevalence of diarrhoeal disease in SA.  

The introduction of rotavirus vaccines has led to substantial reductions in diarrhoeal morbidity 

and mortality, yet sub-optimal vaccine coverage and lower efficacy of the vaccines in low-

income compared to high-income countries are reasons for concern. It is thus important to 

monitor the contribution of rotavirus to diarrhoeal hospitalisations after vaccine introduction 

and to understand the role that other enteric pathogens such as norovirus, caliciviruses, 

sapovirus, bacterial pathogens and parasites play at the population level as they are significant 

contributors to acute childhood diarrhoea (109,110). 

This information will be vital in determining the enteric disease research agenda and where 

funding is best spent. If rotavirus remains an important cause of diarrhoea post-vaccination, 
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the development of new RVV and novel vaccine schedules will need to be pursued. If other 

enteric pathogens are found to have become more prevalent post rotavirus introduction, then 

vaccines against these pathogens should be prioritised.  

 

Risk factors that predispose vaccinated children to rotavirus infections, the so-called “vaccine 

failures”, are unclear and need further investigation. Age and seasonality might play a role in 

predisposing vaccinated children to rotavirus infections. Evidence suggests that the 

effectiveness of the vaccine may be lower in children less than a year born during the rotavirus 

season than those born outside the rotavirus peak months (84). The use of novel quantitative 

molecular techniques allows for better detection of enteric pathogens and can assist in 

understanding the role of enteric co-infections (111,112). 

 

1.4 Justification 

Many other pathogens besides rotavirus have been implicated as causes of diarrhoeal-induced 

deaths, yet there has not been enough research to determine the importance of all common 

pathogens in South Africa, especially after the introduction of rotavirus vaccine (9,12,113). 

This study is important in that it aims to identify prominent pathogens that cause acute 

childhood diarrhoea post-rotavirus vaccine introduction. Understanding the aetiology of 

childhood diarrhoea is necessary to direct diarrhoea treatment and prevention efforts (114). 

Identifying pathogens responsible for diarrhoea post rotavirus vaccine introduction will 

provide a platform for putting in place mitigation measures that will reduce the morbidity and 

mortality rates attributed to acute diarrhoea. 

Understanding some of the reasons for the detection of rotavirus in children who have received 

rotavirus vaccination, will guide efforts in improving the impact of the rotavirus vaccine.  

1.5 Question 

How has the introduction of the oral rotavirus vaccine influenced the aetiology of acute 

diarrhoea in hospitalised children <5 years in South Africa? 

1.6 Aim 

To investigate the aetiology of acute diarrhoea and possible risk factors associated with 

rotavirus diarrhoea post-rotavirus vaccine introduction in hospitalised children <5 years old. 
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1.7 Objectives 

Objective 1 

To describe the aetiology of acute diarrhoeal hospitalisations in South Africa from 2015 to 

2016, after the introduction of routine rotavirus vaccination, among children <5 years of age. 

Objective 2 

To describe enteric co-infections among children <5 years of age hospitalised with acute 

diarrhoea in South Africa from 2015 to 2016. 

Objective 3 

To investigate factors associated with rotavirus-positivity on stool testing among South African 

children <5 years of age who received rotavirus vaccination. 
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Chapter 2 – Methodology 

2.1 Primary Study 

The National Institute of Communicable Diseases (NICD) (Wits HREC approval M091018) 

established a prospective Rotavirus Sentinel Surveillance Programme in April 2009 at three 

sentinel sites in two provinces in South Africa. The sentinel sites included Chris Hani 

Baragwanath Academic Hospital (CHBAH), Soweto, Gauteng; Dr George Mukhari Academic 

Hospital (DGMAH), Ga-Rankuwa, Gauteng; and Matikwana and Mapulaneng (M/M) 

Hospitals, Bushbuckridge, Mpumalanga. Additional sites were added during the course of the 

surveillance programme: Edendale Hospital, Pietermaritzburg, KwaZulu Natal; Red Cross War 

Memorial Children’s Hospital, Cape Town, Western Province; Kimberley Hospital, Northern 

Cape; Polokwane Hospital, Limpopo; Pelonomi Hospital, Bloemfontein, Free State; Dora 

Nginza Hospital, Port Elizabeth, Eastern Cape; and Klerksdorp Hospital, North West.  

 

Children <5 years of age hospitalised for acute diarrhoea were screened for enrolment during 

normal working hours from Monday to Friday. An acute diarrhoeal episode was defined as ≥3 

loose stools in a 24-hour period, with <7 days duration. Written informed consent was obtained 

from the parent or guardian for the child’s participation. Demographic, socioeconomic and 

clinical information was collected by means of a questionnaire administered to the 

parent/guardian of the child. The child’s vaccination card and medical records were also 

assessed, and vaccination status, clinical assessment, treatment and outcome recorded on a case 

report form. Standard of care of children admitted with acute diarrhoea generally included 

rehydration, either orally or intravenously, correction of electrolyte abnormalities and early 

feeding. Stool samples were not routinely collected from children hospitalised with acute 

diarrhoea. 

As part of the surveillance programme, a stool sample was collected within 48 hours of hospital 

admission. Testing of stool samples for rotavirus was performed at the NICD in Johannesburg 

and the Medical Research Council/Diarrhoeal Pathogens Research Unit, University of 

Limpopo using the Prospect Rotavirus ELISA (Oxoid, Basingstoke, UK). Quantitative 

molecular testing was retrospectively performed at the NICD on selected stool samples from 

2015 and all available stool samples from 2016 using the Taqman Array Card (TAC) (112). 

The TAC is custom-designed and compartmentalises probe-based quantitative PCR assays for 

multiple enteropathogens (112).  
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2.2 Current study design and participants 

This was a secondary data analysis using data from children <5 years of age, enrolled in the 

Rotavirus Sentinel Surveillance Programme during 2015 and 2016 who had a stool sample 

tested by quantitative molecular methods. A cross-sectional study design was used to assess 

pathogens detected in the stool, including co-infections, and risk factors associated with 

rotavirus positivity at the time of hospitalisation. Oral rotavirus vaccination was part of the EPI 

since August 2009, and all children enrolled during 2015 and 2016 would have been eligible 

to have received two doses of Rotarix® at 6 and 14 weeks of age.  

2.3 Sample Size 

A sample size calculation was not performed as the size of the study population had already 

been determined, based on the availability of sample test results. A total of 793 participants 

had a molecular stool result available and were included in the analysis. 

 

2.4 Detection of enteric pathogens using Taqman Array Card (TAC) 

2.4.1 TAC design 

The Houpt Laboratory at the University of Virginia developed a custom enteric TAC, 

containing 384 wells, that detects multiple targets in eight samples on one card (Appendix C). 

The enteric TAC targets included viruses, bacteria, fungi, protozoa, and helminths. MS2 and 

phocine herpes virus (PhHV) were added to the stool samples during nucleic acid extraction as 

extrinsic controls to monitor extraction and amplification. A universal bacterial 16S assay was 

also included on the card to be used for normalization of pathogen burden to total bacteria load. 

Full details of the testing are not provided in this research report as testing had already been 

conducted prior to this secondary data analysis.  

Testing was conducted by Prof Nicola Page and her staff at the NICD, according to Standard 

Operating Procedures provided by the University of Virginia Houpt Laboratory. A modified 

TAC card was used and baseline adjustments and interpretation of the raw results were done 

by Prof Page. The final results of the TAC testing were provided in Microsoft Excel format, 

including study number and cycle threshold (Ct) values for each of the targets.  

 

2.4.2 Pathogen Detection 

Detection of a pathogen: targets with Ct values ≤35 were considered positive, and Ct values > 

35 were considered negative. This definition was used for all targets and pathogens listed in 
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Table 2.1. The use of this generalised Ct cut-off may lead to positive detection of a pathogen 

which is not necessarily causing diarrhoea in the child.  

 

Table 2.1 TAC targets that were used to define the enteric pathogens 

Pathogen Target Reference 

Viruses   

Adenovirus Hexona (115)  

Astrovirus Capsid (115) 

Enterovirus 5’UTR (115) 

Norovirus GI ORF1-ORF2 (115) 

Norovirus GII ORF1-ORF2 (115) 

Rotavirus NSP3 (115) 

Rotavirus strain P[4], P[6], P[8], 

P[9], P[10], P[11]; G1, G2, G3, 

G4, G8, G9, G10, G12 

Unpublished  

Sapovirus RdRp (115) 

Bacteria   

Aeromonas Aerolysin (115) 

Bacteroides fragilis EGBF (115) 

Campylobacter spp 

Campylobacter jejuni/coli 

Cpn60 

hipO/GlyA 

(115) 

(115) 

Clostridium difficile tcdB (115) 

Enteroaggregative E. coli 

(EAEC) 

aaiC, aatA (115) 

Atypical Enteropathogenic E. 

coli (EPEC) 

eae without bfpA, stx1, or 

stx2 

(115) 

Typical Enteropathogenic E. coli 

(EPEC) 

bfpA with or without eae (115) 

Enterotoxigenic E. coli (ETEC) 

ST-ETEC 

 

LT-ETEC 

STh, STp or LT 

STh or STp, with or without 

LT, LT only 

(115) 

 

 

(115) 
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Shiga-toxigenic E. coli (STEC) eae without bfpa and with 

stx1 or stx2  

(115) 

Helicobacter pylori UreC (115) 

Mycobacterium tuberculosis IS6110 (115) 

Shigella/enteroinvasive E. coli 

(EIEC) 

ipaHb (115) 

Salmonella ttr (115) 

Vibrio cholerae hlyA (115) 

Parasites   

Enterocytozoon bieneusi ITS (115) 

Encephalitozoon intestinalis SSU rRNA (115) 

Cryptosporidium spp 

C. hominis 

C. parvum 

18S rRNA 

LIB13 

LIB13 

 

(115) 

(115) 

(115) 

Cyclospora belli 18S rRNA (115) 

Entamoeba histolytica 18S rRNA (115) 

Giardia 

Giardia A/B 

18S rRNA  

TPI 

(115) 

Isospora 18S rRNA (115) 

Ancylostoma duodenale ITS2 (115) 

Ascaris lumbricoides ITS1 (115) 

Necator americanus ITS2 (115) 

Strongyloides stercoralis Dispersed repetitive sequence (115) 

Trichuris 18S rRNA (115) 

a The assay detected all adenovirus serotypes. 

b The ipaH gene was targeted for detection of both Shigella and EIEC. 

The current study only consisted of diarrhoeal cases and there was no enrolment of a healthy 

control group during the surveillance period. Therefore, it was not possible to compare the 
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prevalence of pathogens detected in cases and controls. If a pathogen causes diarrhoea, it would 

be more prevalent in cases than controls, whereas pathogens that do not cause diarrhoea are 

more likely to be found in both diarrhoea cases and non-diarrhoea controls. Specific enteric 

pathogen Ct cut-offs have been established from previous studies that enrolled both diarrhoea 

cases and healthy controls. These cut-offs were used in this analysis to help distinguish between 

diarrhoea-associated and non-diarrhoea-associated pathogens, in the absence of controls. To 

detect the prevalence of diarrhoeal cases due to a specific enteric pathogen the Ct cut-offs from 

the Global Enteric Multicentre (GEMS) (13) study were preferentially used as this study 

assessed moderate to severe diarrhoea and was a better representation of the current study. The 

Ct cut-offs from the Malnutrition and Enteric Disease (MAL-ED) (15) study were used in the 

absence of specific cut-offs from the GEMS study. This study assessed community diarrhoea 

and was less representative of the current analysis. 

 

Pathogen-associated diarrhoea was described as enteric pathogen detection at strict Ct cut-offs 

and pathogen non-associated diarrhoea was described as no detection of enteric pathogens at 

specific Ct cut-off, only at Ct cut-off of 35. Unfortunately, these specific cut-offs were not 

available for all pathogens tested for in my study. Specific Ct cut-offs from either the GEMS 

or MAL-ED studies were available for adenovirus, astrovirus, norovirus GII, rotavirus, 

sapovirus, Cryptosporidium, C. jejuni/coli, H. pylori, tEPEC, ST-ETEC (STh only), 

Salmonella, and Shigella/EIEC. The Ct cut-off values from the GEMS and MAL-ED studies 

are listed in Table 2.2 below. 

 

Table 2.2 Specific Ct cut-off values for enteropathogens extrapolated from the GEMS 

and MAL-ED studies 

Pathogen GEMS MAL-ED 

Viruses   

Adenovirus 40/41 22.7 24.1 

Astrovirus 22.2 23.7 

Norovirus GII 23.4 27.2 

Rotavirus 32.6 31.7 

Sapovirus N/A 26.1 

Bacteria   

Cryptosporidium 24.0 22.0 

C. jejuni/coli 15.4 21.8 

Helicobacter pylori 30.8 N/A 

Typical EPEC (bfpa) 16.0 17.8 

ST-ETEC (STh) 22.8 23.5 

Salmonella 30.7 N/A 
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Shigella/EIEC  27.9 28.8 
 

2.4.3 Co-detection of selected pathogens 

Using the specific Ct cut-offs derived from the GEMS and MAL-ED studies, co-infections and 

single-infections were described for those enteric pathogens with specific Ct cut-offs. The most 

common rotavirus co-infections were also assessed using the specific Ct cut-offs.   

Co-detection: more than one pathogen detected using pathogen-specific cycle threshold (Ct) 

cut-offs. 

For the purposes of analysing mono infections vs co-infections, a variable “co-infection” 

variable was created where mono-infections were coded “0” and detection of more than one 

pathogen in a stool was coded “1”. The co-infection variable was created for only those 

pathogens that had specific Ct cut-off values (Objective 2). 

2.5 Statistical considerations 

All data cleaning and statistical analyses (descriptive, univariable and multivariable) were 

conducted in STATA version 15.1 (StataCorp, Texas, USA) and figures were generated using 

Microsoft EXCEL.  

2.5.1 Data management and processing 

The original data was received in Microsoft excel database format and converted to STATA.  

The data management process included merging and appending the dataset files received from 

gatekeepers into one master file, labelling of the variables and generating new categorical 

variables from existing variables, using STATA. Six observations with missing values for the 

variable “age” were dropped and excluded from the analysis (Figure 2.1).   

Participants who were above 59 months were also excluded from the analyses. Age was 

originally a continuous variable from which four categories were created, in keeping with the 

literature: <6 months, 6-11 months, 12-23 months, and 24-59 months. The sex variable 

consisted of male and female participants, coded “0” for male participants and “1” for females.  

Participants were also categorised into those who have: “in-house flushing toilets” or “other” 

types of toilets, and “running water” or “other” sources of water. The education level of the 

mother was categorised as “no schooling”, “primary” and “high school/tertiary”.  

Two new variables for seasons were generated: season of birth of the participants and the 

season they were admitted into the hospital. Seasons were defined as summer (December, 
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January, February), autumn (March, April, May), winter (June, July, August), and spring 

(September, October, November). Seasons were also categorised into dry (April, May, June, 

July, August, September) and wet (October, November, December, January, February, March) 

seasons (116). The number of people with whom each participant shared a room with was 

categorised as less than five roommates or five or more roommates. 

Children who had received at least one dose of the rotavirus vaccine were coded as “1” and 

those who had not received any vaccine doses as “0”. Participants were also categorised 

according to the number of doses they had received: no dose, one dose or two doses.  

Other variables included race (black vs. other races), surveillance site, method of feeding in the 

first four months of life (breastfeeding, formula feeding or both), method of feeding beyond 

four months, use of antibiotics prior to hospitalisation (yes or no), previous hospital admission 

(yes or no), pre-existing chronic illnesses (asthma, heart problems, kidney problems or cerebral 

palsy), refusal to feed, fever, vomiting, malnutrition (physician-diagnosed), nursery school 

attendance (yes or no). The original case report forms are provided in Appendix D. 
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Figure 2.1 Flowchart showing the selection of participants at different stages of the analysis 

Objective 1 

The focus of objective 1 was to describe the spectrum/aetiology of enteric pathogens among 

children <5 years hospitalized for acute diarrhoea. For this objective, a descriptive analysis was 

done, including a description of the study population. 

Prevalence of pathogens in the total study population was described using the detection Ct cut-

off value of ≤35. The prevalence of all pathogens was described by age group, site, and season 

631 available 
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of admission. The frequency of P and G genotypes and strains of rotavirus was assessed among 

those participants who tested positive for rotavirus. The prevalence of selected enteric 

pathogens was compared using Ct≤35 and specific Ct cut-offs and a proportions test was used 

to compare the prevalence of the pathogens at different Ct cut-offs. 

Objective 2 

The focus of objective 2 was to describe the prevalence of co-infections (more than one 

pathogen detected using pathogen-specific Ct cut-offs).  

 

For selected pathogens, prevalence using the detection Ct value of ≤35 was compared to the 

prevalence of the enteric pathogens using specific diarrhoea-associated Ct cut-offs. The 

proportions significance test was used to assess if the proportions differed when using different 

Ct cut-offs. Comparison of mono-infection/ no co-infection (detection of only one pathogen) 

and co-infections (detection of more than one enteric pathogen) of those pathogens with 

specific Ct cut-offs was done. 

 

Bivariate analysis of pathogens and medical history of the participants and presenting 

symptoms on admission between 2015 and 2016 was conducted.  Medical history included the 

use of antibiotics prior to hospitalisation, whether the patient had been hospitalised previously, 

history of diarrhoea illnesses, pre-existing chronic medical conditions and malnutrition. The 

number of deaths caused by each enteric pathogen was also described. The symptoms that were 

considered in the analysis included bloody stools, vomiting, and refusal to feed, fever and 

dehydration. The type method of feeding (breast milk or formula) during the first four months 

and beyond four months were also analysed. HIV status and birth weight were not analysed as 

they were not adequately recorded in the dataset and had too many missing variables.   

Objective 3 

The focus of objective 3 was to analyse the different factors that might influence rotavirus 

diarrhoea among children who had received at least one dose of the vaccine. Children who had 

tested positive and negative for rotavirus infection, despite having been vaccinated, were 

compared. For this analysis, a Ct cut-off value of ≤35 for rotavirus detection was used as there 

was not much difference in the prevalence of the rotavirus between the use of Ct of ≤35 (22,1%) 

and the pathogen-specific cut-off of 32.3 (20,7%).  Logistic regression was used for objective 

3 as the outcome variable (rotavirus positive or rotavirus negative) was binary.  Adjusted odds 
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ratios were calculated for the risk factors. A p-value of <0.05 was used to determine 

significance. A confidence interval of 95% was used in the analysis.  

 

Firstly, bivariate logistic regression analysis was conducted to assess the association of 

rotavirus detection and various risk factors such as number of vaccine doses, age group, sex, 

race, surveillance site, method of feeding in the first four months of life and beyond four 

months, use of antibiotics prior to hospitalisation, previous hospital admission, pre-existing 

chronic illnesses, refusal to feed, fever, vomiting, malnutrition, number of people sharing a 

bedroom, nursery school attendance, education level of the mother, the season of admission, 

and season of birth with rotavirus diarrhoea without adjusting for other possible confounders.  

A multivariable logistic regression analysis was then performed to assess risk factors for 

rotavirus detection in vaccinated children. The stepwise forward selection was used to create a 

parsimonious model for assessing risk factors for rotavirus detection. All variables with p-value 

<0.2 in the bivariate analysis were added to the model. Variables were kept in the final model 

only if their p-values remained significant in the multivariate regression analysis. The 

exception were those variables considered important risk factors, based on published literature, 

they were kept in the final model even if the p-value was not significant. 

The likelihood ratio test was used to compare different models. Hosmer and Lemeshow’s 

goodness of fit test was used to check if there was any evidence of a lack of fit in the model.  

All the independent variables used in the logistic regression analysis were categorical. For 

categorical variables, the category with the largest number of observations was used as the 

reference category in the logistic regression analyses. Exceptions included age where the oldest 

children were used as a reference to assess how younger age groups who had received the 

vaccination compared to the older age group. The majority of the participants were black 

children, however, other races (white, coloured, and Indian/Asian) children were used as the 

reference category for interpretation purposes Patients who presented with no symptoms 

(coded as “0”) (diarrhoea, chronic illness, refusal to feed, vomiting, and malnutrition) or 

negative medical history (no previous admission, antibiotics prior to hospitalisation) were used 

as references in the logistic regression. Odds ratios, 95% confidence intervals and p-values 

were recorded.  
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2.6 Ethical considerations 

 

The ethical approval to carry out this secondary data analysis was obtained from the University 

of the Witwatersrand, Human Research Ethics Committee (Medical); M181171. Permission to 

use data was obtained from the NICD. Analysis of the data only commenced after the 

permission letter was received from the gatekeeper.  All the parents of the participants who 

took part in the original study were presented with and signed informed consent. 
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3. Chapter 3 - Results 

3.1 Objective 1- The aetiology of acute diarrhoeal hospitalisations  

3.1.1 Description of the study population 

Six of the 799 participants in the dataset were excluded as age was not known or >59 months. 

The analysis, thus, included a total of 793 participants from 2014 (n=2), 2015 (n=140) and 

2016 (n=653). Most children were black (88,4%), with the remainder of coloured (11,6%), 

Indian (<1%), and white (<1%) race. Of 778 participants with sex available, 409 (51,6%) were 

male and 369 (46,5%) were female.  

 

The participants were stratified into four age groups, <6 months (n=195; 24,6%), 6-11 months 

(n=241; 30,4%), 12-23 months (n=228; 28,8%), and 24-59 (n=129; 16,3%) months old. The 

median age of the study participants was 11 months (interquartile range= 6 to 18 months). 

 

The participants were admitted at the following sites: CHBAH (n=208; 26,2%), M/M Hospitals 

(n=113; 14,3%), Edendale Hospital (n=73; 9,2%), RCCH (n=44; 5,6%), Kimberley Hospital 

(n=80; 10,1%), Polokwane Hospital (n=12; 1,5%), Pelonomi Hospital (n=180; 22,7%), Dora 

Nginza Hospital (n=49; 6,2%), and Klerksdorp Hospital (n=34; 4,3%). No samples from Dr 

George Mukhari Hospital were available for this analysis.  

 

3.1.2 Detection of enteric pathogens  

The prevalence of the enteric pathogens detected in stool was initially analysed using a cycle 

threshold (Ct) cut-off value of ≤35. In 2015 and 2016, rotavirus was still a prominent enteric 

pathogen in children who were hospitalised for diarrhoea; it was detected in 22,1% (n=175) of 

the stool samples. Other prominent enteric pathogens detected included EAEC (n=263; 33,2%), 

adenovirus (n=227; 28,6%), Shigella/EIEC (n=191; 24,1%), Cryptosporidium (n=187; 23,6%), 

EPEC (n=149; 18,8%), and enterovirus (n=146; 18,4%) (Figure 4.1). 

Other detected pathogens included Campylobacter spp (n=100; 12,6%), Giardia (n=95; 

12,0%), ETEC (10,3%), norovirus (n=76; 10%), sapovirus (n=62; 7,8%), B. fragilis (n=58; 

7,3%), C. jejuni/coli (n=58; 7,3%), H. pylori (n=43; 5,4%), astrovirus (n=27; 3,4%), C. difficile 

(n=24; 3,0%), Salmonella (n=17; 2,1%), E. bieneusi (n=10; 1,3%), Aeromonas (n=10; 1,2%), 

and STEC (n=4; 0.5%). There were several parasites that were not detected in any of the 

children’s stools. These included Ancylostoma, Ascaris, Encephalitozoon intestinalis, 
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Entamoeba histolytica, Enterocytozoon bieneusi, Cyclospora, Necator, Strongyloides, and 

Trichuris. 
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Figure 3.1 The prevalence of enteric pathogens (Ct≤35) detected in stool samples of children ≤5 years from 2015 to 2016. Norovirus (Norovirus 

GI (n=15; 2%) and Norovirus GII (n=62; 8%). Campylobacter (Campylobacter pan (n=97; 12%) and C. jejuni/coli n=58; 7%). 
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Figure 3.2 shows the prevalence of enteric pathogens stratified by age. In children less than 6 

months old (n=195; 25%), the most prominent enteric pathogens were EAEC (n=60; 30,8%), 

adenovirus (n=45; 23,0), EPEC (n=35, 18,0%), Cryptosporidium (n=31; 15,9%), rotavirus 

(n=28; 14,4%), and enterovirus (n=28; 14,4%). Shigella/EIEC (n=21; 10,8%), norovirus 

(n=20; 10,3%) and Campylobacter (n=18; 9,2%) were less prevalent in children under 6 

months. In those aged 6-11 months, EAEC (n=87; 36,1%), rotavirus (n=85; 35,3%), adenovirus 

(n=70; 29,0%), Cryptosporidium (n=64; 26,6%), enterovirus (n=49; 20%) and EPEC (n=43; 

17,8%) had the highest prevalence. Other enteric pathogens detected in this age group included, 

Campylobacter (n=34; 14,1%), Shigella/EIEC (n=26; 10,8%), and norovirus (n=26; 10,8%).  

EAEC (n=84; 36,8%), adenovirus (n=81; 35,5%), and Cryptosporidium (n=68, 29,8%) 

remained leading diarrhoeal pathogens detected in children 12-23 months of age (n=228; 29%). 

However, the prevalence of both Shigella/EIEC (n=75; 32,9%) and Giardia (n=43; 18,9%) 

increased in this age group. Enterovirus (n=46; 20%), rotavirus (n=21; 19,3%),  EPEC (n=41; 

18,0%), Campylobacter (n=35; 15,4%), ETEC (n=29; 12,7%), and sapovirus (n=24; 10,5%) 

were detected in ≥10% of stool samples in children in the second year of life. In children 24-

59 (n=129; 16%), Shigella/EIEC (n=69; 53,5%) had the highest prevalence, detected in over 

half of the children. EAEC, (n=32; 24,8%), adenovirus (n=31; 24%), EPEC (n=30; 23,3%), 

Giardia (n=29; 22,5%), Cryptosporidium (n=24; 18,6%), enterovirus (n=23; 18%), rotavirus 

(n=18; 14,0%), ETEC (n=16; 12,4%), B. fragilis (n=15; 11,6%), Campylobacter (n=13; 

10,1%), were also detected in this age group.   
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Figure 3.2 Enteric pathogens stratified by age group in children ≤5 years from 2015 to 2016 : >6 months old, 6 to less than 12 months, 12 to less 

than 24 months, 24 to less than 60 months old
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Figure 3.3 shows the prevalence of enteric pathogens across diarrhoea surveillance sites in 

South Africa. EAEC was frequently detected in participants from all surveillance sites 

including Polokwane (n=6; 50,0%), M/M (n=53; 46,9%), Pelonomi (n=66; 36,7%) Kimberley 

(n=28; 35%), Edendale (n=22; 30,1%), RCCH (n=13; 29,6%), Klerksdorp (n=10; 29,4%), 

CHBAH (n=54; 26,0%), and Dora Nginza (n=11; 22,5%). Adenovirus was also a prominent 

diarrhoea pathogen in all surveillance sites and was most frequently detected in Polokwane 

(n=5; 41,2%), CHBAH (n=64; 30,8%), Dora Nginza (n=15; 30,6%), Kimberley (n=23; 28,8%), 

Edendale (n=19; 26,0%), and RCCH (n=12; 27,3%).  

Rotavirus was one of the leading enteropathogens in participants from Edendale (n=26; 

35,6%), M/M (n=40; 35,4%), and RCCH (n=12; 27,3%). However, rotavirus was among the 

least frequently detected pathogens in Klerksdorp (n=3; 8,8%) Pelonomi (n=25; 13,9%), and 

Kimberley (n=13; 16,3%), and was not detected at all in participants from Polokwane (n=0; 

0%). 

Most Shigella/EIEC detections were in Edendale (n=21; 28,8%) followed by Klerksdorp (n=9; 

26,5%), Pelonomi (n=46; 25,6%), CHBAH (n=24; 21,2%), M/M (n=24; 21,2%), Kimberley 

(n=15; 18,8%), and RCCH (n=8; 18,2%).  EPEC was also frequently detected in Edendale 

(n=21; 28,8%), Dora Nginza (n=14; 28,6%), Kimberley (n=18; 22,5%), and M/M (n=24; 

21,2%). Surveillance Hospitals that did not have any prominent EPEC detections were RCCH 

(n=4; 9,1%) and Klerksdorp (n=2; 5,9%). Cryptosporidium was a dominant pathogen in 

participants from Kimberley (n=32; 40,0%), Pelonomi (n=58; 32,2%), CHBAH (n=44; 

21,2%). Polokwane (n=1; 8,3%) had the lowest Cryptosporidium detections. Enterovirus was 

most frequently detected only in Kimberley (n=19; 23,8%), CHBAH (n=35; 16,8%), and M/M 

(n=18; 15,9%).  

Norovirus, astrovirus, sapovirus, B. fragilis, Campylobacter, Salmonella, and Giardia, 

although detected in some surveillance sites, was often in low frequencies. STEC was detected 

in less than 1% of the participants from CHBAH, Edendale, Kimberley, RCCH, Polokwane, 

and Klerksdorp.
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Figure 3.3 is a depiction of the prevalence of enteric pathogens across diarrhoea surveillance sites in South Africa from 2015 to 2016. Enteric 

pathogen prevalence at each surveillance site was calculated using the frequency at each site divided by the number of samples from that particular 

surveillance site. 
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Figure 3.4 shows the prevalence of enteric pathogens stratified by season. The most prominent 

enteric pathogens in the summer of 2015-2016 were EAEC (n=74; 36,1%), adenovirus (n=71; 

34,6%), Cryptosporidium (n=58; 28,3%), Shigella/EIEC (n=50; 24,4%), enterovirus (n=39; 

19,0%), EPEC (n=38; 18,5%), Campylobacter (n=26; 12,7%), Giardia (n=24; 11,7%), ETEC 

(n=23; 11,2%), and norovirus (n=22; 10,7%).  

In autumn, EAEC (n=89; 38,5%), Cryptosporidium (n=86; 37,2%), Shigella/EIEC (n=71; 

30,7%), EPEC (n=66; 28,6%), enterovirus (n=65; 28,1%), ETEC (n=39; 16,9%), and 

Campylobacter (n=32; 13,9%), showed an increase in prevalence compared to the warmer 

summer months.  

Rotavirus (n=112; 55%) was detected in over half of the samples collected during the winter 

periods of 2015 and 2016, while it was only detected in approximately 5% of the samples in 

summer and 3% in autumn. The prevalence of EAEC (n=57; 27,8%), adenovirus (n=42; 

20,5%), Shigella/EIEC (n=35; 17,1%), Cryptosporidium (n=30; 14,6%), EPEC (n=25; 12,2%), 

and Campylobacter (n=22; 10,7%) decreased in winter. 

There was a decrease in the prevalence of rotavirus diarrhoea in spring (n=45; 20%) compared 

to winter (n=112; 55%). However, pathogens such as EAEC (n=43; 28,3%), adenovirus (n=39; 

25,7%), Shigella/EIEC (n=35; 23,0%), Campylobacter (n=20; 13,2%), and EPEC (n=20; 

13,2% showed a slight increase compared to winter. 
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Figure 3.4a The prevalence of diarrhoeal pathogens during different South African seasons, summer: December, January, February; Autumn: 

March, April, May; Winter: June, July, August; Spring: September, October, November.
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Figure 3.4b shows the prevalence of the pathogens in wet and dry South African seasons. The 

most common pathogens during the wet seasons of 2015 and 2016 included adenovirus 

(46.3%), EAEC (36.8%), Cryptosporidium (27.2%), Shigella/EIEC (26.0%), enterovirus 

(24.6%), and EPEC (22.2%). Other prominent pathogens in the wet seasons were Giardia 

(12.7%), Campylobacter (12.4%), ETEC (12.2%), norovirus (11.5%), sapovirus (10.0%). 

Rotavirus (6.7%), B. fragilis (7.2%), astrovirus (4.1%), C. difficile (3.8%), H. pylori (3.8%), 

Salmonella (2.6%), Aeromonas (2.0%), STEC (1.0%), and E. bieneusi (1.0%) had very low 

prevalence in the wet seasons of 2015 and 2016. 

 

In the dry season adenovirus (41.8%) and rotavirus (39.3%) had the highest prevalence among 

children with diarrhoea, followed by EAEC (29.1%), Shigella/EIEC (21.9%), and 

Cryptosporidium (19.5%). EPEC (15.0%), enterovirus (11.5%), Campylobacter (12.8%), 

Giardia (11.2%) were also prominent in the dry seasons. Norovirus (7.5%), B. fragilis (7.5%), 

ETEC (8.3%), H. pylori (7.2%), sapovirus (5.4%) were not common in the dry seasons. Other 

pathogens that had a low prevalence during this time included astrovirus (2.7%), C. difficile 

(2.1%), Salmonella (1.6%), E. bieneusi (1.6%), Aeromonas (1.0%), and STEC (1.0%). 
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Figure 3.4b The prevalence of diarrhoeal pathogens during South African wet and dry seasons, wet season: October, November, December, 

January, February, March; dry season: April, May, June, July, August, September.
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Among rotavirus-positive samples (ct≤35, n=175), we found that strain P[8] (n=79; 45,1%) 

and G3 (n=75; 42,9%) were the most prominent strains. Strains that were detected in less than 

1% of the participants were G4, G10, P[9], P[10], and P[11]. Genotype G3P[8] (n=32; 18,3%), 

G9P[8] (n=26; 14,9%), and G3P[4] (n=23; 13,4%) had the highest detection frequencies. Other 

rotavirus genotypes that were detected in 5% and above of the rotavirus positive participants 

included G3P[4]P[8] (n=15; 8,6%), G2P[4] (n=13; 7,4%), and G2P[4]P[8] (n=10; 5,7%) 

(Figure 3.5a and 3.5b). 

 

Figure 3.5a Detected rotavirus G and P strains amongst participants who had positive stool 

results for rotavirus. Only those strains that had a prevalence >5% were included in the figure. 
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Figure 3.5b shows the prevalence of rotavirus P genotypes amongst patients whose stools 

rotavirus was detected using the Taqman array card.  Only those genotypes that had a 

prevalence >5% were included in the figure. 

Table 3.1 shows the differences in the prevalence of enteric pathogens detected amongst 

children under the age of five years using ≤35 Ct cut-off and pathogen-specific Ct cut-offs, for 

selected pathogens. There was a significant decrease in the prevalence of all pathogen 

proportions with the exception of two: rotavirus (p=0.4967) and Salmonella (0.2178) when 

using the specific Ct cut-offs. No C. jejuni/coli was detected when using the specific cut-off of 

15,4. 

 

Table 3.1 Comparison of selected enteric pathogen prevalence using different PCR cycle 

threshold cut-offs1 

 

Pathogen Using 35 Ct cut-off  

n/793 (%) 

Using specific Ct cut-offs 

n/793 (%) 

P-value* 

Viruses    

Adenovirus 227 (28,6) 55 (6,9) <0.0001 

Astrovirus 27 (3,4) 6 (0,8) 0.0003 

Norovirus GII 62 (7,8) 11 (1,4) <0.0001 

Rotavirus 175 (22,1) 164 (20,7) 0.4967 

Sapovirus 62 (7,8) 19 (2,4) <0.0001 

Bacteria    

C. jejuni/coli 58 (7,3) 0  - 

H. pylori 43 (5,4) 16 (2,0) 0.0003 

tEPEC 49 (6,2) 2 (0,3) <0.0001 

ST-ETEC 50 (6,3) 19 (2,4) 0.0001 

Shigella/EIEC 191 (24,1) 122 (15,4) <0.0001 

Parasites    

Cryptosporidium 186 (23,5) 103 (13,0) <0.0001 

Salmonella 17 (2,1) 10 (1,3) 0.2178 

*Proportions test was used to get the p-value 

 

Figure 3.6 below shows pathogen-associated diarrhoeal cases using specific cut-offs for the 

selected enteric pathogens. Rotavirus had the highest diarrhoea-associated prevalence 

(n=164/175; 93,7%) followed by Shigella/EIEC (n=122/191; 63,9%), Salmonella (n=10/17; 

58,8%), and Cryptosporidium (n=103/186; 55,3%). Lower diarrhoea-associated prevalence 

                                                           
1 Specific Ct cut-off values. GEMS: Adenovirus 40/41(22.7), astrovirus (22.2), norovirus GII (23.4), rotavirus (32.6), 

sapovirus (N/A), Cryptosporidium (24.0), C. jejuni/coli (15.4), Helicobacter pylori (30.8), typical EPEC (bfpa) (16.0), ST-

ETEC (STh) (22.8), Salmonella (30.7), Shigella/EIEC (27.9). 

MAL-ED: Adenovirus 40/41(24.1), astrovirus (23.7), norovirus GII (27.2), rotavirus (31.7), sapovirus (26.1), 

Cryptosporidium (22.0), C. jejuni/coli (21.8), Helicobacter pylori (N/A), typical EPEC (bfpa) (17.8), ST-ETEC (STh) (23.5), 

Salmonella (N/A), Shigella/EIEC (28.8). 
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was shown for ST-ETEC (n=19/50; 38,0%), H. pylori (n=16/43; 37,2%), sapovirus (n=19/62; 

30,6%), adenovirus (n=55/227; 24,2%), astrovirus (n=6/27; 22,2%), norovirus GII (n=11/64; 

17,2%), and tEPEC (n=2/49; 4,1%).  

 

 

 

Figure 3.6 Detection of enteric pathogens using diarrhoea associated cut-offs for selected 

pathogens. The figure shows the percentage of pathogen-associated diarrhoea compared to 

non-associated diarrhoea. 
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100%). Most enteric pathogen infection using specific Ct cut-offs were single infections 
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(n=85/122; 69,7%), adenovirus (n=37/55; 67,3%), astrovirus (n=6/6; 100%), norovirus GII 
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(n=9/11; 81,8%), sapovirus (n=10/19; 52,6%), ST-ETEC (n=10/19; 52,6%), and Salmonella 

(n=6/10; 60,0%).  

 

 

 

Figure 3.7 Co-infection and mono infections for enteric pathogens using specific PCR cycle 

thresholds 
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Bacteria  

Cryptosporidium 1 (0.6%) 

C. jejuni/coli - 

H. pylori 8 (4, 9%) 

tEPEC 0 (0%) 

ST-ETEC 0 (0%) 

Salmonella 3 (1, 8%) 

Shigella/EIEC 6 (3, 7%) 

 

Table 3.3 below shows the prevalence of 11 factors including clinical symptoms, medical 

history conditions and outcome of infection for each enteric pathogen (defined as infection 

with a single pathogen using the specific Ct cut-off value). Vomiting was the common 

presenting symptom for most pathogens except Salmonella (n=2; 33%) and Shigella/EIEC 

(n=37; 44%). Bloody stool was found in just over a third of Shigella/EIEC infections (n=26; 

30,6, %), but was not a common presenting symptom for other pathogens. Most patients who 

had sapovirus (n=5; 50,0%), H. pylori (n=3; 100%), and ST-ETEC (n=6; 60,0%), presented 

with dehydration. The overall mortality was low (n=11/394; 2,8%). 
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Table 3.3 Symptoms observed in children with a single enteric pathogen detected in stool (stool detection of only one enteric pathogen 

using specific quantification cycle cut-offs) 

Symptom/ 

Outcome 

Adenovirus 

n/37 (%) 

Astrovir

us 

n/6 (%) 

Norovirus 

GII 

n/9 (%) 

Rotavirus 

n/147 (%) 

Sapovirus 

n/10 (%) 

Cryptosporidi

um 

n/81 (%) 

H. pylori 

n/3 (%) 

ST-ETEC 

n/10 (%) 

Salmonell

a 

n/6 (%) 

Shigella/EI

EC 

n/85 (%) 

Fever  19 (51,4) 1 (16,7) 4 (44,4) 68 (46,3) 3 (30,0) 41 (50,6) 3(100,0) 1 (10,0) 4 (66,7) 55 (64,7) 

Refusal to feed 19 (51,4) 2 (33,3) 5 (55,6) 60 (40,8) 50(50,0) 35 (43,2) 1 (33,3) 5 (50,0) 1 (16,7) 38 (44,7) 

Vomiting 24 (64,9) 4 (66,7) 7 (77,8) 106 (72,1) 6 (60,0) 56 (69,1) 2 (66,7) 7 (70,0) 2 (33,3) 37 (43,5) 

Bloody stool 2 (5,4) - - 3 (2,0) 1 (10,0) 2 (2,5) 1 (33,3) - 1 (16,7) 26 (30,6) 

Dehydration 24 (64,9) 5 (83,3) 4 (44,4) 93 (63,3) 6 (60,0) 61 (75,3) 3 (100,0) 9 (90,0) 4 (66,7) 51 (60,0) 

Previous 

antibiotics 

2 (5,4) - 3 (33,3) 24 (16,3) 1 (10,0) 18 (22,2) - 1 (10,0) - 12 (14,1) 

Previous 

admission 

6 (16,2) 1 (16,7) 3 (33,3) 19 (12,9) 1 (10,0) 12 (14,8) - 3 (30,0) - 15 (17,6) 

Previous 

diarrhoea 

1 (2,7) 1 (16,7) 1 (11,1) 4 (2,7) - - - - - 1 (1,2) 

Chronic disease 2 (5,4) 1 (16,7) 1 (11,1) 8 (5,4) 1 (10,0) 5 (6,2) - 1 (10,0) - 4 (4,7) 

Malnutrition 3 (8,1) - 1 (11,1) 12 (8,2) 1 (10,0) 14 (17,3) - 3 (30,0) 1 (16,7) 4 (4,7) 

Died 1 (2,7) - - 3 (2,0) 1 (10,0) 4 (4,9) - - 1 (16,7) 1 (1,2) 
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3.3 Objective 3- Risk factors associated with rotavirus-positivity on stool testing among 

children <5 years of age who received rotavirus vaccination 

Of 793 participants, 655 (82,6%) had the road to health card (RTHC) available which contains 

information about the vaccine status of each participant (Appendices D-G). Of these, 631 

(96,3%) had received at least one dose of the rotavirus vaccine and were included in the 

analysis. None of the 12 children from Polokwane hospital was vaccinated and this site was 

thus excluded from the analysis. Forty-seven percent (n=297/618) were female and 50,9% 

(n=321/618) were male, 13 participants had missing values for sex. Age distribution of these 

children was: 144 were <6 months (22,8%); 201 were 6-11 months (31,9%); 183 were 12-23 

months (29,0%); and 103 were 24-59 months (16,3%). One hundred and forty-three (22,7%) 

tested positive for rotavirus diarrhoea (Ct≤35), and could potentially be considered “vaccine 

failures”.   

The results from the bivariate logistic regression analysis showed that medical history factors 

such as receiving antibiotics prior to hospitalisation, pre-existing chronic illnesses, and 

previous diarrhoea were not significant risk factors for rotavirus diarrhoea (Table 4.4). 

Symptoms such as refusing to feed, fever, and malnutrition were also not significant risk factors 

for rotavirus diarrhoea. Other factors that were not significantly associated with rotavirus in 

the bivariate logistic regression analysis included the number of people sleeping in the same 

room, nursery attendance, education level of the mother, access to electricity, flushing toilet, 

running water and season of birth. 

The odds of detecting rotavirus despite vaccination in children who were 6-11 months old were 

3.10 (95% CI: 1.692 – 5.683) times greater than those who were 24-59 months old. The odds 

of rotavirus diarrhoea in children from M/M hospitals (OR= 2.32; 95% CI: 1.302 – 4.122) and 

Edendale Hospital (OR=2.13; CI: 1.013 – 4.491) were greater than those of children in CHBAH 

Hospital. Children who were fed “other” types of food (OR=0.28; 95% CI: 0.146 – 0.540); 

beyond 4 months of age were at less risk of infection than those who were only fed formula. 

The results also showed that children who were vomiting (OR=2.51; 95% CI: 1.569 – 4.022) 

had greater odds of rotavirus diarrhoea than children who did not vomit.  Children admitted in 

winter (OR= 19.88; 95%CI: 9.769 – 40.432) and spring (OR=6.87; 95%CI: 3.264 – 14.443) 

were also more likely to have rotavirus diarrhoea than those admitted in summer.
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Table 3.4 Risk factors associated with rotavirus diarrhoea amongst children who received at least one dose of the Rotarix® vaccine 

between 2015 and 2016 (unadjusted analysis)  

 

Risk factor Rotavirus (N=143)  

        n/N (%) 

No rotavirus (N=488) 

         n/N (%) 

Crude OR (95% CI) p-value 

Number of doses     

1 (n=47) 

2 (n=584) 

15 (10,5) 

124 (89,5) 

32 (6,6) 

456 (93,4) 

Reference 

0.60 (0.314 – 1.140) 

 

0.119 

Age 

Less than 6 months (n=144) 

6 to 11 months (n=201) 

12 to 23 months (n=183) 

24 to <60 months (n=103) 

 

20 (14,0) 

73 (51,1) 

34 (23,8) 

16 (11,1) 

 

124 (25,4) 

128 (26,2) 

149 (30,5) 

87 (17,8) 

 

0.88 (0.430 – 1.788) 

3.10 (1.692 – 5.683) 

1.24 (0.647 – 2.378) 

Reference 

 

0.718 

<0.0001 

0.516 

- 

Sex     

Female (n=297) 63/140 (45,0) 234/478 (49,0%) 0.85 (0.584 – 1.245) 0.410 

Site 

CHBAH (n=150) 

M/M (n=93) 

Edendale (n=42) 

RCCH (n=42) 

Kimberley (n=72) 

Pelonomi (n=164) 

Dora Nginza (n=37) 

Klerksdorp (n=31) 

 

31 (21,7) 

35 (24,5) 

15 (10,5) 

12 (8,4) 

13 (9,1) 

25 (17,5) 

9 (6,3) 

3 (2,1) 

 

119 (24,4) 

58 (11,9) 

27 (5,5) 

30 (6,2) 

59 (12,1) 

139 (28,5) 

28 (5,7) 

28 (5,7) 

 

Reference 

2.32 (1.302 – 4.122) 

2.13 (1.013 – 4.491) 

1.54 0.706 – 3.341) 

0.85 (0.412 – 1.736) 

0.69 (0.386 – 1.234) 

1.23 (0.528 – 2.883) 

0.41 (0.117 – 1.442) 

 

- 

0.004 

0.046 

0.280 

0.648 

0.211 

0.627 

0.165 

Black (n=550) 127/141 (90,1) 423/483 (87,6) 1.29 (0.696 – 2.379) 0.421 

Method of feeding (first 4 months) 

Formula (n=130) 

Mixed (n=102) 

Breast (n=378) 

 

36/141 (25,5) 

27 (19,2) 

78 (55,3) 

 

94/469 (20,0) 

75 (16,0) 

300 (64,0) 

  

Reference 

0.94 (0.524 – 1.686) 

0.69 (0.429 – 1.073) 

- 

0.835 

0.097 

Method of feeding (beyond 4 months)     
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Formula (n=264) 

Mixed (n=33) 

Breast (n=111) 

Solids (with/without milk) (n=126) 

72/127 (56,7) 

10 (7,9) 

33 (26,0) 

12 (9,5) 

192/407 (47,2) 

23 (5,7) 

78 (19,2) 

114 (28,0) 

Reference 

1.15 (0.526 – 2.555) 

1.13 (0.692 – 1.840) 

0.28 (0.146 – 0.540) 

- 

0.714 

0.629 

<0.001 

Symptoms and medical history     

Antibiotics prior to hospitalisation (n=105) 

Previous admission (n=107) 

Previous diarrhoea (n=20) 

Chronic medical condition (n=38) 

Refusal to feed (n=281) 

Fever (n=353) 

Vomit (n=430) 

Malnutrition (n=69) 

27/114 (23,7) 

23/142 (16,2) 

5/142 (3,5) 

9/139 (6,5) 

66/140 (47,1) 

74/139 (53,2) 

116/141 (82,3) 

15/143 (10,5) 

78/413 (18,9) 

84/478 (17,5) 

15/478 (3,1) 

29/465 (6,2) 

215/481 (44,7) 

279/481 (58,0) 

314/484 (64,8) 

54/483 (11,2) 

1.33 (0.811 – 2.191) 

0.91 (0.547 – 1.502) 

1.12 (0.402 – 3.155) 

1.04 (0.480 – 2.255) 

1.10 (0.757 – 1.609) 

0.82 (0.564 – 1.204) 

2.51 (1.569 – 4.022) 

0.93 (0.508 – 1.705) 

0.257 

0.703 

0.845 

0.919 

0.609 

0.318 

<0.001 

0.817 

Education level of the mother     

No schooling (n=21) 

Primary school (n=51) 

High school/Tertiary (n=544) 

5/141 (3,6) 

9 (6,4) 

127 (90,1) 

16/475 (3,4) 

42 (8,8) 

417 (87,8) 

1.02 (0.369 – 2.856) 

0.70 (0.333 – 1.485) 

Reference 

0.961 

0.356 

- 

Socio-economic factors     

More than 5 roommates (n=32) 5 (3,5) 27 (5,5) 0.62 (0.234 – 1.637) 0.333 

Nursery attendance 22 /142(15,5) 94/485 (19,3) 0.76 (0.459 – 1.266) 0.295 

Electricity (n=571) 133 (93,0) 438 (89,8) 1.52 (0.749 – 3.076) 0.246 

Flushing toilet (n=402) 88/142 (62,0) 314 (65,0) 0.88 (0.596 – 1.292) 0.507 

Running water (n=267) 69/138 (50,0) 198/481 (41,2) 1.43 (0.978 – 2.090) 0.065 

Brick house (n=484) 114/142 (80,3) 370/485 (76,3) 1.27 (0.796 – 2.011) 0.319 

Season of admission     

Summer (n=169) 

Autumn (n=174) 

Winter (n=162) 

Spring (126) 

10/143 (7,0) 

5 (3,5) 

90 (62,9) 

38 (26,6) 

159/488 (32,5) 

169 (34,6) 

72 (14,8) 

88 (18,0) 

Reference 

0.47 (0.157 – 1.406) 

19.88 (9.769 – 40.432) 

6.87 (3.264 – 14.443) 

- 

0.177 

<0.001 

<0.001 

Season of birth     

Summer (n=167) 

Autumn (n=166) 

42/143 (29,4) 

33 (23,1) 

125/488 (25,5) 

133 (27,3) 

Reference  

0.73 (0.440 – 1.239) 0.251 



50 
 

 

Winter (n=131) 

Spring (n=167) 

24 (16,8) 

44 (30,8) 

107 (21,9) 

123 (25,2) 

0.67 (0.379 – 1.173) 0.160 

1.06 (0.652 – 1.739) 0.802 
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Results from the final model showed that the odds of having rotavirus diarrhoea in children 

who were 6 -11 months old were 4.27 (95% CI: 2.484 – 10.143) times that of children who 

were 24 to 59 months old, after adjusting for the number of rotavirus doses, site and season of 

admission. Patients from RCCH (aOR=2.92; 95% CI: 1.139 – 7.511), were more likely to get 

rotavirus diarrhoea despite being vaccinated compared to patients from CHBAH after adjusting 

for other factors in the model. Patients from Klerksdorp Hospital (aOR=0.15; 95% CI: 0.040 – 

0.611) were less likely to get an infection compared to patients from CHBAH. The odds of 

infection in children who were admitted in winter were 29.57 (95% CI: 13.212 – 66.164) 

greater than those of children admitted in summer, after adjusting for age, the site and the 

number of rotavirus doses. Those admitted in spring (aOR=7.05; 95% CI: 3.214 – 15.483) also 

had higher odds of infection than those admitted in summer.  

Table 3.5 Model-based predictor factors of rotavirus diarrhoea amongst children who 

received at least one dose of the Rotarix® vaccine between 2015 and 2016. 

 

 aOR (95%CI) p-value 

Age   

<6 months 0.79 (0.338 – 1.861) 0.595 

6-11 months 4.27 (2.022 – 9.020) <0.001 

12-23 months 1.43 (0.658 – 3.095) 0.369 

24-59 months Reference - 

Site   

Chris Hani Baragwanath Hospital Reference - 

Mapulaneng& Matikwana 1.98 (0.962 – 4.055) 0.064 

Edendale Hospital 1.42 (0.498 – 4.049) 0.512 

Red Cross Children’s Hospital 2.92 (1.139 – 7.511) 0.026 

Kimberley Hospital 1.68 (0.652 – 4.330) 0.283 

Pelonomi Hospital 0.85 (0.415 – 1.749) 0.663 

Dora Nginza Hospital 1.07 (0.358 – 3.207) 0.901 

Klerksdorp Hospital 0.15 (0.040 – 0.611) 0.008 

Season of admission   

Summer Reference - 

Autumn 0.50 (0.163 – 1.551) 0.231 

Winter 29.57 (13.212 – 66.164) <0.001 

Spring 7.05 (3.214 – 15.483) <0.001 

Number of doses   

1 dose Reference  

2 doses 0.89 (0.380 – 2.125) 0.807 
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4. Discussion 

 

This study described the aetiology of enteric pathogens amongst children hospitalised with 

diarrhoea under the age of five years old from nine South African diarrhoea surveillance sites 

after the introduction of rotavirus vaccination. The study also compared the prevalence of 

enteric pathogens found in these children using different Ct cut-offs and described co-

infections using these pathogen-specific cut-offs. We also assessed risk factors for 

hospitalisation for rotavirus diarrhoea amongst children who had received at least one rotavirus 

vaccine dose.  

 

PCR amplification is a novel diagnosis for pathogens using DNA or RNA (26). PCR 

amplification can be performed in either uniplex or multiplex mode using gel electrophoresis, 

probe hybridization, or real-time fluorescence (112). This novel method of diagnosis is usually 

preferred over conventional methods such as pathogen culturing, gram stain, and enzyme 

immunoassay because of how laborious and time-consuming these traditional methods can be 

(112). On the other hand, real-time PCR has proven to be more sensitive than most 

conventional methods and has decreased results turnaround time which usually took 2-3 days 

to run the tests and almost a week to get back results using traditional methods (26,117). PCR 

results are usually available within hours of running the test (118). Use of the Taqman Array 

Card, a quantitative PCR platform developed by the University of Virginia, enabled detection 

of multiple enteric pathogens from stool samples collected through the Rotavirus Surveillance 

Programme in 2015-2016.  

 

Using the standard ≤35 Ct cut-off for defining detection of an enteric pathogen, our results 

showed that in the years 2015 and 2016, the following pathogens had the highest prevalence in 

South African children hospitalised for diarrhoea under the age of 5 years old: EAEC (33,2%), 

adenovirus (28,6%), Shigella/EIEC (24,1%), Cryptosporidium (23,6%), and rotavirus (22,1%). 

Other pathogens that showed high prevalence at the ≤35 Ct cut-off were EPEC (18,8%), 

enterovirus (18,4%). 

 

Other detected pathogens were Campylobacter (12,6%), Giardia (12,0), ETEC (10,3%), 

norovirus (10,0%), sapovirus (n=62; 7,8%), B. fragilis (n=58; 7,3%), C. jejuni/coli (n=58; 

7,3%), H. pylori (n=43; 5,4%), astrovirus (n=27; 3,4%), C. difficile (n=24; 3,0%), Salmonella 

(n=17; 2,1%), E. bieneusi (n=10; 1,3%), Aeromonas (n=10; 1,2%), and STEC (n=4; 0.5%).  
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Pathogens that were not detected at all using the Ct ≤35 cut-off included the parasites 

Ancylostoma, Ascaris, Encephalitozoon intestinalis, Entamoeba histolytica, Enterocytozoon 

bieneusi, Cyclospora, Necator, Strongyloides, and Trichuris. This may be because helminths, 

particularly soil-transmitted helminths (STH), are more prevalent in children 5 to 14 years of 

age as one study suggested by one study (119). 

 

Detection of enteric pathogens using quantitative PCR can pose some difficulties in 

interpretation of the results. Pathogens that do not contribute to the disease might also be 

detected. This can be overcome by comparing the frequency of pathogens identified in 

diarrhoeal cases to that in non-diarrhoea controls and calculating an attributable fraction. Our 

study only enrolled diarrhoeal cases, and no comparator group of non-diarrhoeal controls was 

available. With the absence of controls in our study, we could not conclude that all pathogens 

detected in stool samples were the cause of the acute diarrhoea in the children. Our results 

showed that EAEC (Ct ≤35) had the highest frequency of detection in children hospitalised 

with acute diarrhoea. However, a study conducted in Malawi post rotavirus vaccine 

introduction showed that EAEC was frequently detected in both hospitalised diarrhoea cases 

(51,8%) and asymptomatic community controls (47,8%) (32). The Malawian study results 

suggest that EAEC is likely to be a bystander rather than a causative agent of diarrhoea. Giardia 

was detected in 12% of stool samples in our study. However, this pathogen was not 

significantly positively associated with MSD in the GEMS study. To the contrary, in both 

GEMS and the Malawi study, Giardia was more frequently detected in non-diarrhoea controls 

than in diarrhoea cases (13,32). Adenovirus was also amongst the pathogens with the highest 

prevalence in our study. While adenovirus 40/41 has been significantly associated with 

hospitalisation for diarrhoea in other studies, we measured all adenovirus serotypes, not only 

enteric adenovirus 40/41. This might have caused an overestimation of the pathogen’s 

prevalence.  

 

Rotavirus, Shigella/EIEC and Cryptosporidium were detected in 22%-24% of the stool samples 

in 2015 and 2016. These enteric pathogens were more frequently detected in diarrhoeal cases 

than non-diarrhoea controls and have been significantly associated with diarrhoeal 

hospitalisations in case-control studies conducted in Africa. In the GEMS study, most diarrhoea 

cases were attributed to four pathogens: rotavirus, Cryptosporidium, ST-ETEC and Shigella. 

This is in keeping with our results, except for ST-ETEC – we only detected this pathogen in 

6% of stool samples.  
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In order to overcome the limitation of not having a non-diarrhoea comparison group, we used 

specific Ct cut-offs for selected pathogens described in published studies that had enrolled and 

analysed pathogens for both cases and controls, namely the GEMS and MAL-ED studies 

(13,15). These studies were large, multi-centre case-control studies that enrolled hospitalised 

and community diarrhoea cases, respectively, as well as healthy non-diarrhoea controls. Using 

the pathogen-specific Ct cut-offs described in the GEMS and MAL-ED studies there were 

differences in the prevalence of some of the pathogens amongst children hospitalised with 

diarrhoea compared to those attained from using the ≤35 Ct cut-off in our study. For example, 

using the specific cut-off of 22.7, adenovirus was only detected in 24,2% of the participants 

who tested positive for adenovirus using the ≤35 cut-off. Almost all pathogens for which a 

pathogen-specific Ct cut-off was available had a significantly lower prevalence of detection 

when using the specific cut-off compared to the standard cut-off of ≤35. The only exceptions 

were rotavirus and Salmonella. Using the pathogen-specific Ct cut-offs of ≤32.6 for rotavirus, 

there was no significant reduction in the prevalence of rotavirus: 23% prevalence using Ct≤35 

vs. 21% prevalence using Ct≤32.6. Using the pathogen-specific Ct cut-off values we found that 

rotavirus (20,7%), Shigella/EIEC (15,4%), and Cryptosporidium (13,0%) had the highest 

prevalence. Unfortunately, there were not published pathogen-specific Ct cut-offs for all the 

pathogens in the PCR panel and so we were only able to assess some of the pathogens in this 

way.   

 

In both, the GEMS study and the study conducted in Malawi post-rotavirus-vaccination 

introduction rotavirus was the leading diarrhoea-causing pathogen (13,32). In the MAL-ED 

study, rotavirus was the second leading cause of diarrhoea in children <1 year and the third 

leading cause in children in the second year of life (15). In South Africa, prior to rotavirus 

vaccine introduction, rotavirus was associated with approximately 25% of diarrhoeal 

hospitalisations, with the greatest burden of disease (75%) in children <12 months of age (61). 

Although there has been an observed decline in all-cause and rotavirus-specific diarrhoea 

hospitalisations in South Africa since the introduction of the rotavirus vaccine (43), our results 

show that rotavirus was still a prominent cause of diarrhoeal hospitalisations post-vaccine 

introduction (22%), especially in children aged 6-11 months (35,3%). Rotavirus prevalence 

was lower in the youngest (<6 months old) and oldest age group (24-59 months old) of the 

cohort; 14,4% and 14,0%, respectively. Low prevalence in children <6 months old could be 

due to protection from maternal antibodies (44). In our final logistic regression model, we 
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showed that age was a significant risk factor for rotavirus hospitalisation after adjusting for 

site, the number of rotavirus doses and season of hospitalisation, with children aged 6-11 

months having increased odds of hospitalisation due to rotavirus than children aged 24-59 

months. 

 

Rotarix® contains one rotavirus strain, G1P[8], and was designed to prevent rotavirus 

diarrhoea caused by G1 and non-G1 types (G3, G4, and G9) when administered as a two-dose 

series in infants and children (120). Although the monovalent rotavirus vaccine has shown 

cross-protection against the commonly circulating strains, there are some concerns that the 

vaccine may not provide adequate prevention of infection from newly circulating strains that 

are not included in the vaccine. Therefore, it is important to continue monitoring rotavirus 

strains among hospitalised children after the introduction of the vaccine (40).  

 

In our analysis of the diarrhoeal surveillance data from 2015 and 2016, the highest detected G 

serotype was G3 (42,9%), followed by G2 (17,1%), G9 (14,3%), and G1 (7,4%) and the highest 

detected P serotypes were P[8] (45,1%), P[4] (36%), and P[6] (6,8%). We also analysed the 

prevalence of rotavirus strains, and those whose detection was over 5% included: G3P[8], 

G9P[8], G3P[4], G3P[4]P[8], G2P[4]P[8], G2P[4], and G2P[4]P[8]. Mapaseka et al. found that 

between 2010 and 2015, G1P[8] was the most predominant rotavirus strain in the East and 

South regions of Africa (53). On the contrary, G1P[8] was one of the least dominant strains in 

our study (2015-2016), only detected in approximately 3,7% participants.  

 

In addition to age, site and season of admission were also significant risk factors in our logistic 

regression model for rotavirus hospitalisation amongst children who had received at least one 

dose of Rotarix®. Rotavirus detection was highest in winter, with the virus being detected in 

over half (54,6%) of the participants. Other studies have also shown that rotavirus diarrhoea 

cases were more prevalent during the colder seasons (autumn and winter) in South Africa 

(18,61,71). Although lower than winter detections, rotavirus detections were still high in 

children hospitalised with diarrhoea in spring. Our logistic model showed that the odds of 

rotavirus detection in children hospitalised during winter and spring were significantly high 

than those hospitalised during the summer months.  
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Shigella/EIEC was the most frequently detected pathogen in older children (24-59 months old). 

Our results correspond with those from the MAL-ED study where Shigella had the highest AF 

in children in their second year of life (15). In the GEMS study, Shigella was also a prominent 

causative agent for MSD, especially after the second year of life. The adjusted AF of Shigella 

increased with increasing age in all the sites investigated in the GEMS study (13). In the 

Malawian study, Shigella/EIEC was also among pathogens that were frequently detected in 

children with severe diarrhoea (32). Our results also showed that Shigella was a leading cause 

of dysentery (30,6%), as observed in other studies (13,15,60). Shigella is an important cause 

of MSD therefore; measures to prevent child infection are a priority. There are currently no 

licensed Shigella vaccines, however; trials are underway (121). 

 

Since the introduction of the rotavirus vaccine, countries such as England and the USA have 

found norovirus to be the leading causative agent of diarrhoea in children (30,122–126). In this 

study, norovirus (GI and GII) was found in approximately 9,5% (Ct ≤35) of the 793 participants 

and norovirus GII was only detected in 7,8% (Ct ≤35) of the participants. Using the specific Ct 

cut-off value of 23,4, norovirus GII was only detected in 1,4% of the participants. We can, 

therefore, conclude that norovirus was not a major cause for gastroenteritis in hospitalised 

children <5 years in 2015 and 2016. However, it is possible that the burden of norovirus disease 

is higher among children with diarrhoea in the community than among children hospitalised 

with diarrhoea. In the MAL-ED study, norovirus GII was the leading cause of diarrhoea in 

children in their first year of life and the second leading cause in children in their second year 

of life (15). Therefore, even though norovirus is currently not among the leading diarrhoea-

causing pathogens in the country, we cannot ignore that it is an important diarrhoeal agent on 

the continent.  

 

There were some differences in the detection of enteric pathogens between sites. From the final 

logistic regression model, we also found that patients from RCCH, had higher odds of rotavirus 

hospitalisation despite vaccination (aOR=2.92; CI: 1.139 – 7.511), compared to patients from 

CHBAH, and patients from Klerksdorp Hospital (aOR=0.15; CI: 0.040 – 0.611) were less 

likely to develop rotavirus diarrhoea compared to CHBAH patients. We stratified the 

prevalence of enteropathogens by site and found that rotavirus was highly prevalent in children 

admitted at RCCH (27,3%) and was only detected in approximately 8,82% of the participants 

from Klerksdorp. Enrolment numbers were different at the sites with some sites enrolling a 

limited number of children during 2015-2016. This may have affected our results.  
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Our final model also showed that two doses of rotavirus vaccine were more protective in 

preventing rotavirus infections in children <5 years old compared to a single dose, however, 

the difference in protection was not significant (OR=0.89; CI: 0.380 – 2.125). Our results 

warrant further investigation of the effect of the number of doses on rotavirus vaccine 

effectiveness. Other studies have shown that more than one dose was more effective than a 

single dose, while other studies showed no difference in the effectiveness of a single dose 

compared to multiple doses (68–70). 

 

Co-detection of pathogens in a single stool sample is common when using a PCR platform 

which detects multiple pathogens. As some of these pathogens may not be associated with 

diarrhoea, it may be very difficult to discern which are meaningful co-infections. In an attempt 

to facilitate the interpretation of co-infections, we only described co-infections for pathogens 

that had a pathogen-specific Ct cut-off available. The majority of rotavirus detections (90%) 

identified rotavirus as the only pathogen, and only 10% of rotavirus detections were in 

combination with another enteric pathogen. H. pylori had the highest co-infection prevalence 

with rotavirus (4,9%). We found rotavirus-Shigella/EIEC co-infections in 3,7% of the 

participants in the current study. This was the second-highest rotavirus co-infection. For 

Shigella/EIEC detections, 30% had detection of another pathogen; and 21% of those positive 

for Cryptosporidium had another pathogen detected. Pathogen-specific Ct cut-offs were not 

available for all the enteric pathogens tested by means of TAC, and thus we could not 

investigate all possible co-infections.  

 

Fever (17-100%), refusal to feed (33-56%), and vomiting (33-78%) were commonly occurring 

symptoms in almost all enteric pathogen single infections. Dehydration (33-100%) was also a 

commonly occurring symptom in patients infected with any of the pathogens tested for, with 

the exception of adenovirus where only 6% of the patients infected with adenovirus suffered 

dehydration. Bloody stools were present in just under a third of children with Shigella/EIEC 

detected in their stool. Our logistic regression model also assessed presenting symptoms at 

admission as predictors for rotavirus infection. “Other type” of feed beyond four months of age 

and vomiting were significant risk factors for rotavirus hospitalisation in the bivariate analysis 

but were not significantly associated with rotavirus hospitalisation in the multivariable 

analysis. Amongst the participants who had rotavirus detection despite vaccination, there were 

few who had pre-existing medical conditions (6,8%), had previously taken antibiotics (24,1%), 
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were previously hospitalised (16,3%), were malnourished (10,3%) or previously had another 

case of severe diarrhoea (6,8%). 

 

Limitations 

Secondary data was used for the analyses of the current study and, therefore, other possible 

risk factors of diarrhoea hospitalisation in children such as the HIV status of the mother and 

child could not be included in the analyses, as they were not adequately recorded for the 

purposes of the current study. We also faced a challenge in defining “co-infection” as we could 

not be certain if the detection of a pathogen meant that the pathogen actually contributed to the 

illness of the patient. Therefore, risk factors of co-infection could not be analysed. Due to the 

high rotavirus vaccine coverage among children testing rotavirus-positive and rotavirus-

negative (90% and 93%, respectively), vaccine effectiveness could not be calculated due to 

insufficient power.  

 

No controls were available for the analyses, making it difficult to draw conclusions on the 

causes of diarrhoea amongst the participants. However, the use of specific Ct cut-offs from the 

GEMS and MAL-ED studies were used to assist in estimating which enteric pathogens were 

probable causes of diarrhoea in the participants. Another limitation was the overestimation of 

the prevalence of adenovirus since the target used was for all adenovirus types (not only 

adenovirus 40/41). 

 

Conclusion 

Using the standard Ct cut-off of ≤35, EAEC and adenovirus had the highest prevalence in 

children with acute diarrhoea. However, with the use of specific pathogen Ct cut-offs from the 

GEMS and MAL-ED study, rotavirus, Shigella/EIEC, Cryptosporidium, and adenovirus had 

the highest detection frequencies. Therefore, after the introduction of the oral rotavirus vaccine, 

rotavirus remains a leading cause of diarrhoea in South Africa. Rotavirus prevalence was 

highest in children 6 -11 months old hospitalised with diarrhoea and was the most prevalent 

cause of diarrhoea in the autumn and winter seasons. Shigella/EIEC was frequently detected in 

children 24 to 59 months old, highlighting the importance of this pathogen in older children. 

Assessing only those pathogens with specific Ct cut-offs, we found that even though there were 

notable co-infections, most of the detections were singular. Lastly, age, the season of admission 
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and the surveillance hospital where the child was admitted were significant risk factors for 

rotavirus infection in children who had received at least one dose of the rotavirus vaccine.  

 

Recommendations  

Diarrhoea-causing pathogens that need to be targeted include rotavirus, Shigella/EIEC 

(especially in older children), and Cryptosporidium. Reducing diarrhoea caused by these 

pathogens could have a major impact on lowering the overall prevalence of acute diarrhoeal 

hospitalisations in South African children <5 years old. 

Vaccines should be a priority in developing countries as other measures such as access to clean 

water and proper sanitation are often lacking and difficult to improve over a short period of 

time. So far, vaccines have proven to be the most effective strategy against severe diarrhoea in 

children. Improvements in the effectiveness of the currently licenced rotavirus vaccines, 

development of new rotavirus vaccines and new vaccine schedules, for example, combination 

oral and parenteral vaccines are needed to further reduce the burden of rotavirus diarrhoea. 

Vaccines against Shigella are urgently needed to reduce the burden of diarrhoeal disease in 

older children. In our study, ETEC was not frequently detected and thus vaccines against ETEC 

may be a lower priority in our country compared to other African countries.   

Our study highlights the need to enrol controls at diarrhoea surveillance sites, as this will help 

in estimating the contribution of each pathogen to the burden of diarrhoea in the country.  

Use of the Taqman array card enabled us to investigate a wider range of enteric pathogens than 

conventional methods allowed. Future use of this platform in an ongoing Diarrhoeal 

Surveillance Programme in South Africa would broaden the scope of the surveillance and allow 

us to monitor the prevalence of multiple pathogens. Results of the current study provided 

valuable information in tailoring a Taqman array card to the South African context. We found 

that the prevalence of the helminths was quite low in the study population and these targets 

could potentially be replaced by targets assessing antimicrobial resistance (AMR) or Shigella 

subtypes.  

 

 



60 
 

5. References  

1. World Health Organization. Diarrhoea. [cited 2020 Mar 18]. Available from: 

https://www.who.int/topics/diarrhoea/en/ 

2. Amouzou A, Velez LC, Tarekegn H, Young M. One is too many: ending child deaths from 

pneumonia and diarrhoea. New York: UNICEF. 2016. 

3. Troeger C, Blacker BF, Khalil IA, Rao PC, Cao S, Zimsen SR, Albertson SB, Stanaway JD, 

Deshpande A, Abebe Z, Alvis-Guzman N. Estimates of the global, regional, and national 

morbidity, mortality, and aetiologies of diarrhoea in 195 countries: a systematic analysis for 

the Global Burden of Disease Study 2016. The Lancet Infectious Diseases. 2018 Nov 

1;18(11):1211-28. 

4. Stanaway, J.D., Afshin, A., Gakidou, E., Lim, S.S., Abate, D., Abate, K.H., Abbafati, C., 

Abbasi, N., Abbastabar, H., Abd-Allah, F. and Abdela, J., 2018. Global, regional, and national 

comparative risk assessment of 84 behavioural, environmental and occupational, and metabolic 

risks or clusters of risks for 195 countries and territories, 1990–2017: a systematic analysis for 

the Global Burden of Disease Study 2017. The Lancet, 392(10159), pp.1923-1994. 

5. Carvajal-Vélez L, Amouzou A, Perin J, Maïga A, Tarekegn H, Akinyemi A, Shiferaw S, 

Young M, Bryce J, Newby H. Diarrhea management in children under five in sub-Saharan 

Africa: does the source of care matter? A Countdown analysis. BMC Public Health. 2016 

Dec;16(1):830. 

6. Thiam S, Diène AN, Fuhrimann S, Winkler MS, Sy I, Ndione JA, Schindler C, Vounatsou 

P, Utzinger J, Faye O, Cissé G. Prevalence of diarrhoea and risk factors among children under 

five years old in Mbour, Senegal: a cross-sectional study. Infectious diseases of poverty. 2017 

Dec;6(1):109. 

7. Msemburi W, Pillay-van Wyk V, Dorrington RE, Neethling I, Nannan N, Groenewald P, 

Laubscher R, Joubert J, Matzopoulos R, Nicol E, Nojilana B. Second national burden of disease 

study for South Africa: Cause-of-death profile for South Africa, 1997–2010. Cape Town: South 

African Medical Research Council. 2014:1-23. 

8. Fischer Walker CL, Rudan I, LIU L, NAIR H, THEODORATOU E, BHUTTA ZA, 

O'BRIEN KL, CAMPBELL H, BLACK RE. Childhood Pneumonia and Diarrhoea 1 Global 

burden of childhood pneumonia and diarrhoea. Lancet. 2013;381(9875):1405-16. 



61 
 

9. Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, Parashar UD. 2008 estimate of 

worldwide rotavirus-associated mortality in children younger than 5 years before the 

introduction of universal rotavirus vaccination programmes: a systematic review and meta-

analysis. The Lancet infectious diseases. 2012 Feb 1;12(2):136-41. 

10. De Zoysa I, Feachem RG. Interventions for the control of diarrhoeal diseases among young 

children: rotavirus and cholera immunization. Bulletin of the World Health Organization. 

1985;63(3):569. 

11. Parashar UD, Hummelman EG, Bresee JS, Miller MA, Glass RI. Global illness and deaths 

caused by rotavirus disease in children. Emerging infectious diseases. 2003 May;9(5):565. 

12. Lanata CF, Fischer-Walker CL, Olascoaga AC, Torres CX, Aryee MJ, Black RE. Global 

causes of diarrheal disease mortality in children< 5 years of age: a systematic review. PloS one. 

2013 Sep 4;8(9):e72788. 

13. Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S, Wu Y, 

Sow SO, Sur D, Breiman RF, Faruque AS. Burden and aetiology of diarrhoeal disease in infants 

and young children in developing countries (the Global Enteric Multicenter Study, GEMS): a 

prospective, case-control study. The Lancet. 2013 Jul 20;382(9888):209-22. 

14. Guerrant RL, Kosek M, Moore S, Lorntz B, Brantley R, Lima AA. Magnitude and impact 

of diarrheal diseases. Archives of medical research. 2002 Jul 1;33(4):351-5. 

15. Platts-Mills JA, Babji S, Bodhidatta L, Gratz J, Haque R, Havt A, McCormick BJ, McGrath 

M, Olortegui MP, Samie A, Shakoor S. Pathogen-specific burdens of community diarrhoea in 

developing countries: a multisite birth cohort study (MAL-ED). The Lancet Global health. 

2015 Sep 1;3(9):e564-75. 

16. Awotiwon OF, Pillay‐van Wyk V, Dhansay A, Day C, Bradshaw D. Diarrhoea in children 

under five years of age in South Africa (1997–2014). Tropical Medicine & International 

Health. 2016 Sep;21(9):1060-70. 

17. Das JK, Salam RA, Bhutta ZA. Global burden of childhood diarrhea and interventions. 

Current opinion in infectious diseases. 2014 Oct 1;27(5):451-8. 

18. Seheri LM, Page NA, Mawela MP, Mphahlele MJ, Steele AD. Rotavirus vaccination within 

the South African expanded programme on immunisation. Vaccine. 2012 Sep 7;30:C14-20. 



62 
 

19. Groome MJ, Page N, Cortese MM, Moyes J, Zar HJ, Kapongo CN, Mulligan C, Diedericks 

R, Cohen C, Fleming JA, Seheri M. Effectiveness of monovalent human rotavirus vaccine 

against admission to hospital for acute rotavirus diarrhoea in South African children: a case-

control study. The Lancet Infectious Diseases. 2014 Nov 1;14(11):1096-104. 

20. Mapaseka SL, Dewar JB, Van Der Merwe L, Geyer A, Tumbo J, Zweygarth M, Bos P, 

Esona MD, Duncan Steele A, Sommerfelt H. Prospective hospital-based surveillance to 

estimate rotavirus disease burden in the Gauteng and North West Province of South Africa 

during 2003–2005. Journal of Infectious Diseases. 2010 Sep 1;202(Supplement_1):S131-8. 

21. Msimang VM, Page N, Groome MJ, Moyes J, Cortese MM, Seheri M, Kahn K, Chagan M, 

Madhi SA, Cohen C. Impact of rotavirus vaccine on childhood diarrheal hospitalization after 

introduction into the South African public immunization program. The Pediatric Infectious 

Disease Journal. 2013 Dec 1;32(12):1359-64. 

22. Tate JE, Burton AH, Boschi-Pinto C, Parashar UD, World Health Organization–

Coordinated Global Rotavirus Surveillance Network, Agocs M, Serhan F, de Oliveira L, 

Mwenda JM, Mihigo R, Ranjan Wijesinghe P. Global, regional, and national estimates of 

rotavirus mortality in children< 5 years of age, 2000–2013. Clinical Infectious Diseases. 2016 

May 1;62(suppl_2):S96-105.  

23. Levine MM, Robins-Browne RM. Factors that explain excretion of enteric pathogens by 

persons without diarrhea. Clinical Infectious Diseases. 2012 Dec 15;55(suppl_4):S303-11. 

24. Berendes DM, O'Reilly CE, Kim S, Omore R, Ochieng JB, Ayers T, Fagerli K, Farag TH, 

Nasrin D, Panchalingam S, Nataro JP. Diarrhoea, enteric pathogen detection and nutritional 

indicators among controls in the Global Enteric Multicenter Study, Kenya site: an opportunity 

to understand reference populations in case–control studies of diarrhoea. Epidemiology & 

Infection. 2019;147. 

25. van den Berg RJ, Vaessen N, Endtz HP, Schülin T, van der Vorm ER, Kuijper EJ. 

Evaluation of real-time PCR and conventional diagnostic methods for the detection of 

Clostridium difficile-associated diarrhoea in a prospective multicentre study. Journal of 

medical microbiology. 2007 Jan 1;56(1):36-42. 

26. Ten Hove R, Schuurman T, Kooistra M, Möller L, Van Lieshout L, Verweij JJ. Detection 

of diarrhoea‐causing protozoa in general practice patients in The Netherlands by multiplex real‐

time PCR. Clinical microbiology and infection. 2007 Oct;13(10):1001-7. 



63 
 

27. Liu J, Platts-Mills JA, Juma J, Kabir F, Nkeze J, Okoi C, Operario DJ, Uddin J, Ahmed S, 

Alonso PL, Antonio M. Use of quantitative molecular diagnostic methods to identify causes of 

diarrhoea in children: a reanalysis of the GEMS case-control study. The Lancet. 2016 Sep 

24;388(10051):1291-301. 

28. Breurec S, Vanel N, Bata P, Chartier L, Farra A, Favennec L, Franck T, Giles-Vernick T, 

Gody JC, Nguyen LB, Onambele M. Etiology and epidemiology of diarrhea in hospitalized 

children from low income country: a matched case-control study in Central African Republic. 

PLoS neglected tropical diseases. 2016 Jan 5;10(1):e0004283. 

29. Nair GB, Ramamurthy T, Bhattacharya MK, Krishnan T, Ganguly S, Saha DR, Rajendran 

K, Manna B, Ghosh M, Okamoto K, Takeda Y. Emerging trends in the etiology of enteric 

pathogens as evidenced from an active surveillance of hospitalized diarrhoeal patients in 

Kolkata, India. Gut Pathogens. 2010 Dec;2(1):4. 

30. Payne DC, Vinjé J, Szilagyi PG, Edwards KM, Staat MA, Weinberg GA, Hall CB, Chappell 

J, Bernstein DI, Curns AT, Wikswo M. Norovirus and medically attended gastroenteritis in US 

children. New England journal of medicine. 2013 Mar 21;368(12):1121-30. 

31. Operario DJ, Platts-Mills JA, Nadan S, Page N, Seheri M, Mphahlele J, Praharaj I, Kang 

G, Araujo IT, Leite JP, Cowley D. Etiology of severe acute watery diarrhea in children in the 

global rotavirus surveillance network using quantitative polymerase chain reaction. The 

Journal of infectious diseases. 2017 Jul 15;216(2):220-7. 

32. Iturriza-Gómara M, Jere KC, Hungerford D, Bar-Zeev N, Shioda K, Kanjerwa O, Houpt 

ER, Operario DJ, Wachepa R, Pollock L, Bennett A. Etiology of diarrhea among hospitalized 

children in Blantyre, Malawi, following rotavirus vaccine introduction: a case-control study. 

The Journal of infectious diseases. 2019 Jun 19;220(2):213-8. 

33. Dennehy PH. Transmission of rotavirus and other enteric pathogens in the home. The 

Pediatric infectious disease journal. 2000 Oct 1;19(10):S103-5. 

34. Crawford SE, Ramani S, Tate JE, Parashar UD, Svensson L, Hagbom M, Franco MA, 

Greenberg HB, O'Ryan M, Kang G, Desselberger U. Rotavirus infection. Nature Reviews 

Disease Primers. 2017 Nov 9;3(1):1-6. 

35. Parashar UD, Nelson EA, Kang G. Diagnosis, management, and prevention of rotavirus 

gastroenteritis in children. Bmj. 2013 Dec 30;347:f7204. 



64 
 

36. Staat MA, Payne DC, Halasa N, Weinberg GA, Donauer S, Wikswo M, McNeal M, 

Edwards KM, Szilagyi PG, Bernstein DI, Curns AT. Continued Evidence of the Impact of 

Rotavirus Vaccine in Children Less than 3 Years of Age from the US New Vaccine 

Surveillance Network-a Multi-Site Active Surveillance Program, 2006-2016. Clinical 

Infectious Diseases. 2020 Feb 15. 

37. Jani B, Hokororo A, Mchomvu J, Cortese MM, Kamugisha C, Mujuni D, Kallovya D, 

Parashar UD, Mwenda JM, Lyimo D, Materu A. Detection of rotavirus before and after 

monovalent rotavirus vaccine introduction and vaccine effectiveness among children in 

mainland Tanzania. Vaccine. 2018 Nov 12;36(47):7149-56. 

38. Rahajamanana VL, Raboba JL, Rakotozanany A, Razafindraibe NJ, Andriatahirintsoa EJ, 

Razafindrakoto AC, Mioramalala SA, Razaiarimanga C, Weldegebriel GG, Burnett E, 

Mwenda JM. Impact of rotavirus vaccine on all-cause diarrhea and rotavirus hospitalizations 

in Madagascar. Vaccine. 2018 Nov 12;36(47):7198-204. 

39. Yen C, Tate JE, Hyde TB, Cortese MM, Lopman BA, Jiang B, Glass RI, Parashar UD. 

Rotavirus vaccines: current status and future considerations. Human vaccines & 

immunotherapeutics. 2014 Jun 4;10(6):1436-48. 

40. Dennehy PH. Rotavirus vaccines: an overview. Clinical microbiology reviews. 2008 Jan 

1;21(1):198-208. 

41. Vesikari T, Prymula R, Schuster V. Early protection against rotavirus, Rotarix™(RIX4414) 

experience in a European setting. Int. J. Infect. Dis. 2006 Jun 15;10. 

42. López P, Linhares A, Pérez-Schael I, Ruiz-Palacios G, Costa Clemens S, Sanchez N. Early 

protection against severe rotavirus gastroenteritis–RIX4414 experience in Latin America. In 

24th Annual Meeting of the European Society of Infectious Diseases 2006 May 3 (pp. 3-5). 

43. Msimang VM, Page N, Groome MJ, Moyes J, Cortese MM, Seheri M, Kahn K, Chagan M, 

Madhi SA, Cohen C. Impact of rotavirus vaccine on childhood diarrheal hospitalization after 

introduction into the South African public immunization program. The Pediatric infectious 

disease journal. 2013 Dec 1;32(12):1359-64. 

44. Velasquez DE, Parashar U, Jiang B. Decreased performance of live attenuated, oral 

rotavirus vaccines in low-income settings: causes and contributing factors. Expert review of 

vaccines. 2018 Feb 1;17(2):145-61. 



65 
 

45. Page N. The introduction of rotavirus vaccines into South Africa. South African Family 

Practice. 2006;48(6):57-8. 

46. Seheri M, Nemarude L, Peenze I, Netshifhefhe L, Nyaga MM, Ngobeni HG, Maphalala G, 

Maake LL, Steele AD, Mwenda JM, Mphahlele JM. Update of rotavirus strains circulating in 

Africa from 2007 through 2011. The Pediatric infectious disease journal. 2014 Jan 1;33:S76-

84. 

47. Mahmud-Al-Rafat A, Muktadir A, Muktadir H, Karim M, Maheshwari A, Ahasan MM. 

Rotavirus epidemiology and vaccine demand: considering Bangladesh chapter through the 

book of global disease burden. Infection. 2018 Feb 1;46(1):15-24. 

48. Steele AD, Glass R. Rotavirus in South Africa: From discovery to vaccine introduction. 

Southern African Journal of Epidemiology and Infection. 2011 Jan 1;26(4):184-90. 

49. Mackow ER. Group B and C rotaviruses. Infections of the gastrointestinal tract. 1995:983-

1008 

50. Estes MK, Kapikian AZ, Knipe DM, Howley PM. Rotaviruses. Fields Virology. Eds) 

Knipe DM, Howley PM, Griffin DE, Lamb RA, Martin MA, Roizman B, Straus SE, 

Philadelphia: Kluwer Health/Lippincott, Williams and Wilkins. 2007:1917-74. 

51. Ramani S, Paul A, Saravanabavan A, Menon VK, Arumugam R, Sowmyanarayanan TV, 

Samuel P, Gagandeep K. Rotavirus antigenemia in Indian children with rotavirus 

gastroenteritis and asymptomatic infections. Clinical infectious diseases. 2010 Dec 

1;51(11):1284-9. 

52. Sanchez-Padilla E, Grais RF, Guerin PJ, Steele AD, Burny ME, Luquero FJ. Burden of 

disease and circulating serotypes of rotavirus infection in sub-Saharan Africa: systematic 

review and meta-analysis. The Lancet infectious diseases. 2009 Sep 1;9(9):567-76. 

53. Seheri LM, Magagula NB, Peenze I, Rakau K, Ndadza A, Mwenda JM, Weldegebriel G, 

Steele AD, Mphahlele MJ. Rotavirus strain diversity in Eastern and Southern African countries 

before and after vaccine introduction. Vaccine. 2018 Nov 12;36(47):7222-30. 

54. Santos N, Hoshino Y. Global distribution of rotavirus serotypes/genotypes and its 

implication for the development and implementation of an effective rotavirus vaccine. Reviews 

in medical virology. 2005 Jan;15(1):29-56. 



66 
 

55. Bányai K, László B, Duque J, Steele AD, Nelson EA, Gentsch JR, Parashar UD. Systematic 

review of regional and temporal trends in global rotavirus strain diversity in the pre rotavirus 

vaccine era: insights for understanding the impact of rotavirus vaccination programs. Vaccine. 

2012 Apr 27;30:A122-30. 

56. Grimprel E, Rodrigo C, Desselberger U. Rotavirus disease: impact of coinfections. The 

Pediatric Infectious Disease Journal. 2008 Jan 1;27(1):S3-10. 

57. Njuguna C, Njeru I, Mgamb E, Langat D, Makokha A, Ongore D, Mathenge E, Kariuki S. 

Enteric pathogens and factors associated with acute bloody diarrhoea, Kenya. BMC infectious 

diseases. 2016 Dec;16(1):477. 

58. Unicomb LE, Faruque SM, Malek MA, Faruque AS, Albert MJ. Demonstration of a lack 

of synergistic effect of rotavirus with other diarrheal pathogens on severity of diarrhea in 

children. Journal of clinical microbiology. 1996 May 1;34(5):1340-2. 

59. Bhavnani D, Goldstick JE, Cevallos W, Trueba G, Eisenberg JN. Synergistic effects 

between rotavirus and coinfecting pathogens on diarrheal disease: evidence from a community-

based study in northwestern Ecuador. American journal of epidemiology. 2012 Jul 

25;176(5):387-95. 

60. Langendorf C, Le Hello S, Moumouni A, Gouali M, Mamaty AA, Grais RF, Weill FX, 

Page AL. Enteric bacterial pathogens in children with diarrhea in Niger: diversity and 

antimicrobial resistance. PloS one. 2015 Mar 23;10(3):e0120275. 

61. Steele AD, Peenze I, De Beer MC, Pager CT, Yeats J, Potgieter N, Ramsaroop U, Page 

NA, Mitchell JO, Geyer A, Bos P. Anticipating rotavirus vaccines: epidemiology and 

surveillance of rotavirus in South Africa. Vaccine. 2003 Jan 17;21(5-6):354-60. 

62. Groome MJ, Madhi SA. Five-year cohort study on the burden of hospitalisation for acute 

diarrhoeal disease in African HIV-infected and HIV-uninfected children: potential benefits of 

rotavirus vaccine. Vaccine. 2012 Apr 27;30:A173-8. 

63. Kiulia NM, Nyaundi JK, Peenze I, Nyachieo A, Musoke RN, Steele AD, Mwenda JM. 

Rotavirus infections among HIV-infected children in Nairobi, Kenya. Journal of tropical 

pediatrics. 2009 Mar 10;55(5):318-23. 



67 
 

64. Steele AD, Cunliffe N, Tumbo J, Madhi SA, De Vos B, Bouckenooghe A. A review of 

rotavirus infection in and vaccination of human immunodeficiency virus–infected children. 

The Journal of infectious diseases. 2009 Nov 1;200(Supplement_1):S57-62. 

65. Marinda E, Humphrey JH, Iliff PJ, Mutasa K, Nathoo KJ, Piwoz EG, Moulton LH, Salama 

P, Ward BJ, ZVITAMBO Study Group. Child mortality according to maternal and infant HIV 

status in Zimbabwe. The Pediatric infectious disease journal. 2007 Jun 1;26(6):519-26. 

66. Thea DM, St. Louis ME, Atido U, Kanjinga K, Kembo B, Matondo M, Tshiamala T, 

Kamenga C, Davachi F, Brown C, Rand WM. A prospective study of diarrhea and HIV-1 

infection among 429 Zairian infants. New England Journal of Medicine. 1993 Dec 

2;329(23):1696-702. 

67. Anh DD, Van Trang N, Thiem VD, Anh NT, Mao ND, Wang Y, Jiang B, Hien ND, 

Rotavin-M1 Vaccine Trial Group. A dose-escalation safety and immunogenicity study of a 

new live attenuated human rotavirus vaccine (Rotavin-M1) in Vietnamese children. Vaccine. 

2012 Apr 27;30:A114-21. 

68. Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten M, Louw C, Ngwira B, Victor JC, 

Gillard PH, Cheuvart BB, Han HH. Effect of human rotavirus vaccine on severe diarrhea in 

African infants. New England Journal of Medicine. 2010 Jan 28;362(4):289-98. 

69. Armah G, Lewis KD, Cortese MM, Parashar UD, Ansah A, Gazley L, Victor JC, McNeal 

MM, Binka F, Steele AD. A randomized, controlled trial of the impact of alternative dosing 

schedules on the immune response to human rotavirus vaccine in rural Ghanaian infants. The 

Journal of infectious diseases. 2016 Jun 1;213(11):1678-85. 

70. Ali SA, Kazi AM, Cortese MM, Fleming JA, Parashar UD, Jiang B, McNeal MM, Steele 

D, Bhutta Z, Zaidi A. Impact of different dosing schedules on the immunogenicity of the human 

rotavirus vaccine in infants in Pakistan: a randomized trial. The Journal of infectious diseases. 

2014 Dec 1;210(11):1772-9. 

71. Steele AD, Alexander JJ, Hay IT. Rotavirus-associated gastroenteritis in =-9876in South 

Africa. Journal of clinical microbiology. 1986 May 1;23(5):992-4. 

72. Giaquinto C, Van Damme P, REVEAL Study Group. Age distribution of paediatric 

rotavirus gastroenteritis cases in Europe: the REVEAL† study. Scandinavian journal of 

infectious diseases. 2010 Jan 1;42(2):142-7. 



68 
 

73. Okeke IN. Diarrheagenic Escherichia coli in sub-Saharan Africa: status, uncertainties and 

necessities. The journal of infection in developing countries. 2009 Nov 27;3(11):817-42. 

74. Admassu M, Wubshet M, Tilaye T. Sanitary survey in Gondar town. Ethiopian Journal of 

Health Development. 2003;17(3):215-9. 

75. Randremanana RV, Razafindratsimandresy R, Andriatahina T, Randriamanantena A, 

Ravelomanana L, Randrianirina F, Richard V. Etiologies, risk factors and impact of severe 

diarrhea in the under-fives in Moramanga and Antananarivo, Madagascar. PloS one. 2016 Jul 

13;11(7):e0158862. 

76. World Health Organization. Protecting health from climate change: connecting science, 

policy and people. 

77. Harley D, Bi P, Hall G, Swaminathan A, Tong S, Williams C. Climate change and 

infectious diseases in Australia: future prospects, adaptation options, and research priorities. 

Asia Pacific Journal of Public Health. 2011 Mar;23(2_suppl):54S-66S. 

78. Cairncross S, Feachem R. Environmental Health Engineering in the Tropics: Water, 

Sanitation and Disease Control. Routledge; 2018 Nov 12. 

79. Checkley W, Epstein LD, Gilman RH, Figueroa D, Cama RI, Patz JA, Black RE. Effects 

of EI Niño and ambient temperature on hospital admissions for diarrhoeal diseases in Peruvian 

children. The Lancet. 2000 Feb 5;355(9202):442-50. 

80. Hashizume M, Armstrong B, Hajat S, Wagatsuma Y, Faruque AS, Hayashi T, Sack DA. 

Association between climate variability and hospital visits for non-cholera diarrhoea in 

Bangladesh: effects and vulnerable groups. International journal of epidemiology. 2007 Jul 

30;36(5):1030-7. 

81. Wu J, Yunus M, Streatfield PK, Emch M. Association of climate variability and childhood 

diarrhoeal disease in rural Bangladesh, 2000–2006. Epidemiology & Infection. 2014 

Sep;142(9):1859-68. 

82. Hashizume M, Armstrong B, Wagatsuma Y, Faruque AS, Hayashi T, Sack DA. Rotavirus 

infections and climate variability in Dhaka, Bangladesh: a time-series analysis. Epidemiology 

& Infection. 2008 Sep;136(9):1281-9. 

83. Mujuru HA, Yen C, Nathoo KJ, Gonah NA, Ticklay I, Mukaratirwa A, Berejena C, 

Tapfumanei O, Chindedza K, Rupfutse M, Weldegebriel G. Reduction in Diarrhea-and 



69 
 

Rotavirus-related Healthcare Visits Among Children< 5 Years of Age After National Rotavirus 

Vaccine Introduction in Zimbabwe. The Pediatric infectious disease journal. 2017 

Oct;36(10):995-9. 

84. Premkumar PS, Parashar UD, Gastanaduy PA, McCracken JP, de Oliveira LH, Payne DC, 

Patel MM, Tate JE, Lopman BA. Reduced rotavirus vaccine effectiveness among children born 

during the rotavirus season: a pooled analysis of 5 case-control studies from the Americas. 

Clinical Infectious Diseases. 2014 Dec 1;60(7):1075-8. 

85. Musengimana G, Mukinda F, Machekano R, Mahomed H. Temperature variability and 

occurrence of diarrhoea in children under five-years-old in Cape Town metropolitan sub-

districts. International journal of environmental research and public health. 2016 Aug 

29;13(9):859. 

86. Root GP. Sanitation, community environments, and childhood diarrhoea in rural 

Zimbabwe. Journal of health, population and nutrition. 2001 Jun 1:73-82. 

87. Sire JM, Garin B, Chartier L, Fall NK, Tall A, Seck A, Weill FX, Breurec S, Vray M. 

Community-acquired infectious diarrhoea in children under 5 years of age in Dakar, Senegal. 

Paediatrics and international child health. 2013 Aug 1;33(3):139-44. 

88. Tambe A, Nzefa L, Nicoline N. Childhood diarrhea determinants in sub-Saharan Africa: a 

cross sectional study of Tiko-Cameroon. Challenges. 2015 Dec;6(2):229-43. 

89. Yilgwan CS, Okolo SN. Prevalence of diarrhea disease and risk factors in Jos University 

Teaching Hospital, Nigeria. Annals of African medicine. 2012 Oct 1;11(4):217. 

90. Yongsi HB. Pathogenic microorganisms associated with childhood diarrhea in Low-and-

middle income countries: Case study of Yaoundé–Cameroon. International journal of 

environmental research and public health. 2008 Dec;5(4):213-29. 

91. Bhutta ZA, Das JK. Global burden of childhood diarrhea and pneumonia: what can and 

should be done?. Pediatrics. 2013 Apr 1;131(4):634-6. 

92. Lamberti LM, Walker CL, Noiman A, Victora C, Black RE. Breastfeeding and the risk for 

diarrhea morbidity and mortality. BMC public health. 2011 Dec;11(3):S15. 

93. Geneva SW. The optimal duration of exclusive breastfeeding. A systematic review. Geneva 

WHO. 2001. 



70 
 

94. Das SK, Chisti MJ, Sarker MH, Das J, Ahmed S, Shahunja KM, Nahar S, Gibbons N, 

Ahmed T, Faruque AS, Rahman M. Long-term impact of changing childhood malnutrition on 

rotavirus diarrhoea: Two decades of adjusted association with climate and socio-demographic 

factors from urban Bangladesh. PloS one. 2017 Sep 6;12(9):e0179418. 

95. Feasey NA, Dougan G, Kingsley RA, Heyderman RS, Gordon MA. Invasive non-typhoidal 

salmonella disease: an emerging and neglected tropical disease in Africa. The Lancet. 2012 Jun 

30;379(9835):2489-99. 

96. Motarjemi Y, Käferstein F, Moy G, Quevedo F. Contaminated weaning food: a major risk 

factor for diarrhoea and associated malnutrition. Bulletin of the World Health Organization. 

1993;71(1):79. 

97. Esrey SA. Food contamination and diarrhoea. 1990. 

98. Laxminarayan R, Duse A, Wattal C, Zaidi AK, Wertheim HF, Sumpradit N, Vlieghe E, 

Hara GL, Gould IM, Goossens H, Greko C. Antibiotic resistance—the need for global 

solutions. The Lancet infectious diseases. 2013 Dec 1;13(12):1057-98. 

99. Okeke IN, Laxminarayan R, Bhutta ZA, Duse AG, Jenkins P, O'Brien TF, Pablos-Mendez 

A, Klugman KP. Antimicrobial resistance in developing countries. Part I: recent trends and 

current status. The Lancet infectious diseases. 2005 Aug 1;5(8):481-93. 

100. Djie-Maletz A, Reither K, Danour S, Anyidoho L, Saad E, Danikuu F, Ziniel P, Weitzel 

T, Wagner J, Bienzle U, Stark K. High rate of resistance to locally used antibiotics among 

enteric bacteria from children in Northern Ghana. Journal of antimicrobial chemotherapy. 2008 

Mar 19;61(6):1315-8. 

101. Bercion R, Mossoro-Kpinde D, Manirakiza A, Le Faou A. Increasing prevalence of 

antimicrobial resistance among Enterobacteriaceae uropathogens in Bangui, Central African 

Republic. The Journal of Infection in Developing Countries. 2009 Apr 1;3(03):187-90. 

102. Raji MA, Jamal W, Ojemhen O, Rotimi VO. Point-surveillance of antibiotic resistance in 

Enterobacteriaceae isolates from patients in a Lagos Teaching Hospital, Nigeria. Journal of 

infection and public health. 2013 Dec 1;6(6):431-7. 

103. Tansarli GS, Poulikakos P, Kapaskelis A, Falagas ME. Proportion of extended-spectrum 

β-lactamase (ESBL)-producing isolates among Enterobacteriaceae in Africa: evaluation of the 



71 
 

evidence—systematic review. Journal of Antimicrobial Chemotherapy. 2014 Jan 

6;69(5):1177-84. 

104. Bercion R, Njuimo SP, Boudjeka PM, Manirakiza A. Distribution and antibiotic 

susceptibility of Shigella isolates in Bangui, Central African Republic. Tropical Medicine & 

International Health. 2008 Apr;13(4):468-71. 

105. Sire JM, Macondo EA, Perrier-Gros-Claude JD, Siby T, Bahsoun I, Seck A, Garin B. 

Antimicrobial resistance in Shigella species isolated in Dakar, Senegal (2004-2006). Jpn J 

Infect Dis. 2008 Jul 1;61(4):307-9. 

106. Holt KE, Nga TV, Thanh DP, Vinh H, Kim DW, Tra MP, Campbell JI, Hoang NV, Vinh 

NT, Van Minh P, Thuy CT. Tracking the establishment of local endemic populations of an 

emergent enteric pathogen. Proceedings of the National Academy of Sciences. 2013 Oct 

22;110(43):17522-7. 

107. Mutama R, Mokaya D, Wakibia J. Risk Factors Associated with Diarrhea Disease among 

Children Under-Five Years of Age in Kawangware Slum in Nairobi County, Kenya. Food and 

Public health. 2011;9(1): 1-6. 

108. Mokomane M, Kasvosve I, Melo ED, Pernica JM, Goldfarb DM. The global problem of 

childhood diarrhoeal diseases: emerging strategies in prevention and management. Therapeutic 

advances in infectious disease. 2018 Jan;5(1):29-43. 

109. Patel MM, Widdowson MA, Glass RI, Akazawa K, Vinje J, Parashar UD. Systematic 

literature review of role of noroviruses in sporadic gastroenteritis. Emerging infectious 

diseases. 2008 Aug;14(8):1224. 

110. Bucardo F, Nordgren J, Carlsson B, Paniagua M, Lindgren PE, Espinoza F, Svensson L. 

Pediatric norovirus diarrhea in Nicaragua. Journal of clinical microbiology. 2008 Aug 

1;46(8):2573-80. 

111. Mokomane M, Tate JE, Steenhoff AP, Esona MD, Bowen MD, Lechiile K, Pernica JM, 

Kasvosve I, Parashar UD, Goldfarb DM. Evaluation of the influence of gastrointestinal co-

infections on rotavirus vaccine effectiveness in Botswana. The Pediatric infectious disease 

journal. 2018 Mar;37(3):e58. 



72 
 

112. Liu J, Gratz J, Amour C, Kibiki G, Becker S, Janaki L, Verweij JJ, Taniuchi M, Sobuz 

SU, Haque R, Haverstick DM. A laboratory-developed TaqMan Array Card for simultaneous 

detection of 19 enteropathogens. Journal of clinical microbiology. 2013 Feb 1;51(2):472-80. 

113. Kotloff KL, Winickoff JP, Ivanoff B, Clemens JD, Swerdlow DL, Sansonetti PJ, Adak 

GK, Levine MM. Global burden of Shigella infections: implications for vaccine development 

and implementation of control strategies. Bulletin of the World Health Organization. 

1999;77(8):651. 

114. Becker-Dreps S, Bucardo F, Vilchez S, Zambrana LE, Liu L, Weber DJ, Peña R, Barclay 

L, Vinjé J, Hudgens MG, Nordgren J. Etiology of childhood diarrhea following rotavirus 

vaccine introduction: a prospective, population-based study in Nicaragua. The Pediatric 

infectious disease journal. 2014 Nov;33(11):1156. 

115. Liu J, Gratz J, Amour C, Nshama R, Walongo T, Maro A, Mduma E, Platts-Mills J, Boisen 

N, Nataro J, Haverstick DM. Optimization of quantitative PCR methods for enteropathogen 

detection. PloS one. 2016 Jun 23;11(6):e0158199. 

116. Mapaseka SL, Dewar JB, Van Der Merwe L, Geyer A, Tumbo J, Zweygarth M, Bos P, 

Esona MD, Duncan Steele A, Sommerfelt H. Prospective hospital-based surveillance to 

estimate rotavirus disease burden in the Gauteng and North West Province of South Africa 

during 2003–2005. Journal of Infectious Diseases. 2010 Sep 1;202(Supplement_1):S131-8. 

117. Baron EJ. Conventional versus molecular methods for pathogen detection and the role of 

clinical microbiology in infection control. Journal of clinical microbiology. 2011 Sep 1;49(9 

Supplement):S43-. 

118. Lam JT, Lui E, Chau S, Kueh CS, Yung YK, Yam WC. Evaluation of real-time PCR for 

quantitative detection of Escherichia coli in beach water. Journal of water and health. 2014 

Mar;12(1):51-6. 

119. Hotez PJ, Bundy DA, Beegle K, Brooker S, Drake L, de Silva N, Montresor A, Engels 

D, Jukes M, Chitsulo L, Chow J. Helminth infections: soil-transmitted helminth infections 

and schistosomiasis. InDisease Control Priorities in Developing Countries. 2nd edition 2006. 

The International Bank for Reconstruction and Development/The World Bank. 

120. O’Ryan M. Rotarix™(RIX4414): an oral human rotavirus vaccine. Expert review of 

vaccines. 2007 Feb 1;6(1):11-9. 



73 
 

121. Mani S, Wierzba T, Walker RI. Status of vaccine research and development for Shigella. 

Vaccine. 2016 Jun 3;34(26):2887-94. 

122. Walker CL, Perin J, Aryee MJ, Boschi-Pinto C, Black RE. Diarrhea incidence in low-and 

middle-income countries in 1990 and 2010: a systematic review. BMC public health. 2012 

Dec;12(1):220. 

123. Cortes JE, Curns AT, Tate JE, Cortese MM, Patel MM, Zhou F, Parashar UD. Rotavirus 

vaccine and health care utilization for diarrhea in US children. New England Journal of 

Medicine. 2011 Sep 22;365(12):1108-17. 

124. Glass RI, Parashar UD, Estes MK. Norovirus gastroenteritis. New England Journal of 

Medicine. 2009 Oct 29;361(18):1776-85. 

125. Turcios-Ruiz RM, Axelrod P, John KS, Bullitt E, Donahue J, Robinson N, Friss HE. 

Outbreak of necrotizing enterocolitis caused by norovirus in a neonatal intensive care unit. The 

Journal of pediatrics. 2008 Sep 1;153(3):339-44. 

126. Pang Xl, Joensuu J, Vesikari T. Human calicivirus-associated sporadic gastroenteritis in 

Finnish children less than two years of age followed prospectively during a rotavirus vaccine 

trial. The Pediatric infectious disease journal. 1999 May 1;18(5):420-6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



74 
 

Appendix A: Plagiarism Declaration 

 

 

     
 

 

 

 

 
 

PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE STUDENTS 

SENATE PLAGIARISM POLICY: APPENDIX ONE 

I _Simbulele Onesimo Mdleleni_ (Student number: 1405529_) am a student 

registered for the degree of _Epidemiology__ in the academic year __2018__. 

I hereby declare the following: 

 I am aware that plagiarism (the use of someone else’s work without their permission 

and/or without acknowledging the original source) is wrong. 

 I confirm that the work submitted for assessment for the above degree is my own unaided 

work except where I have explicitly indicated otherwise. 

 I have followed the required conventions in referencing the thoughts and ideas of others. 

 I understand that the University of the Witwatersrand may take disciplinary action against 

me if there is a belief that this is not my own unaided work or that I have failed to 

acknowledge the source of the ideas or words in my writing. 

Signature: ____ ___ Date: 13 October 2020 

 

 

 

 

 

 

 

 

 

 

 

 



75 
 

Appendix B- Prevalence of enteric pathogens stratifies by sex 
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Appendix C- TaqMan Array Card used in the Rotavirus Network 

 
 

 

The TAC card used by the NICD for the Rotavirus Sentinel Surveillance Programme samples 

in 2015 and 2016  was a modification of the TAC card used for the African Rotavirus 

Network. 
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APPENDIX D: Rotavirus surveillance – Parent interview form A 

All potential risk factors that will be used in the analysis are highlighted in the table 

below. 

Rotavirus study number: __ __ - __ __ __ __ __            OR               Sticker                

1.  During the first 4 months of life, 

how was your child fed?  

 Breast milk 

 Formula (never breastfed) 

 Breast milk and formula  

 Unknown 

2.  If older than 4 months: how is 

your child being fed at present? 

(In addition to solids)    

 Breast milk 

 Formula 

 Unknown 

 Breast milk and formula  

 Other: ______________  

 Not applicable 

3.  What is your house made of? 

 

 Bricks 

 Tin/iron sheeting 

 Unknown 

 Mud/traditional   

 Other: ______________

    

4.  How many people sleep in the 

same room as the child (not 

counting the child)? 

 

_____ people 

 

 Unknown 

5.  Do you use any of the following 

for heating and/or cooking in the 

household? (check all that apply) 

 

 Electricity 

 Coal 

 Wood 

 Unknown 

 Gas         

 Paraffin   

 Other: _____________

  

6.  What is the main source of water 

in the household? 

 

 In-door tap water 

 River water 

 Other: _____________ 

 Borehole   

 Outdoor/communal tap 

 Unknown 

7.  What type of toilet do you have at 

the house? 

 

 Flush toilet 

 Bucket system 

 Other: _____________ 

Pit latrine   

 None/ Outdoors  

 Unknown 

8.  Does your child attend a nursery 

or crèche?(at least 2 other 

children for at least 4 hours per 

day, 3 days per week)  

 

 Yes               No 

 

 

 Unknown   

 

9.  What is the highest level of 

education the mother has 

completed? 

 No School 

 Higher education 

 Unknown 

 Schooling: highest grade      

completed ___ ___  

   

10.  Did your child have any of the following symptoms during the current illness? 

10.1  Fever  Yes  No  Unknown  

10.1.1  If yes: Duration ______ days  Unknown 

10.2  Refusal to feed  Yes  No  Unknown  

10.2.1  If yes: Duration ______ days  Unknown 

10.3  Vomiting  Yes  No  Unknown  

10.3.1  If yes: Duration ______ days  Unknown 

10.3.2  Maximum number of episodes 

during any day 

 

______   Unknown 

 

10.4  Diarrhoea  Yes  No  Unknown  

10.4.1  If yes: Duration ______ days  Unknown 

10.4.2  Maximum number of episodes 

during any day 

 

______   Unknown 

 

10.4.3  Did you notice blood in any of the 

stools? 

 

 Yes  No  Unknown 
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APPENDIX E: Rotavirus surveillance – Parent interview form B 

 

Rotavirus study number: __ __ - __ __ __ __ __            OR               Sticker 

14. Did the child receive antibiotic 

before coming to the hospital?  

 Yes, oral antibiotic  Unknown  

 Yes, injection  No 

(skip to 15 if No or 

Unknown) 

14.1 If Yes, number of days on 

antibiotics? 

 

_____ days   Unknown 

 

 

15. Does your child take cotrimoxazole 

(bactrim)? 

 Yes         No  Unknown 

 

(skip to 16 if No or 

Unknown) 

15.1 If Yes, about how long has your 

child been taking it?   

_____ months or ____ weeks 

 Unknown 

 

 

16. Has the child ever been admitted to 

hospital? (Before this admission) 

 Yes         No  Unknown 

 

(skip to 17 if No or 

Unknown) 

 If Yes,   

16.3 Were any of these previous 

admissions for diarrhoea?  

 Yes         No  Unknown 

 

 

17. Has your child ever been diagnosed 

with one of the following chronic 

medical conditions? (before this 

admission) 

 Malnutrition 

 

   

    

 

 

 

18. Did the child’s mother have an HIV 

test during pregnancy? 

 Yes  No   Unknown 

 

(skip to 19 if No 

or Unknown) 

18.1 If Yes, what was the result of the 

latest test? 

 Positive  Negative  Unknown  

19. Has the child ever been tested for 

HIV? 

 Yes  No   Unknown 

 

(skip to end if 

No / Unknown) 

19.1 If Yes, What was the result?   Positive  Negative  Unknown (skip to end if 

Neg / 

Unknown) 
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APPENDIX F: Rotavirus surveillance – RTHC / Vaccination history 

Rotavirus study number: __ __ - __ __ __ __ __            OR               Sticker 

Copy the following information from the card, if no RTHC available, ask person 

completing interview 

1.  Date of Birth (dd/mm/yy) __ __ / __ __ / 20__ __  Unknown 

1.1  If DOB unknown, enter age in 

months: 

__________  

2.  Birth weight ___ . ___ ___ kg  Unknown 

3.  Gestational age ___ ___ weeks  Unknown 

3.1  If gestational age unknown  Term    

 Premature (<37 weeks) 

 Unknown 

3.2  ROTAVIRUS 1 __ __ / __ __ / 2 0 __ __    Not given  

  2 __ __ / __ __ / 2 0 __ __    Not given  
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APPENDIX G: Rotavirus surveillance – Medical records 

 

 

 

 

 

 

 

  

1.  Sex  Male   Female 

2.  Date of admission  ___ ___ / ___ ___ / 2 0 ___ ___ (dd/mm/yyyy) 

3.  Race  Asian/Indian     Black      White  Coloured 

4.  Admission weight __ __ . __  kg 

5.  Temperature  __ __ . __  °C  

6.  Level of dehydration 

as assessed by the 

clinician on 

admission 

 Not dehydrated    1-5% (mild)   

  ≥ 6% (moderate/severe)   Not recorded 

7.  Presence of oedema  Yes    No                    Not recorded 

8.  Did the child receive: 

IV fluids for 

rehydration 

Antibiotics 

 

 Yes    No 

 Yes    No 

  

 Outcome Summary – to be obtained on all participants when discharged. 

9.  Outcome of child  Discharged               

 Died      

Refused Hospital Treatment  

Transferred to another hospital 

10.  Date of discharge/ 

death/ transfer  

___ ___ / ___ ___ / 2 0 ___ ___ (dd/mm/yyyy) 



81 
 

APPENDIX H: List of Variables 

Parent Interview Form A 

1. Feeding at four months:  Breast milk, Breast milk and formula, formula (never breast 

feed), Unknown 

2. Feeding at >4months: Breast milk, Breast milk and formula, formula (never breast 

feed), Unknown, Other, Not applicable 

3. House material: Bricks, Tin/Iron sheets/ Mud/traditional, Unknown, Other 

4. Number of people sharing bedroom with child: number of people, Unknown 

5. Heating technique: Electricity, Gas, Coal, Paraffin, Wood, Unknown, Other 

6. Source of water: Indoor tap water, Borehole, River water, outdoor/communal tap, 

Unknown, Other 

7. Type of toilet: Flush toilet, Pit latrine, Bucket system, None/Outdoors, Unknown, 

Other 

8. Creche attendance: Yes, No, Unknown 

9. Mother level of education: No schooling, Schooling (highest grade completed), 

Higher education, Unknown 

10. Symptoms experienced by child:  

11. Fever: Yes, No, Unknown 

12. If yes, duration? 

13. Refusal to feed: Yes, No, Unknown 

14. If yes, duration? 

15. Vomiting: Yes, No, Unknown 

16. If yes, duration? 

17. Diarrhoea: Yes, No, Unknown 

18. If yes, duration? 

19. Season of birth 

20. Season of admission 

Rotavirus Surveillance –Parent Interview Form B 

21. Antibiotic before hospitalisation: Yes, oral antibiotic, Yes, injection, Unknown, No 

22. Child admitted to hospital before: Yes, No, Unknown 

23. Has child been ever diagnosed of malnutrition 

Rotavirus Surveillance – RTHC/ Vaccination History 

24. Age 

25. Number of rotavirus doses received by child: 0, 1, 2 

Rotavirus Surveillance – Medical Records 

26. Sex: Male, Female 

27. Admission date: (dd/mm/yyyy) 

28. Race: Asian/Indian, Black, White, Coloured 

29. Level of dehydration: Not hydrated, 1-5% (mild), ≥ 6 (moderate/severe), not recorded  

30. Outcome of child:  Date of discharge/death/transfer                                           
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APPENDIX I:  Permission to use data for secondary analysis- 

Protocol Title: Rotavirus Sentinel Surveillance Programme (RSSP) 
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APPENDIX J: Permission to use data for secondary analysis 

Protocol Title: Surveillance on pathogen-specific causes of pneumonia and diarrhea 

hospitalization in children (Pneumogastro surveillance) 
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APPENDIX K: Final Ethics Approval- Rotavirus Sentinel Surveillance Programme 

Clearance Certificate No: M091018 
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APPENDIX L: Current Study Ethics Clearance-  

Clearance Certificate No: M181171 



86 
 

Appendix M: Report rom TurnItIn 

 


