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Summary 

 

Healthcare-associated infection (HAI) is the most frequent complication of hospitalization 

resulting in suffering, excess mortality and increased healthcare costs. Although paediatric HAI 

burden and impact is well-described in high-income countries, it is largely unquantified in 

Africa. Our research aimed to: (i) comprehensively describe the epidemiology and impact of 

HAI and HA-bloodstream infections in an African cohort of hospitalized children; (ii) establish 

appropriate HAI surveillance methods for our setting; (iii) investigate selected local 

determinants of paediatric HAI (including healthcare worker HAI-related knowledge, attitudes 

and practices, isolation facility utilization and terminal cleaning practices). 

 

In a retrospective analysis of paediatric bloodstream infection trends at Tygerberg Hospital, we 

reported the highest estimate of HA-bloodstream infections rates among African children to 

date. HIV-infection, HA-bloodstream infection, fungal and Gram-negative pathogens were 

important predictors of bloodstream infection-associated mortality.   

 

We conducted prospective clinical surveillance in paediatric wards and the intensive care unit 

at Tygerberg Children’s Hospital. HAI incidence (31/1000 patient days) exceeded published 

rates in high and low-middle income countries, with highest infection density in the paediatric 

intensive care unit (94/1000 patient days). Children experiencing HAI events were young 

(median 8.4 months), more likely to be malnourished, HIV-exposed uninfected or HIV-infected 

and to have pre-existing co-morbidities. Hospital-acquired pneumonia, bloodstream and 

urinary tract infections predominated. The increased odds for HAI in HIV-exposed uninfected 

and HIV-infected children is a novel association. Two-thirds of in-patient mortality was 

associated with HAI and patients with any HAI event had a 6-fold increase in crude mortality. 

Patients experiencing HAI had 3-fold higher rates of re-hospitalization within 30 days. Direct 

costs of HAI were substantial; mean duration of hospitalization, bed availability, antimicrobial 

consumption and laboratory investigation usage were significantly impacted by HAI.  

 

Although prospective clinical HAI surveillance is considered the reference standard, its use in 

Africa is limited by lack of resources and expertise. We compared the performance of three 

alternate HAI surveillance methods (point prevalence surveys [PPS],  laboratory surveillance 
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and tracking of antimicrobial prescriptions) using the prospectively collected paediatric HAI 

dataset as the reference standard.  Although repeated PPS, laboratory and antimicrobial 

prescription tracking were demonstrated to be feasible HAI surveillance methods, a 

combination of laboratory-antimicrobial surveillance achieved best sensitivity (85%) and 

positive predictive value (97%), and required fewer resources to perform. South African 

paediatric healthcare facilities should individualise HAI surveillance, selecting a method suited 

to available resources and practice context.  

 

We identified a shortage of isolation facilities and sub-optimal identification of patients 

requiring isolation as potential contributors to infection transmission. The need for negative-

pressure ventilation and airborne isolation facilities on children’s wards in TB-endemic settings 

was also highlighted. For terminal cleaning of paediatric isolation rooms we investigated three 

evaluation methods; fluorescent markers emerged as most cost-effective and feasible for our 

resource-limited setting. Finally, we surveyed two-thirds of our paediatric department’s staff 

regarding their knowledge, attitudes and practices related to HAI, identifying several 

knowledge gaps and opportunities for improved infection prevention practice.  

 

Owing to the extreme paucity of data, paediatric HAI in Africa remains an underappreciated 

and underfunded public health problem. We believe that this doctoral research dissertation 

provides unequivocal justification for greater resource allocation to HAI surveillance and 

prevention programmes for hospitalized African children.   
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Opsomming 

 

Gesondheidsorgverwante infeksie (GVI) is die mees algemene komplikasie van hospitalisasie 

en kan lyding, sterftes en verhoogde gesondheidsorgkoste tot gevolg hë. Alhoewel die omvang 

en impak van pediatriese GVI omvattend in hoë-inkomste lande beskryf is, is die voorkoms van 

GVI in Afrika grootliks onbekend. Ons navorsingsdoelwitte het die volgende ingesluit: (i) om 

volledig die epidemiologie en impak van GVI en gesondheidsorgverwante (GV)-bloedstroom-

infeksies in ‘n groep gehospitaliseerde Afrika-kinders te beskryf ; (ii) om toepaslike GVI-

waarnemingstoesigmetodes vir ons omgewing te identifiseer; en (iii) om plaaslike oorsake van 

pediatriese GVI te ondersoek (insluitend gesondheidswerkers se GVI-verwante kennis, 

houdings en praktyke, en benutting van isolasiefasiliteite en terminale skoonmaakpraktyke).   

 

In 'n retrospektiewe ontleding van tendense in pediatriese bloedstroominfeksies by Tygerberg 

Kinderhospitaal het ons die hoogste beraming tot op hede van GV-bloedstroom-

infeksiekoerse  onder Afrika-kinders gedokumenteer. Die teenwoordigheid van MIV-infeksie, 

GV-bloedstroominfeksies, swamme en Gram-negatiewe organismes het 'n belangrike 

voorspellingswaarde gehad tot sterftes verwant aan bloedstroominfeksies.  

 

Ons het prospektiewe kliniese waarneming vir GVI in die pediatriese sale en 

intensiewesorgeenheid van Tygerberg Kinderhospitaal gedoen. Die GVI-koers (31/1000 

pasiëntdae) was hoër as dié van gepubliseerde GVI-koerse in hoë en lae-middel-inkomstelande, 

met die hoogste infeksiedigtheid in die intensiewesorgeenheid (94/1000 pasiëntdae). Kinders 

met GVI-episodes was jonk (mediaan van 8.4 maande), meer geneig tot wanvoeding, MIV-

blootgestel (geïnfekteerd en nie-geïnfekteerd) en het meer onderliggende siektetoestande 

gehad. Hospitaalverworwe longontsteking, bloedstroom- en urienweginfeksies was die mees 

algemene GVI’s wat voorgekom het. Die verwantskap tussen 'n verhoogde kans op GVI en MIV-

blootgestelde, ongeïnfekteerde en MIV-geïnfekteerde kinders is 'n nuwe bevinding. Twee-

derdes van binne-pasiëntsterftes het verband gehou met GVI en daar was 'n sesvoudige 

toename in die onverwerkte sterftesyfer van pasiënte met 'n  GVI-episode. Pasiënte met GVI 

het ˈn drievoudige hoër risiko vir hertoelating binne 30 dae tot die hospitaal gehad. Die direkte 

koste verbonde aan 'n GVI was aansienlik; GVI het die gemiddelde duur van hospitalisasie, 

beskikbaarheid van beddens, verbruik van antimikrobiese middels en laboratorium-

ondersoeke aansienlik beïnvloed.  
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Hoewel prospektiewe kliniese GVI-waarneming as die standaardmetode van waarneming 

beskou word, word die gebruik daarvan in Afrika beperk deur ‘n tekort aan hulpbronne en 

kundigheid. Ons het die resultate van drie verskillende GVI-waarnemingsmetodes 

(tydstipvoorkomsstudies, laboratorium-gebaseerde GVI-waarneming en die monitering van 

uitgereikte antibiotika-voorskrifte) teen data opgeweeg wat deur middel van die 

standaardmetode van prospektief-ingesamelde pediatriese GVI-waarneming ingesamel is. 

Alhoewel herhaalde tydstipvoorkomsstudies, laboratorium-gebaseerde waarneming en die 

monitering van uitgereikte antibiotika-voorskrifte almal haalbare GVI-waarnemingsmetodes 

was, het ‘n kombinasie van laboratorium-gebaseerde waarneming en monitering van 

uitgereikte antibiotika-voorskrifte die hoogste sensitiwiteit (85%) en positiewe voor-

spellingswaarde (97%) gehad. Minder hulpbronne was ook nodig met die kombinasie van 

hierdie twee GVI-waarnemingsmetodes. Suid-Afrikaanse pediatriese gesondheidssorgs-

fasiliteite moet GVI-waarneming individualiseer en aanpas na gelang van beskikbare 

hulpbronne en die konteks waarbinne gesondheidsorg verleen word. 

 

Ons het ‘n tekort aan isolasiefasiliteite, asook die gebrek aan identifisering van pasiënte wat 

isolasie benodig, geïdentifiseer as moontlike faktore wat kon bydra tot die verspreiding van 

infeksies. Daar is ook klem gelê op die behoefte aan negatiewe druk ventilasie vir die 

voorkoming van lugoordraagbare infeksies in kindersale waar tuberkulose endemies is. Ons 

het drie tegnieke ondersoek vir die evaluering van terminale skoonmaak van pediatriese 

isolasiekamers; fluoressentmerkers was die koste-effektiefste en ook die mees haalbare 

metode vir ons omgewing met beperkte hulpbronne. Ten slotte het ons twee derdes van ons 

pediatriese departement se personeellede oor hulle kennis, houdings en praktyke met 

betrekkig tot GVI uitgevra. In die proses het ons verskeie areas geidentifiseer waar kennis 

tekort skiet, asook areas waar infeksievoorkomingspraktyke verbeter kan word.  

 

As gevolg van 'n groot leemte in pediatriese GVI data in Afrika, bly dit ˈn openbare 

gesondheidsprobleem wat onvoldoende aandag en beperkte befondsing ontvang. Ons glo dat 

hierdie doktorale navorsing onomwonde bewys hoekom meer fondse bewillig moet word vir 

GVI-waarneming en voorkomingsprogramme vir gehospitaliseerde kinders in Afrikalande. 
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Chapter 1 

 

Introduction 

 

Healthcare-associated infection at Tygerberg Children’s Hospital: a clinical vignette 

 

A previously well and thriving, HIV-negative 16-month old female child presented to a 

district hospital with a short history of breathlessness and fever. She was diagnosed with 

community-acquired pneumonia and given supplemental oxygen and intravenous ampicillin 

for seven days. Following clinical deterioration with respiratory failure at the district 

hospital, she was intubated and transferred to Tygerberg Children’s Hospital (TCH) 

paediatric intensive care unit (PICU) for ventilation.  

On arrival she had cardiac failure, attributed to a dilated cardiomyopathy (diagnosed by 

echocardiogram) with bronchopneumonic changes on chest radiograph.   Her PICU 

management included diuresis, inotropic support (via a subclavian central venous catheter 

[CVC]), blood transfusion, intermittent positive pressure ventilation and intravenous 

cefotaxime. Despite improvement in her cardiopulmonary status, she developed low-grade 

fever, increased white cell count and raised C-reactive protein levels on Day five in PICU. 

Meropenem and vancomycin were empirically commenced for suspected nosocomial sepsis. 

Paired blood cultures from the CVC and a peripheral blood draw cultured Candida albicans 

and Klebsiella pneumoniae (an extended spectrum β-lactamase producing strain). The CVC 

was removed and targeted antimicrobial therapy was initiated with intravenous fluconazole 

for 14 days and meropenem for seven days. A nasopharyngeal aspirate had tested positive 

for respiratory syncytial virus B (on admission tracheal aspirate specimens for respiratory 

viruses were negative by polymerase chain reaction [PCR]). Her condition improved steadily 

and she was weaned from mechanical ventilation to nasal continuous positive airways 

pressure (nCPAP) for a further six days in the high care unit.  

On Day 16 of admission she again deteriorated, exhibiting high-grade fever, dyspnoea and 

increasing oxygen requirement. She was restarted on nCPAP, recultured and commenced 

empirically on ertapenem for suspected hospital-acquired pneumonia. Chest radiograph 

confirmed new pulmonary infiltrates bilaterally and three nasopharyngeal swab specimens 
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revealed adenovirus on PCR testing. Despite initial improvement, she became increasingly 

unstable, requiring inotropic support and ventilation. A peripheral blood culture submitted 

shortly before her demise (on Day 27 of admission) isolated Serratia marcescens.   

 

Healthcare-associated infection in children  

Healthcare-associated infections (HAI) cause suffering, excess mortality and increased 

healthcare costs.1-3 HAI may occur during hospitalization (>48 hours after admission) or 

develop after hospital discharge. The spectrum of HAI is broad including bloodstream, 

surgical site, respiratory tract and device-associated infections, among others.4 Although 

paediatric HAI burden and impact is well-described in high-income countries5-8, HAI 

among hospitalized African children remain largely unquantified.  

 

Prospective clinical surveillance for HAI is seldom undertaken in Africa owing to an 

absence of national surveillance programmes, lack of healthcare epidemiology expertise 

and competing health priorities.9,10  In a meta-analysis of HAI burden in developing 

countries, the World Health Organisation (WHO) could only identify three studies of 

paediatric HAI published from Africa between 1995 and 2008 (none were from South 

Africa).9 Many studies were of low-quality, reporting retrospective, laboratory-based or 

point prevalence data only.9 In addition, HAI studies from low-middle income countries 

(LMIC) often focus mostly on intensive care (ICU)11-15 and neonatal16-19 settings with 

limited descriptions of paediatric HAI.20-23 Furthermore, important risk factors for 

paediatric HAI transmission in Africa such as the impact of endemic HIV/TB and limited 

isolation facilities, are unexplored.10 Even in the comparatively well-resourced South 

African context, paediatric HAI surveillance data was last published two decades ago.24 

Epidemiological data on antimicrobial resistance patterns in South Africa is somewhat 

better described25,26 but local HAI data to inform antimicrobial regimens is limited.  A 

further limitation of these laboratory datasets is that they represent pooled community- 

and hospital-acquired isolates and combined neonatal, paediatric and adult data.  
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Research outline 

The central theme of this dissertation is the “Determinants of HAI in hospitalized South 

African children.” We aimed to: (i) comprehensively describe the burden, spectrum and 

impact of paediatric HAI and HA-bloodstream infection at Tygerberg Children’s Hospital; 

(ii) determine suitable HAI surveillance methods for South African paediatric wards and 

(iii) investigate selected local determinants of paediatric HAI (including healthcare 

worker HAI-related knowledge, attitudes and practices, isolation facility utilization and 

terminal cleaning practices). Six hypotheses and their related publications comprise this 

dissertation. 

 

Burden, spectrum, risk factors for and impact of paediatric HAI (Chapter 2)  

The most recent South African study to report prospective, “whole-house” surveillance of 

paediatric HAI was published from the country’s largest hospital, Chris Hani Baragwanath 

hospital in Soweto in 1987 (prior to the onset of the HIV epidemic). Cotton et al 

documented HAI prevalence of 14.3% with a predominance of HA-respiratory tract 

infections and gastroenteritis.24 A paediatric intensive care unit (PICU) at King Edward 

Hospital in Durban determined HAI prevalence rates of 43%12; both studies identified S. 

aureus and K. pneumoniae as the predominant nosocomial pathogens.  In 2005, a one-day 

HAI point prevalence study (PPS) of 2652 adult and paediatric patients at 6 hospitals 

established a prevalence of 9.7% for four HAI types: bloodstream (BSI), urinary tract 

(UTI), respiratory tract (RTI) and surgical site (SSI) infection. HAI prevalence among 

children was 16.5%,  with paediatric patients experiencing higher rates of BSI and RTI.27,28 

  

In comparison, data from the WHO meta-analysis of HAI in LMIC showed pooled 

paediatric HAI incidence of 5.7% (95% CI 2.3 - 13.1) in South America.9  Recent point 

prevalence studies of paediatric HAI have produced burden estimates of 3-4% from high 

income settings.5,6 The profile of HAI in hospitalized children differs from that of adult 

populations, with a relative predominance of bloodstream infections (BSI) and hospital-

acquired pneumonia (HAP). Although a wealth of published data exists for community-

acquired bloodstream infections, data on nosocomial BSI in African children is scarce.9 

Recent data on hospital-acquired bacteraemia rates in Kenya report a rate of 1.0 BSI per 
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1000 patient days29; 7.0 BSI per 1000 patient days have been reported from a Tunisian 

paediatric intensive care unit.30  

 

Studies reporting risk factors for paediatric HAI in LMIC are also limited.21,23,29 Although 

some risk factors for HAI are common to children globally e.g. prematurity, prolonged 

hospitalization, presence of indwelling devices and malnutrition, others of regional 

relevance are unexplored e.g. HIV status. From the limited, and dated pool of South African 

paediatric HAI literature, severe malnutrition, prolonged hospitalization and black 

ethnicity were significant risk factors for all HAI types and thrombophlebitis was a risk 

factor for nosocomial bacteraemia.12,24  

 

Although most LMIC paediatric HAI studies report prolonged hospitalization and 

increased mortality, estimations of HAI-associated cost to the health system are rare. 

Detailed information on the burden, impact and economic consequences of HAI are 

needed to raise awareness and motivate for funding of HAI surveillance and prevention 

programmes in LMIC. Therefore, we proposed two hypotheses for HAI characterization 

at Tygerberg Children’s Hospital (TCH):  

Hypothesis 1. The burden of HAI among hospitalized children at TCH exceeds that of 

high-income countries;  

Hypothesis 2. HA-BSI rates at TCH exceed those of high-income countries.   

 

Surveillance methods for paediatric HAI (Chapter 3) 

HAI surveillance is a key component of effective infection prevention and control (IPC) 

programmes, facilitating evaluation of prevention efforts and allowing for comparison of 

HAI rates (benchmarking) at different healthcare facilities. Benchmarking is an 

increasingly used tool for evaluation of internal performance (comparing current and 

historic HAI rates at the same institution) and external performance (comparing local 

data to national or international rates). Benchmarking has several limitations though, 

mostly related to variance in surveillance definitions/methodologies used and 

heterogeneity in facility size, services and patient populations. One approach that adjusts 

for risk of confounding is use of a Standardized Infection Ratios (SIR) that compare the 
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total number of locally-reported HAI with a national benchmark based on previously 

reported data. 

 

Despite ongoing advancement of HAI surveillance methods and reporting globally, few 

LMIC healthcare facilities have the resources to perform comprehensive HAI 

surveillance.31-33 The paucity of data on incidence, spectrum and local determinants of 

HAI also impedes development of appropriate IP interventions. Given these constraints, 

many LMIC institutions perform continuous retrospective laboratory-based HAI 

surveillance, repeated HAI point prevalence studies (PPS) or limited prospective 

surveillance for device-associated HAI in ICU settings only.27,34,35 

 

The Tygerberg Hospital’s Unit for Infection Prevention and Control (UIPC) conducts 

limited institution-wide HAI surveillance (including paediatric/neonatal wards) 

reporting quarterly rates of laboratory-confirmed BSI for six bacterial pathogens only: 

methicillin-resistant S. aureus; P. aeruginosa; A. baumannii; S. marcescens; E. cloacae and 

Klebsiella spp. Although data is reported by ward and department, there is no distinction 

between community-acquired, healthcare-associated and hospital-acquired pathogens in 

the aggregated dataset and infection rate. There is no clinical or prospective HAI 

surveillance programme and no implementation of care bundles to prevent device-

associated infections in the PICU (although implementation of a ventilator-associated 

pneumonia [VAP] bundle is in progress). The true burden and spectrum of paediatric HAI 

(particularly that from viral pathogens) is thus likely to be grossly underestimated. In 

addition, antimicrobial usage for HAI and pooled data on resistance phenotypes of 

nosocomial pathogens are not routinely measured or reported. Therefore we developed 

2 hypotheses and devised a study to determine which HAI surveillance method would be 

suitable for future implementation on the paediatric wards and PICU at TCH:  

Hypothesis 3a. Clinical HAI surveillance at TCH will result in a doubling of paediatric HAI 

prevalence compared with current laboratory surveillance;  

Hypothesis 3b. Repeated point prevalence studies (PPS) and/or monitoring of 

antimicrobial prescriptions and/or expanded laboratory surveillance for HAI are viable 

alternatives to prospective, continuous clinical HAI surveillance.  
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Paediatric isolation facilities: utilization and terminal cleaning (Chapter 4) 

Patient isolation or cohorting is a commonly used strategy for limiting transmission of 

(usually antimicrobial resistant) infections in hospital.36 Paediatric wards in many high-

income settings have multiple single-bedded rooms to reduce potential for cross-

contamination through shared equipment and staff contact. In addition, most United 

States children’s hospitals provide for airborne isolation, with a median of four negative 

pressure ventilation rooms in each paediatric emergency department.37 Most LMIC 

paediatric wards have multi-bedded, cohort nursing areas but lack isolation rooms.10,31 

Although TCH has some provision for paediatric isolation (including a 6-bed airborne 

isolation unit built in 2013), the current number of single beds is insufficient for the large 

burden of community-acquired and HA-infections encountered. We postulate that 

transmission of HAI may be exacerbated by the shortage of isolation facilities and 

preponderance of infectious diseases in LMIC settings. There is however no reported 

literature from African settings regarding utilization of paediatric isolation facilities.  

Hypothesis 4. TCH has insufficient provision and/or inappropriate utilization of 

paediatric isolation facilities. 

 

The risk of pathogen transmission following ineffective environmental cleaning of 

isolation facilities is well-recognized.38-42 Many studies demonstrate that improved 

environmental cleaning can reduce transmission risk or curb hospital outbreaks.40,43,44 

Several methods for assessing efficacy of environmental cleaning have been evaluated 

including quantitative microbiological cultures, fluorescent markers and ATP 

bioluminescence. These techniques are useful not only to evaluate cleaning adequacy, but 

also as a means to provide training and ongoing feedback to cleaning personnel.45-48 

Adequacy of environmental cleaning of paediatric isolation rooms and its potential role 

in HAI transmission at TCH has not been previously evaluated.  

Hypothesis 5. Inadequate cleaning of paediatric isolation facilities may contribute to HAI 

transmission at TCH.  

 

Knowledge, attitudes and practices regarding HAI (Chapter 5) 

Several studies have documented infection prevention-related knowledge among LMIC 

healthcare providers demonstrating deficits or misconceptions of standard precautions,  
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personal protective equipment use and hand hygiene methods.49-52 There are fewer data 

describing healthcare providers’ knowledge, attitudes and reported IPC practices (KAP) 

regarding HAI53,54, although several surveys of medical students have been conducted.55-

57 A single study of African paediatric healthcare providers’ HAI-related KAP was 

identified from an Egyptian PICU.58 Robust data on the knowledge, attitudes and practices 

of TCH paediatric staff regarding HAI will inform development of targeted IPC training 

interventions. 

Hypothesis 6. Paediatric healthcare providers at TCH underestimate HAI burden and 

may demonstrate attitudes and clinical practices which influence HAI development.  

 

Stellenbosch University  https://scholar.sun.ac.za



8 

 

Chapter 2 

 

Burden and impact of paediatric healthcare-associated infection 

 

Dramowski A, Whitelaw A, Cotton MF. Burden, spectrum and impact of healthcare-

associated infection at a South African children’s hospital. J Hosp Infect. 

2016;94:364-72. 

 

Healthcare-associated infection (HAI) complicates between 4-8% of paediatric 

hospitalization episodes in high-income countries.5,6,59-61 Ironically, very little is known 

about the frequency, spectrum and impact of paediatric HAI in low-resource, high 

infectious disease burden settings. A systematic review of HAI data from low-middle 

income countries (LMIC) identified no studies reporting paediatric HAI data from Sub-

Saharan Africa between 1995 and 2008.9    

Given the extreme paucity of information on paediatric HAI epidemiology in Africa, we 

conducted prospective clinical HAI surveillance at Tygerberg Children’s Hospital using 

2013 Centers for Disease Control criteria. We documented extremely high HAI incidence 

rates (with a quadrupling of infection rates in the paediatric intensive care unit [PICU]). 

Predominant infection types were hospital-acquired pneumonia, bloodstream and 

urinary tract infections, although device-associated infections were an important 

contributor to HAI in the PICU. A novel finding of this study was the increased risk of 

developing HAI among HIV-exposed and HIV-infected children (a previously undescribed 

risk factor for HAI of relevance in Sub-Saharan Africa). Two-thirds of all in-patient 

mortality occurred in association with HAI; patients with any HAI event had a 6-fold 

increase in crude mortality rate. Patients experiencing HAI also had 3-fold higher rates of 

hospital readmission within 30 days.  We provided the first economic evaluation of HAI-

related costs at our institution, as well as the impact on hospital stay, antimicrobial and 

laboratory investigation use in paediatric wards.  

This study highlights the substantial but underappreciated burden of HAI in hospitalized 

African children and provides strong motivation for the establishment of HAI surveillance 

and prevention programmes in Sub-Saharan Africa.  
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Dramowski A, Cotton MF, Rabie H, Whitelaw A. Trends in paediatric bloodstream 

infections at a South African referral hospital. BMC Pediatr. 2015(2);15:33. 

 

Bloodstream infections (BSI) are a leading contributor to the spectrum of paediatric HAI, in 

contrast to adult populations where surgical site infections predominate.2,5,6 Despite the major 

sequelae of these infections for both patients and the healthcare system, few African 

institutions have reported on the epidemiology of nosocomial BSI in children.29,30 Another 

major knowledge gap is the impact of expanded immunization programmes and the evolving 

HIV epidemic on nosocomial BSI epidemiology.  

We retrospectively analyzed microbiology laboratory blood culture data from paediatric wards 

at Tygerberg Childrens’ Hospital (2008-2013) to determine BSI rates (community- versus 

hospital-acquired) and trends in pathogen spectrum, antimicrobial resistance (AMR) and 

patient outcome. We demonstrated declining BSI rates and pathogen yield, but significant 

increases in blood culture contamination, suggesting a need for quality improvement in blood 

culture sampling practices. Nosocomial BSI was frequent (404 [47%] vs 460 [53%] episodes of 

community-acquired BSI) with an infection rate exceeding the only other published data on 

paediatric nosocomial BSI29 from a low HIV-prevalence cohort (1.6 vs 1.0 episodes/1000 

patient days). BSI-related mortality was high (20.4%), and associated with HIV-infection (OR 

1.7), HA-BSI (OR 1.4), fungal (OR 2.1) and Gram-negative pathogens (OR 1.9). 

Gram-negative BSI (primarily Enterobacteriaceae) predominated (60%), with significantly 

increased odds of exhibiting an AMR phenotype (OR 3.7). Among Gram-positive pathogens, S. 

aureus remained dominant, whereas S. pneumoniae BSI rates declined significantly. AMR rates 

were significantly higher among HA- vs community-acquired BSI isolates for S. aureus and A. 

baumannii, whereas extended spectrum β-lactamase (ESBL) carriage rates were similar among 

HA- and community-acquired K. pneumoniae and E. coli BSI isolates; there was no significant 

change in overall AMR prevalence during the study period. Analysis of HA-BSI antibiotic 

susceptibility demonstrated greatest in vitro coverage with a regimen including meropenem 

and amikacin.  

This study provided the first detailed analysis of paediatric BSI epidemiology and trends at our 

institution, demonstrating the impact of improved vaccination coverage and ongoing 

advancement in HIV prevention and treatment programmes.  
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Chapter 3 

 

Surveillance methods for paediatric healthcare-associated infection 

 

Dramowski A, Cotton M, Whitelaw A. Surveillance of healthcare-associated infection in 

hospitalized South African children: which method performs best? S Afr Med J. 

2017;107(1):56-63. 

Accurate surveillance estimates of HAI burden in low-middle income countries are lacking, 

partly because of the significant resources and skills required.9,10 In 2012, HAI surveillance 

became mandatory at all South African healthcare facilities, but no recommendations of 

surveillance method/s were provided by the Department of Health.62 We compared the 

performance of three HAI surveillance methods (repeated point prevalence surveys [PPS], 

laboratory surveillance and tracking of antimicrobial prescriptions) using the prospectively 

collected HAI dataset (chapter 2) as the reference standard.   

 

PPS are an attractive, low-cost method of HAI surveillance, which can provide estimation of HAI 

trends when repeated at regular intervals. We found, however that PPS (repeated monthly)  

had poor sensitivity for HAI detection in our setting. Laboratory surveillance for HAI episodes 

performed better but missed all suspected or “culture-negative” HAI episodes; in addition, 

sensitivity of laboratory surveillance depends on the utilization rate of investigations and 

adequacy of clinical samples submitted. Surveillance of antimicrobial prescriptions showed 

highest sensitivity overall, largely owing to detection of HAI episodes that were culture-

negative or instances where laboratory specimens were not submitted. However, a 

combination of laboratory surveillance with antimicrobial prescription tracking achieved best 

sensitivity (85%) and positive predictive value (97%), and required fewer resources to 

perform. 

 

Although all three methods are potentially suitable for HAI surveillance on South African 

paediatric wards, the most suitable method for each facility will vary depending on clinical 

practices and available resources. In resource-limited settings, where prospective, patient-

based surveillance is difficult to conduct, PPS, laboratory, antimicrobial prescription or 

combinations thereof, are acceptable alternative HAI surveillance methods. 
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Chapter 4 
 

Utilization and terminal cleaning of paediatric isolation facilities 

 

Dramowski A, Cotton MF, Whitelaw A. Utilization of paediatric isolation facilities                      

in a TB-endemic setting.  Antimicrob Resist Infect Control. 2015 (4):36. 

 

In many high-income countries, paediatric wards are purposively designed with single room, 

en-suite facilities to reduce the risk of infection transmission. Ironically in resource-limited 

settings where infection burden is highest, few or no patient isolation facilities exist.10,31,32 

Although several studies from high-income countries report data on paediatric isolation facility 

utilization63-65, we identified no publications on this topic from African settings.  

 

We prospectively observed isolation room utilization patterns at Tygerberg Children’s Hospital 

over 6 months to estimate and characterize demand for isolation facilities and identify missed 

opportunities for isolation. A surprisingly low proportion of children were admitted to isolation 

(6% vs 14-17% reported from studies in high-income settings), with most (78%) isolated for 

infection prevention (IP) indications. In contrast to high-income settings, our main isolation 

requirement was for airborne precautions (52%) in children with tuberculosis (26% with drug-

resistant TB disease).  

 

Demand for isolation beds fluctuated (peaking in mid-winter), although observed isolation 

occupancy averaged only 66%. Potential missed opportunities for isolation were identified by 

cross-referencing isolation room occupants’ identifying information against laboratory data of 

patient specimens with antibiotic-resistant bacteria, M. tuberculosis and selected viral 

pathogens. When taking into account missed isolation opportunities and syndromic indications 

for isolation, bed demand would have exceeded available bed capacity for 5/6 observed 

months. In most instances, alcohol handrub (89%) and appropriate personal protective 

equipment (74%) were available at isolation rooms. However levels of hand hygiene 

compliance (65%) and adherence to transmission-based precautions (58%) among staff caring 

for children in isolation, were substantially lower.  

 

This is the first publication from Africa to characterize paediatric isolation room utilization, 

quantify demand for isolation beds and identify airborne precautions for TB as the 

predominant isolation indication. In addition we identified major shortcomings and 

opportunities for improved utilization of this scarce resource at Tygerberg Children’s Hospital.  
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Dramowski A, Whitelaw A, Cotton MF. Assessment of terminal cleaning in pediatric 

isolation rooms: options for low-resource settings. Am J Infect Control. 2016 (in press) 

 
Ineffective terminal cleaning of patient isolation rooms has been implicated in transmission of 

infection to next room occupants.38-42 The near-patient hospital environment acts as a reservoir 

for bacteria, viruses and spores, with viable pathogens persisting on surfaces for up to 30 

months.39 Globally, there is renewed interest in the subject of environmental cleaning in 

healthcare, although published data from Africa is scarce. In addition, few African healthcare 

facilities have guidelines on environmental cleaning and even fewer perform routine 

assessment of cleaning adequacy. 

 

We investigated the adequacy of isolation room terminal cleaning and the impact of verbal 

feedback on cleaning staff performance at Tygerberg Children’s Hospital. Three methods of 

cleaning assessment were utilized (quantitative bacterial surface cultures, adenosine 

triphosphate [ATP] bioluminescence assays and fluorescent high-touch markers). Of the 25 

isolation room terminal cleaning episodes evaluated, 98% and 90% were considered 

adequately cleaned by ATP assay and aerobic colony counts (ACC) respectively, with few 

potential bacterial pathogens cultured. All rooms showed significant reduction in ATP relative 

light units and ACC between pre- and post-cleaning evaluations. The most heavily contaminated 

surfaces post-cleaning were sinks and mattresses. Fluorescent markers showed sub-optimal 

cleaning of high touch surfaces, with a 50% overall removal rate post-cleaning.     

 

Cleaning staff performance improved significantly between ‘first’ and ‘subsequent’ terminal 

cleaning episodes following provision of verbal feedback. The sustainability of improved 

cleaning performance was not assessed owing to the short study duration. Cost, time and 

resources required for cleaning assessment using ATP and surface cultures far exceeded that 

needed for fluorescent markers. In low-resource settings, fluorescent markers are an 

inexpensive option for cleaning evaluation and have the additional benefit of providing 

immediate visual feedback when training cleaning personnel. 
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Chapter 5 
 
 

Healthcare workers’ knowledge, attitudes and practices regarding 
paediatric healthcare-associated infection  

 
 

Dramowski A, Whitelaw A, Cotton MF. Healthcare-associated infections in children: 

knowledge, attitudes and practices of paediatric healthcare providers at Tygerberg 

Hospital, Cape Town. Paediatr Int Child Health. 2016; 36(3);225-231. 

 

Publications reporting paediatric healthcare providers’ infection prevention (IP) and 

healthcare-associated infection (HAI) knowledge, attitudes and practices (KAP) are extremely 

limited; a single publication of IP knowledge and attitudes in an Egyptian paediatric intensive 

care unit was identified.58 We conducted a KAP study regarding paediatric HAI to better 

understand the IP training needs of Tygerberg Children’s Hospital staff. Two-thirds of 

paediatric staff participated including nursing, medical, allied health staff and health science 

students.  

 

Several important misconceptions regarding infection transmission routes and hand hygiene 

methods were documented in the knowledge survey. Substantial differences in attitudes and 

reported practices regarding IP and HAI were demonstrated for nursing versus medical 

personnel, with nurses generally having more favourable attitudes and reportedly greater 

adherence to IP recommendations. Regression analysis highlighted that: younger staff 

members were more likely to be influenza vaccinated (although overall annual uptake was only 

25%); presenteeism was 19 times more prevalent among medical staff; nursing staff were 3 

times more likely to adhere to precautions and 19-fold more likely to use personal protective 

equipment, although N95 respirator fit-testing rates were lowest among nurses (21%). There 

was surprisingly widespread support for use of punitive measures for staff who disregard IP 

recommendations and for the suggestion to report all paediatric HAI as adverse events.  

 

Our study contributes to the limited literature on HAI KAP of African healthcare workers and 

identifies opportunities for improved IP training and practice among staff at Tygerberg 

Children’s Hospital.  
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Chapter  6 

 

A framework for preventing healthcare-associated infection                                     

in neonates and children in South Africa  

 

Dramowski A, Cotton M, Whitelaw A. A framework for preventing healthcare-associated 

infection in neonates and children in South Africa. S Afr Med J. (in press) 

Abstract  

Healthcare-associated infection (HAI) is a frequent and serious complication affecting 4-8% of 

hospitalized children and neonates in high-income countries. The burden of HAI in South 

African (SA) paediatric and neonatal wards is substantial but underappreciated, owing to a lack 

of HAI surveillance and reporting. Maternal and Child Health and Infection Prevention are 

priority areas for healthcare quality improvement in the National Core Standards programme. 

Despite increasing recognition in SA, infection prevention efforts targeting hospitalized 

children and neonates are hampered by health system, institutional and individual patient 

factors. To ensure safe healthcare delivery to children, a co-ordinated HAI prevention strategy 

should promote development of infection prevention norms and policy, education, patient 

safety advocacy, healthcare infrastructure, surveillance and research. We present a framework 

for South Africa to develop and expand HAI prevention in hospitalized neonates and children.  

 

Introduction 

Healthcare-associated infection (HAI) is the most frequent complication of hospitalization with 

morbidity, excess mortality and increased healthcare costs.[1-3] Although the neonatal and 

paediatric HAI burden is well-described in high-income countries (4-8% prevalence)[4,5], it is 

poorly quantified among hospitalized African children and neonates. In a meta-analysis of HAI 

in low-middle income countries (LMIC), the World Health Organisation (WHO) identified only 

three studies of neonatal/paediatric HAI from Africa between 1995 and 2008 (none from South 

Africa [SA]).[6] Prior and subsequent to the WHO meta-analysis, five publications have 

established HAI risk factors for African children including malnutrition[7-9], prolonged hospital 

stay[7,10], use of indwelling devices[9,11], paediatric intensive care unit (PICU) admission[9], blood 
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transfusion[8,9], young age[7,10], underlying co-morbid diseases, HIV-infection and HIV-exposed, 

uninfected (HEU) status.[9]  

 

HAI epidemiology in hospitalised South African children and neonates 

The epidemiology of paediatric and neonatal HAI in SA is poorly documented. Literature 

describing neonatal HAI is extremely limited, reporting HA bloodstream infections (BSI) only; 

HA-BSI incidence of 4 and 14/1000 patient days was reported from two tertiary hospitals in 

Cape Town and Johannesburg.[12,13] Among paediatric inpatients in Cape Town, HA-BSI rates of 

1.6/1000 patient days were recorded, with excess mortality attributable to hospital- versus 

community-acquired BSI (25% vs 16%).[14] In 1987, prospective surveillance on two paediatric 

wards at Chris Hani Baragwanath hospital established HAI prevalence of 14.3% with a 

predominance of gastrointestinal and respiratory tract infections.[7] At King Edward Hospital’s 

PICU, HAI prevalence of 43% was reported in 1992.[10] A one-day point prevalence study (PPS) 

of 2652 adults and children at six Gauteng hospitals established pooled HAI prevalence of 9.7% 

for bloodstream, urinary tract, respiratory tract and surgical site infections. Children had higher 

HAI rates overall (16.5%) and greater prevalence of bloodstream and respiratory tract 

infections.[15,16] Recent prospective clinical surveillance at Tygerberg Children’s hospital 

paediatric wards and PICU documented HAI prevalence of 24%, with hospital-acquired 

pneumonia and HA-BSI predominating. HAI incidence density was highest on the PICU (94 vs 

22/1000 patient days in wards).[9] PICU device-associated infection densities were double that 

reported from PICU’s in other LMIC.[9,17] Two-thirds of all in-patient mortality occurred in 

association with HAI, with crude mortality 6-fold higher (7.4%) than that among HAI-

unaffected hospitalizations. HAI-affected patients also had 3-fold higher rates of hospital 

readmission within 30 days. HAI events incurred substantial direct costs (R5.6 million) and an 

excess 2275 hospitalization days, 2365 antimicrobial days and 3575 laboratory investigations 

in 4 wards over 6 months.[9]                                                            

 

The changing landscape of HAI prevention in SA 

A national healthcare quality improvement programme launched in 2012, introduced annual 

facility audits to benchmark public and private institutions against ‘national core standards 

(NCS) for healthcare establishments.’[18] In addition, the Office of Health Standards compliance 

was established to guide NCS implementation and to act as a national healthcare licensing and 
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accreditation body. Despite a renewed focus on infection prevention (IP) and HAI surveillance, 

data on HAI burden and epidemiology in SA is extremely limited. Although the development of 

IP ‘standards’ is laudable, much greater resources and technical expertise (in healthcare 

epidemiology, IP and data management) is required to achieve data-driven improvement in HAI 

prevention services. Furthermore, implementation of HAI prevention in the SA healthcare 

context is complex with multiple challenges to IP programmes at health system, institutional 

and patient level (Table 1).  

Table 1. Challenges to HAI prevention in hospitalized children and neonates 

Health systems factors Healthcare environment 
factors 

Patient factors 

Competing health 
priorities 

High burden of 
community-acquired 
infections 

Few resources for IP 
implementation 

Lack of HAI surveillance 
programmes and reporting 

Lack of IP policies  

Inadequate training in IP 
for healthcare workers 

Lack of a co-ordinated 
research agenda for HAI 
prevention 

Overcrowding 

High patient to staff ratios 

Lack of IP provisions and 
consumables 

Lack of isolation facilities 

Ageing infrastructure and 
inappropriate built 
environment design  

Inadequate environmental 
cleaning 

Re-use and sharing of 
devices and equipment 

Lack of a ‘patient safety’ 
focus and institutional 
culture 

Malnutrition 

HIV-exposure and -infection 

Prematurity 

Chronic diseases  

High device utilisation rates 

High antimicrobial usage 

*Adapted from Rothe et al.[19]; HAI = healthcare-associated infection; IP = infection prevention. 

 

A proposed framework for neonatal and paediatric HAI prevention in SA 

Programmes to establish safe and high-quality delivery of healthcare to SA children will require 

a co-ordinated HAI prevention strategy, informed by local surveillance and research. An 

important goal is to ensure that limited IP resources (at national, provincial and institutional 

level) are directed at the most common HAI events and populations at greatest risk. Prevention 

should employ a holistic, integrated approach incorporating policy development, IP education, 

patient safety advocacy, infrastructure development, surveillance and research. Table 2. 

outlines the major components and proposed content of a paediatric/neonatal HAI prevention 
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framework for SA. Table 3. Lists the key national, provincial and institutional partners for 

developing and implementing the proposed framework.  

Table 2. A framework for HAI prevention in South African child health services  
 

Component Example of core content 

Policies and 
guidelines 

IP norms and standards for outpatient and inpatient settings with a 
specific focus on paediatric and neonatal populations; guideline 
documents for paediatric/neonatal wards and clinics e.g. patient isolation 
recommendations, guidelines on personal protective equipment use, 
environmental cleaning methods and assessment, antimicrobial 
restriction policies 

Education,  
training and 
advocacy for 
patient safety 

A national core curriculum on IP and HAI prevention for undergraduate 
health science and nursing students (with additional neonatal/paediatric 
content); minimum topics/frequency of in-service training for all 
healthcare workers; standard in-hospital instructions for caregivers on 
basic IPC measures; national and provincial IP champions to lead 
education, advocacy and research; institutional ‘buy-in’ from managers 
and departmental HOD’s to prioritise safe care of children; collaboration 
within existing structures e.g. IP and quality improvement committees 

Provisions 
and 
infrastructure 

Building norms for new and renovated neonatal and paediatric services 
including consensus on a recommended ratio of single (isolation) to 
cohort beds e.g. 1:2 and requirement for negative-pressure isolation 
rooms (with either natural or mechanical ventilation to achieve at least 
12 air changes per hour); basic provisions for HAI prevention e.g. soap, 
water, alcohol handrub, personal protective equipment 

Surveillance 
and research 

Develop recommendations for HAI surveillance methods, frequency and 
targets e.g. HAI burden, spectrum, risk factors, distribution by 
ward/facility type and associated antimicrobial use; outbreak reporting; 
addition of HAI to existing morbidity and mortality registers; 
identification of key research questions for HAI prevention. 

HAI = healthcare-associated infection; IP = infection prevention. 

 

Table 3. Key partners for HAI prevention framework development and implementation  

Level Key stakeholders and partners 

National The National Department of Health, Quality Assurance directorate and the 
Office of Health Standards Compliance (OHSC) 

South African Society for Paediatric Infectious Diseases (SASPID) 

South African Paediatric Association (SAPA) 

Infection Control Society of Southern Africa (ICSSA) and Infection Control 
Africa Network (ICAN) 
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National Institute of Communicable Diseases (NICD; soon to be the 
National Public Health Institute of South Africa) 

United South Africa Neonatal Association (USANA) 

The Neonatal Nurses Association of South Africa (NNASA) 

The Society of Midwives of South Africa (SOMSA) 

South African Antibiotic Stewardship Programme (SAASP) 

“Best Care… Always” campaign (BCA) 

National Health Laboratory Service (NHLS) and other laboratories 

MRC Burden of Disease Unit 

Provincial Department of Health’s provincial communicable disease teams 

Department of Health’s provincial mother and child health (MCH) 
directorates  

District Health specialist teams (in obstetrics and paediatrics) 

University departments of Paediatrics and Child Health, Public Health, 
Infectious diseases, Microbiology, Virology and Infection Prevention  

Institutional Facility medical and nursing managers 

Infection Prevention and Control committees 

Antimicrobial stewardship committees 

Health and safety teams 

Quality improvement structures 

Primary healthcare networks (within existing PMTCT, TB, EPI structures) 

HAI = healthcare-associated infection; IP = infection prevention and control; MRC = Medical Research Council; 

PMTCT = prevention of mother to child transmission of HIV; EPI = expanded programme on immunisation 

 

HAI prevention policies and guidelines 

Given their vulnerability to infection and the burden of community-acquired infection in 

hospitalised neonates and children, explicit recommendations on IP norms and standards are 

needed. Locally adapted IP guidelines and policies would assist paediatric and neonatal clinical 

managers to ensure implementation of best practices. One example where HAI prevention 

guidance is needed is for cleaning and disinfecting the healthcare environment e.g. isolation 

rooms, incubators, shared equipment. The risk of pathogen transmission and hospital 

outbreaks following ineffective cleaning of the patient environment is well-recognized.[20-22] 

Despite widespread implementation in high-income settings, few SA healthcare facilities have 

guidelines on environmental cleaning and even fewer perform routine assessment of cleaning 

adequacy.[23] A study comparing methods for evaluation of paediatric isolation room terminal 
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cleaning, identified fluorescent markers as an inexpensive option together with providing 

immediate visual feedback to cleaning personnel.[23] Other important topics for inclusion 

include: staffing norms for IP and paediatric staff; management of patient isolation facilities; 

hand hygiene and personal protective equipment; HAI surveillance and reporting; outbreak 

investigation recommendations and reporting; antimicrobial usage and restriction and staff 

vaccination. 

 

Education, training and advocacy for patient safety 

Surveys of SA healthcare workers and data from the first national core standards audit show 

the need for improved in-service and undergraduate health science training in IP.[24-27] 

Development of harmonised IP curricula for all cadres of SA healthcare workers is needed, 

including recommendations on minimum training duration, core topics and competency 

evaluation. As risks and routes of infection transmission vary by population, additional content 

on paediatric and neonatal-specific risks would be needed e.g. infant feeding. In a recent survey 

of 200 paediatric and neonatal medical, nursing and allied health staff at Tygerberg Children’s 

Hospital, several important misconceptions about infection transmission routes and hand 

hygiene methods were identified.[26] Although 48% of participants considered HAI to be 

inevitable, there was broad support for punitive measures for staff ignoring IC 

recommendations (89%) and for reporting of HAI episodes as adverse events (76%). Multiple 

opportunities were identified for improvement including: poor uptake of annual influenza 

vaccination (25%); low rates of N95 respirator fit-testing (28%) and very high presenteeism 

among doctors (95%), despite the risk of infection transmission to their patients. Participants 

wanted greater leadership and shared accountability for IP, acknowledging a weak institutional 

patient safety culture and climate.[26] From this single centre study it is clear that there is scope 

for improved IP education for paediatric and neonatal staff. In addition, identification of named 

‘infection prevention champions’ and IP ‘link nurses’ in paediatric and neonatal departments 

who ‘model’ desired IP attitudes and behaviours, could assist with implementation of best 

practices and institutional culture change. Basic IP teaching packages and information packs 

for non-healthcare workers with regular patient contact (volunteers, visitors, and caregivers) 

should also be developed. 
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Provisions and infrastructure for infection prevention in paediatric/neonatal facilities 

In many high-income countries, paediatric wards are designed with single rooms and en-suite 

facilities to reduce the risk of infection transmission. Ironically in resource-limited settings 

where infection burden is highest, few or no patient isolation facilities exist.[19] The IP 

indications for patient isolation are also likely to differ across SA. At Tygerberg Children’s 

hospital, where isolation room demand consistently exceeded availability, the main isolation 

indication was airborne precautions for tuberculosis (52%); 26% of children with TB had drug-

resistant disease.[28] To date, there are no published data on availability of patient isolation 

facilities or negative pressure ventilation rooms elsewhere in South Africa. In renovating and 

building new children’s hospitals in SA, recommendations for the ratio of single to cohort beds, 

and numbers of airborne isolation beds (whether naturally or mechanically ventilated negative 

pressure rooms) must be established. In addition, IP building norms for bed spacing, 

workflows, provision of handwash basins and sluice rooms and guidance on other engineering 

and ventilation issues for neonatal and paediatric wards should be developed.  

 

HAI surveillance and research 

HAI surveillance is a key component of effective IP programmes, allowing for comparison or 

‘benchmarking’ of HAI rates between healthcare facilities. Despite the ‘National Core Standards’ 

requirement for HAI reporting since 2012, few SA healthcare facilities have the resources and 

expertise to perform comprehensive HAI surveillance.[29] Futhermore, the lack of consensus on 

HAI surveillance methodology in SA prevents direct comparison of data across healthcare 

facilities. The paucity of data on incidence, spectrum and local determinants of HAI also 

hampers development of appropriate IP interventions. Given these constraints and variable 

laboratory investigation testing rates, some feasible alternative surveillance options include 

use of routinely collected datasets (e.g. discharge coding, microbiology results or antibiotic 

prescriptions for HAI). A combination of laboratory and antimicrobial usage data at Tygerberg 

Children’s hospital, achieved high sensitivity (85%) and positive predictive values (97%) for 

HAI determination, requiring substantially less time to collect and analyse than clinical 

surveillance data.[30]  

Additional options to improve HAI surveillance and research in neonatal and paediatric wards 

include:  mandatory coding of HAI on patient discharge, transfer or death; mandatory outbreak 
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reporting and explicit inclusion of HAI in morbidity and mortality estimates (both institutional 

and provincial e.g. the Perinatal and Child Healthcare Problem Identification Programmes). It 

is unlikely that a ‘one-size fits all’ approach to paediatric HAI surveillance in SA will be 

successful. However, surveillance, even of only one or two parameters, must begin as soon as 

possible and be gradually expanded. Undoubtedly, development and maintenance of paediatric 

HAI surveillance and research networks will be challenging, but the data yielded on disease 

burden, spectrum, distribution, risk factors and outcome will be invaluable.  

 

Conclusion 

The lack of data on neonatal and paediatric HAI in South Africa has contributed to an 

underappreciation of the burden and impact of these infections by clinicians, healthcare 

managers, policymakers and the public. From the limited local data available, HAI causes 

considerable suffering, mortality and increased healthcare cost in all age groups. To ensure safe 

and high quality healthcare for SA children, a framework for a nationally endorsed HAI 

prevention strategy is needed. The following should be addressed: IP policy and infrastructure 

development, healthcare worker education, patient safety advocacy, HAI surveillance and 

research. Key national, provincial and local stakeholder partners should be actively engaged to 

develop and implement HAI surveillance and prevention programmes for hospitalized SA 

children and neonates.   
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Chapter  7 
 

Conclusion 

 

The aim of this dissertation was to produce a comprehensive description of the epidemiology 

and impact of HAI in an African paediatric cohort. Secondary objectives entailed investigating 

HAI surveillance methods and local determinants for paediatric HAI (including healthcare 

worker HAI-related knowledge, attitudes and practices, isolation facility utilization and 

terminal cleaning practices). 

 

We established that HAI burden at Tygerberg Children’s Hospital exceeds reported incidence 

and prevalence rates in high-income settings (3-6 fold) and those published in the limited 

literature from LMIC countries. The magnitude of HAI was greatest in patients hospitalized on 

the paediatric intensive care unit (PICU), with rates of device-associated infection far exceeding 

pooled estimates published from 16 LMIC PICU. In contrast to adult populations where surgical 

site infections (SSI) predominate, we observed hospital-acquired pneumonia, bloodstream and 

urinary tract infections as the major HAI types. In a separate study evaluating trends in 

paediatric bloodstream infections, we documented the burden of HA-BSI and risk factors for 

mortality and antimicrobial resistance. Furthermore, we demonstrated the impact of improved 

immunization and HIV management programmes on local BSI epidemiology. 

 

We showed that HAI burden is greatest among infants (<12 months of age), HIV-exposed and 

HIV-infected children, those with severe malnutrition, underlying co-morbidities (prematurity 

and chronic diseases) and patients in the PICU. The crude HAI-associated mortality rate (7.4%) 

was 6-fold higher than inpatient mortality from other causes. HAI events were associated with 

two-thirds of paediatric inpatient deaths during the study period. Although all HAI types 

prolonged median hospital stay, hospital-acquired pneumonia (2 days), laboratory-confirmed 

bloodstream infection [LC-BSI] (9 days) and presumed HAI episodes (6 days) significantly 

increased hospitalization duration when compared to age- and ward-matched controls.  
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K. pneumoniae and S. aureus were the predominant HAI pathogens isolated from patients with 

LC-BSI, UTI and SSI events, whereas viruses (particularly respiratory syncytial virus and 

adenovirus) were the predominant HAP pathogens.  For both SSI and HAP events, 10-14% of  

events were diagnosed on clinical grounds only as no laboratory specimens were collected.  

 

Although many of our cohort’s risk factors for HAI are non-modifiable (i.e. HIV infection or 

exposure, malnutrition, PICU stay, indwelling devices and underlying co-morbidities), they 

provide a clear understanding of the patient profile to be targeted in HAI prevention strategies. 

The substantial economic impact of HAI and secondary effects on bed utilization, antimicrobial 

and laboratory test usage provide impetus to accelerate HAI prevention programmes for 

African children. The impact of paediatric HAI on consumption of ultra broad-spectrum 

antibiotics is also alarming (carbapenems comprised 61% of all antimicrobials prescribed for 

HAI). Urgent intervention is needed to ensure better implementation of infection prevention 

strategies to assist institutional antimicrobial stewardship efforts. 

 

Given the national mandate to perform HAI surveillance at South African healthcare facilities, 

we investigated the suitability of three ‘alternative’ methods using our prospectively collected 

HAI cohort as the ‘reference standard’. We demonstrated that a combination of laboratory and 

antimicrobial surveillance achieved highest sensitivity and positive predictive value in HAI 

event detection, and required comparatively little time for data collection and analysis.  

Although repeated point prevalence surveys had the poorest sensitivity for HAI detection in 

our study, it remains an option for HAI surveillance at institutions with low laboratory testing 

rates and/or lack of access to antimicrobial consumption data.  

 

We demonstrated opportunities for improved utilization of paediatric isolation facilities at our 

institution (including better identification of patients eligible for isolation and a need for 

improved healthcare worker compliance with transmission-based precautions). The need to 

supply  negative-pressure, airborne isolation facilities on children’s wards in TB-endemic 

settings was also highlighted in this study.  We investigated three methods for evaluation of 

isolation room terminal cleaning, and identified fluorescent markers as a cost-effective and 

feasible strategy for resource-limited settings, with the additional benefit of allowing visual 

feedback for cleaning personnel. Finally, we surveyed two-thirds of our paediatric 
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department’s staff regarding their knowledge, attitudes and practices related to HAI, 

identifying several knowledge gaps and opportunities for improved IP practice.  

 

Based on this first detailed description of HAI epidemiology and impact at Tygerberg Children’s 

Hospital, there is a clear imperative to conduct further implementation science and operational 

research. Future directions for HAI prevention research could include: quality improvement 

programmes in the PICU to implement care bundles for device-associated infection; 

implementation of a new guideline using ‘syndromic’ criteria for HAP to reduce delays and 

missed opportunities for patient isolation; an audit of neonatal and paediatric isolation facilities 

countrywide, including availability of negative-pressure ventilation; ongoing evaluation of  HAI 

surveillance methods (using our combined laboratory-antimicrobial data model) with 

expansion to other institutions; introduction of fluorescent markers for terminal cleaning 

evalution and training of cleaning personnel; and behavioral interventions to improve infection 

prevention practices among paediatric  staff e.g.  uptake of influenza vaccination and N95 

respirator fit-testing, avoidance of presenteeism and hand hygiene compliance.  

 

The lack of published data on paediatric HAI in Africa has contributed to an underappreciation 

of the burden and impact of these infections by clinicians, healthcare managers, policymakers 

and the public. We believe that our research findings substantiate the need for greater resource 

allocation to HAI surveillance and prevention programmes for African children. Now that the 

scale and some determinants of this public health problem are quantified (albeit at a single 

institution), our mandate to accelerate implementation of HAI prevention programmes and 

ensure the safety of hospitalized African children is clear.    
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Appendices 

 

Other publications on infection prevention-related topics (2014-2016) 

 

Books 

 

Dramowski A. Infection Prevention and Control. A guide for healthcare workers in low-

resource settings. Bettercare. September 2014. 

Dramowski A and Mehtar S. Ebola Prevention and Control. Bettercare. January 2015. 

 

Book chapter 

 

Ziady, Mehtar, du Toit, Dramowski, Harris.  Vlok’s Community Health:  Chapter 8 

(Communicable Diseases) pgs 153 -206. January 2014. 

 

Journal articles 

 

1. Morkel G, Bekker A, Dramowski A et al. Bloodstream infections and antimicrobial 

resistance patterns in a South African neonatal intensive care unit. Paediatr Int Child 

Health. 2014;34(2):108-14.  

2. von Delft A, Dramowski A, Khosa C, Kotze K, Lederer P, Mosidi T, et al. Why healthcare 

workers are sick of TB. Int J Infect Dis. 2015;32:147-51.  

3. Dramowski A, Madide A, Bekker A. Neonatal nosocomial bloodstream infections at a 

referral hospital in a middle-income country: burden, pathogens, antimicrobial 

resistance and mortality. Paediatr Int Child Health. 2015;35(3):265-72. 

4. Dramowski A, Marais F, Willems B, Mehtar S and the SURMEPI curriculum review 

working group. Does undergraduate teaching of infection prevention and control 

adequately equip graduates for medical practice? African Journal of Health Professions 

Education. 2015;(7.1):105-110. 
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5. Dramowski A, Marais F, Goliath C, Mehtar S. Impact of a quality improvement project 

to strengthen infection prevention and control training at rural healthcare facilities. 

African Journal of Health Professions Education. 2015;(7.1):73-5. 

6. Dudley LD, Young TN, Rohwer AC, Willems B, Dramowski A, Goliath C, et al. Fit for 

purpose? A review of a medical curriculum and its contribution to strengthening health 

systems in South Africa. African Journal of Health Professions Education. 2015; (7.1):81-

5. 

7. Dramowski A, Blumberg L, Weyer J. Protecting frontline healthcare workers: practical 

Ebola virus disease prevention and Control. Afr Newslett on Occup Health and Safety 

2015;25:11-15. 

8. Weinshel K, Dramowski A, Hajdu Á, Jacob S, Khanal B, Zoltán M, Mougkou K, Phukan C, 

Inés Staneloni M, Singh N. Gap Analysis of Infection Control Practices in Low- and 

Middle-Income Countries. Infect Control Hosp Epidemiol. 2015;36(10):1208-14. 

9. Mudzikati L, Dramowski A. Neonatal septicaemia: prevalence and antimicrobial 

susceptibility patterns of common pathogens at Princess Marina Hospital, Botswana.  

Southern African Journal of Infectious Diseases. 2015;30(3):108-113.  

10. Versporten A, Bielicki J, Drapier N, Sharland M, Goossens H; ARPEC project group. The 

Worldwide Antibiotic Resistance and Prescribing in European Children (ARPEC) point 

prevalence survey: developing hospital-quality indicators of antibiotic prescribing for 

children. J Antimicrob Chemother. 2016;71(4):1106-17.  

11. von Delft A, Dramowski A, Sifumba Z, Mosidi T, Xun Ting T, von Delft D, Zumla A. 

Exposed, but Not Protected: More Is Needed to Prevent Drug-Resistant Tuberculosis in 

Healthcare Workers and Students. Clin Infect Dis. 2016;62 Suppl 3:S275-80.  

12. Araujo da Silva AR, Zingg W, Dramowski A, Bielicki JA, Sharland M. Most international 

guidelines on prevention of healthcare-associated infection lack comprehensive 

recommendations for neonates and children. J Hosp Infect. 2016;94(2):159-62.   
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Presentations related to PhD research (2014-2016) 

International and national conferences 

1. Dramowski A and Huskins C. Infection Control Issues in Children’s Hospitals. The 

Interscience Conference on Antimicrobial Agents and Chemotherapy (ICAAC), 5-9 

September 2014, Washington DC, USA. 

2. Dramowski A, Cotton M, Whitelaw A. Healthcare-associated infections in children: a survey 

of paediatric healthcare providers’ knowledge, attitudes and practices. Infection Control 

Africa Network conference (ICAN), Harare, Zimbabwe, 3-6 November 2014. 

3. Dramowski A, Cotton MF, Whitelaw A. Utilization of paediatric isolation facilities in a TB-

endemic setting. International Conference of Infection Control and Prevention (ICPIC), 

Geneva, 16-19 June 2015. 

4. Dramowski A. Update of IPC in Paediatrics. Federation of Infectious Disease Societies of 

Southern Africa (FIDSSA) conference. Drakensberg, 5-8 November 2015. 

5. Dramowski A. Infection control and antibiotic stewardship symposium (3 talks). South 

African Paediatric Association congress, Durban, South Africa, 31 August 2016.  

6. Dramowski A, Cotton MF, Whitelaw A. Surveillance of healthcare-associated infection in 

hospitalized South African children: which method performs best? Infection Control Africa 

Network conference (ICAN), Johannesburg, South Africa, 25-28 September 2016. 

7. Dramowski A. Healthcare-associated infection in hospitalized children and neonates. 

Infection Control Africa Network conference (ICAN), Johannesburg, South Africa, 25-28 

September 2016. 

Local presentations 

1. Paediatric PhD club (February 2014) 

2. 58th Stellenbosch University Annual Academic Day (August 2014)  

3. Microbiology PhD club (September 2014) 

4. Centre for Infectious Diseases journal club (October 2014) 

5. Department of Paediatric Surgery (October 2014) 

6. Paediatric PhD club (May 2015) 

7. 59th Stellenbosch University Annual Academic Day (August 2015) 

8. Microbiology Journal club (August 2015) 

9. 60th Stellenbosch University Annual Academic Day (August 2016) 
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Student supervision of infection prevention-related topics (2014-2016) 

 

Postgraduate students 

 

Graduated: 

1. Dr Gerald Morkel (MMed Paeds): Bloodstream infections and antimicrobial resistance 

patterns in a South African neonatal intensive care unit 

2. Ms Lydia Mudzikati (MClinEpi): Neonatal septicaemia: Prevalence and antimicrobial 

susceptibility patterns of common pathogens at Princess Marina Hospital, Botswana  

3. Ms Rufaro Munemo (MSc ClinEpi): Risk Factors and Outcomes of Neonatal Bacteremia 

due to Extended Spectrum β-Lactamase Producing Enterobacteriacea at Princess 

Marina Hospital 

4. Dr Chandre Geldenhuys (MMed Paeds): Central line-associated bloodstream infections 

in neonates  

 

Current: 

5. Sr Arina Jenkins: Implementation of a central line-associated bloodstream infection 

prevention programme in public sector neonatal intensive care unit 

6. Dr Lerato Sikhosana (MMed Path Medical Virology): Seroprevalence of measles, rubella, 

varicella-zoster, hepatitis A and hepatitis B virus antibodies in first year medical 

students in the Western Cape, South Africa. 
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Undergraduate students 

 

Graduated: 

1. Helene-Mari van der Westhuizen (MBChB VI): When students become patients: TB 

disease among undergraduate health science students 

2. Helene-Mari van der Westhuizen, Koot Kotze and Heena Narotam (MBChB V): 

Knowledge, attitudes and practices of health science students regarding TB-IPC 

3. Jonas Bovijn (MBCHB V): Medical interns and occupational hazards: an infection 

prevention and control opportunity  

 

Current: 

4. Courtney Olivier (MBChB V): Investigating the burden of hospital-acquired infection at 

four district hospitals’ paediatric and neonatal wards (current). 
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 List of abbreviations 

 

ACC   aerobic colony count  

AMR   antimicrobial resistance 

ART  antiretroviral therapy 

ASA   American Society of Anaesthesiologists 

ATP   adenosine triphosphate 

BC   blood culture 

BSI   bloodstream infection 

CA   community-acquired 

CAUTI   catheter-associated urinary tract infection 

CDC   Centers for Disease Control 

CI   confidence interval 

CLABSI  central line-associated bloodstream infection 

CoNS   coagulase-negative staphylococci 

CPAP   continuous positive airway pressure 

CRAB   carbapenem-resistant Acinetobacter baumannii 

DNA  deoxyribonucleic acid 

DS   drug-susceptible 

DR   drug-resistant 

ESBL   extended spectrum β-lactamase (ESBL)-producing  

HAI   healthcare-associated infection 

HAP  hospital-acquired pneumonia 

HIV   human immunodeficiency virus 

IP   infection prevention                                                                                                                                     

IPC  infection prevention and control 

IQR   interquartile range 

IT   information technology 

KAP   knowledge, attitudes and practice 

LCBSI   laboratory-confirmed bloodstream infection 

LMIC   low-middle income countries 

MDR  multidrug-resistant 

MDR PA  multidrug-resistant Pseudomonas aeruginosa 

M.tb   Mycobacterium tuberculosis 
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MRSA   methicillin-resistant Staphylococcus aureus  

NHSN   National Healthcare Safety Network 

OR   odds ratio 

PCV   pneumococcal conjugate vaccine 

PICU   paediatric intensive care unit 

PPE   personal protective equipment 

PPS   point prevalence survey 

PMTCT  prevention of mother to child transmission of HIV 

RLU  relative light unit 

SIR  standardized infection ratio 

SSI   surgical site infection 

SD   standard deviation 

TB   tuberculosis 

TCH   Tygerberg Childrens’ Hospital 

USD  United States Dollars 

UTI   urinary tract infection 

UV   ultraviolet 

VAP   ventilator-associated pneumonia 

WAZ   weight-for-age z-score 
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