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Abstract 

Background:  The under-five mortality rates of children in South Africa (SA) remain high despite successful HIV pre‑
vention and treatment programs. The in-hospital mortality of children with severe acute malnutrition remains a key 
obstacle. This study identifies and describes changes in the mortality of under-five children with severe acute malnu‑
trition (SAM) following the implementation of HIV and malnutrition prevention and treatment programmes.

Methods:  This was a retrospective review of in-hospital mortality records and databases. The study was based at 
a large referral hospital in KwaZulu-Natal (KZN), where HIV and malnutrition rates are high, and SAM children are 
managed with standard WHO guidelines. Records of children under five years old who died from 2009 to 2018 were 
analysed.

Results:  Of the 698 under-five children who died in this period, 285 (40, 8% of all under-5 deaths) were classified as 
having SAM. The number of HIV-infected SAM deaths dropped significantly, especially those below six months of age, 
mirroring the expansion of HIV treatment and prevention programmes. Despite this and a significant drop in the pro‑
portion of SAM admissions identified, there was no change in SAM case fatality rates over the ten years. Septicaemia 
remained the most common cause of death in children with SAM.

Conclusions:  Despite significant decreases in HIV-related malnutrition deaths over ten years, the lack of change 
in SAM case fatality rates is a concern at this referral hospital. Standardised WHO inpatient management protocols, 
may require review, especially where underlying medical conditions may contribute to SAM deaths in HIV-negative 
children.
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Introduction
Globally, several interventions, including health system 
strengthening, improvements in maternal education and 
family income, and the establishment of the Sustainable 
Development Goals, have contributed to a reduction in 
under-five child mortality [1]. While improvements were 

noted in decreasing under-five mortality in South Africa 
(SA), these were insufficient to achieve set goals. The cur-
rent under-five mortality rate remains higher than the 
goal to reduce it to 25 per 1000 live births by 2030 [2, 3]. 
This is especially true in children who have severe acute 
malnutrition (SAM), as defined by the World Health 
Organization (WHO) [4–6].

Health system strengthening in SA includes prioritis-
ing resources in managing the major causes of mortality 
in children, viz. HIV, tuberculosis, acute gastroenteritis, 
pneumonia, and SAM. Priority programmes focusing 
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on these major drivers of under-five mortality are 
implemented at scale across districts and provinces 
and emphasise a primary health care approach [3]. 
With more than 40% of the population living below 
the poverty line, these interventions include nutrition-
related programmes aimed at community prevention 
and institutional care of children with SAM [7]. Key 
nutrition programmes include nutritional support for 
underweight pregnant women, infant and young child 
feeding, growth monitoring and promotion, social 
protection and food provisioning, the national school 
nutrition programme, vitamin A supplementation and 
fortification of food staples with micronutrients [8–12]. 
In addition, the endorsement promotion, protection 
and support for breastfeeding with the signing of the 
Tshwane declaration in 2011 has influenced feeding 
practices, especially at the institutional level, through 
the implementation of the Mother-Baby Friendly Initia-
tive [13].

Mortality review data collected through the Child 
Healthcare Problem Identification Programme (CHIP) 
showed that approximately 30% of children who die in 
South African hospitals have severe acute malnutrition, 
including larger referral hospitals. [14]. Analyses of mor-
tality in children following discharge have advocated that 
a risk-based approach to inpatient management, related 
to malnutrition, should be a major intervention across 
Africa and Asia. [15]Specific WHO sanctioned pro-
grammes aimed at improving the management of hos-
pitalised malnourished children have been introduced 
at scale nationally and provincially in SA since 2006 [16]. 
In January 2014, guidelines for the integrated manage-
ment of acute malnutrition (IMAM) were introduced 
to monitor and implement standardised WHO proto-
cols at the hospital level [17]. Hospital-based record-
keeping with formal death reviews of children with SAM 
was also introduced. In June 2015 and again in March 
2018, KZN provided province-specific updates on these 
IMAM guidelines [17]. Evaluating the impact of these 
programmes has been primarily based on national and 
provincial assessments, with gaps noted in the ability to 
estimate the effectiveness of overall treatment approaches 
for malnutrition [18–20]. This study defines referral hos-
pitals as those having specialist paediatric services that 
manage children referred from facilities with no spe-
cialised care (primary healthcare facilities). Referred 
children include those with SAM who fail to improve or 
require higher care levels. According to WHO guidelines, 
children with SAM in these referral hospitals are also 
managed using the same standardised malnutrition pro-
tocols utilised in primary healthcare facilities with little 
or no deviation. [16]. One gap in determining the impact 
of nutritional programmes is assessing any changes in 

mortality in these referral hospitals that manage SAM 
children who often have complex problems.

The national scale-up of programmes to prevent 
mother-to-child transmission and treatment of HIV was 
initially introduced in 2004 with increasingly efficacious 
antiretroviral regimen updates until 2017 [21]. These 
programmes reduced the mother-to-child transmission 
of HIV rate dramatically [3]. However, over the same 
period, there appears to have been less progress in the 
coverage of interventions for malnutrition, pneumonia 
and diarrheal disease, which are now the leading causes 
of under-five mortality outside the neonatal period in 
SA [3]. In 2015/2016, KwaZulu-Natal was among the 
top four provinces in SA, with the highest number of 
under-five deaths [3, 7]. In Southern and Eastern Africa, 
including KZN with its very high HIV rates, much of this 
excess mortality has been attributed to concurrent HIV 
infection [22]. The interactive effects of HIV infection on 
increased mortality risk in malnourished children have 
led to calls for more information and revised interna-
tional treatment guidelines in such cases [23].

Understanding the impact and effectiveness of multiple 
interventions to decrease SAM is critical to demogra-
phers and public health experts. In addition, it provides a 
basis for planning national health strategies and tracking 
progress toward child survival goals. This study deter-
mined changes in the mortality of children under five 
years of age hospitalised with SAM at a referral institu-
tion in Durban, KwaZulu-Natal (KZN), over ten years. 
An additional objective of the study was to determine the 
relationship between HIV infection and mortality among 
these hospitalised SAM children following the rollout 
of both HIV and nutrition treatment and prevention 
programmes.

Methodology
This study was a retrospective cohort study reviewing 
in-hospital mortality records, admission and death reg-
isters, and various databases. The study was conducted 
in King Edward VIII Hospital (KEH) in Durban, KZN, in 
SA. KEH is a referral hospital that drains a large popu-
lation base of urban and semi urban communities where 
an estimated 4% of all children live with HIV and 21, 6% 
exposed at birth to HIV. [24, 25]Children from these 
areas are referred from primary healthcare facilities to 
KEH with a 75 paediatric medical bed capacity with high 
care facilities.

The study population focused on hospitalised children 
with SAM who were demised in the paediatric medical 
wards of KEH from 01 January 2009 to 31 December 
2018. This specific ten-year period was selected to deter-
mine changes following the wide-scale implementation of 
HIV treatment and prevention programmes during this 
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period [21]. Second, this same period saw the uniform 
implementation of WHO standard guidelines for the 
inpatient management of SAM [17]. The study excluded 
a review of deaths of neonates (less than 28  days) and 
focused on all infants and children from 1–59 months at 
the time of admission.

Ethics approval from the University of Kwa Zulu–
Natal (UKZN) Biomedical Research Ethics Committee 
(BREC/00001341/2020) and gatekeeper permission from 
the KwaZulu–Natal Department of Health and King 
Edward VIII Hospital were obtained before data collec-
tion and verification.

To obtain the data for this study, which included annual 
tallies and individual mortality information, the primary 
investigator reviewed four independent databases for the 
study period. All four databases were used to corroborate 
information and ensure minimal missing data. The King 
Edward Hospital Paediatric database was the primary 
database (KPDD). A designated specialist paediatrician 
working in KEH was responsible for verifying and enter-
ing all daily admissions tallies and death information 
from the original case records. The information in this 
database is also verified monthly and annually by other 
paediatricians in the department. For this study, repeat 
admissions within seven days of the previous admission 
were reflected as a single hospitalisation. The second 
database used was the district health information sys-
tem (DHIS). In this provincially mandated system, nurses 
and clinicians verify admission and mortality data from 
a ward-based admission and deaths daily register (ADD 
triplet). The third database used was the Child Health-
care Problem Identification Programme (Child PIP). 
Paediatric departments across many SA hospitals utilise 
this database to record and systematically review child 
deaths, emphasising assessing modifiable factors related 
to these deaths. The fourth database used was that spe-
cific to children with SAM, maintained by dietitians 
attending to hospitalised children. Dietitians attend-
ing to malnourished children independently verified the 
hospitalised children’s weights, lengths, and nutritional 
classification.

Data for this study were obtained initially from the 
KPDD database and then cross-referenced with all other 
databases to verify recorded age, weights, lengths, nutri-
tional classification, HIV exposure and infection status, 
final diagnosis, and the primary cause of death. The pri-
mary investigator then reviewed all databases for each 
child and entered the data into a predesigned Excel 
spreadsheet. Where data were conflicting, a consensus 
was reached following the evaluation of the original case 
records by two investigators (SN and KLN).

The WHO nutritional classification system, which 
recorded lengths as part of this classification system, 

recorded all children’s nutritional status. In this clas-
sification system, children were classified as severe 
acute malnutrition (SAM), moderate acute malnutrition 
(MAM), not acutely malnourished but considered at risk 
(NAM@risk), not acutely malnourished (NAM) or obese 
as defined by the WHO growth standards [4]. The defini-
tion was based on oedema or weight-for-length z score as 
reported by the admitting clinicians and verified by the 
discharging clinician and dietician.MUAC scores were 
not used as this documentation of this was inconsistent 
in the reviewed charts In children in whom the Wellcome 
classification system was used, where the terms kwashi-
orkor, marasmus or marasmic kwashiorkor were utilised, 
cases were reclassified according to the WHO classifica-
tion system using available weights, lengths and clinical 
information [26]. The primary focus of this study was to 
analyse children classified as having SAM, as these chil-
dren are generally deemed most at risk for mortality.

HIV results were obtained as documented in the mor-
tality databases. For the study period it was routine 
practice to test all hospitalised children for HIV with 
a DNA PCR test (for those less than 18  months) and a 
HIV ELISA (above 18 months). For this study HIV results 
were recorded as HIV positive, HIV negative or HIV 
unknown.

The final diagnosis and primary cause of death 
recorded in the various databases was determined as per 
the treating clinician’s opinion. The diagnostic classifica-
tion system used included the categories acute Gastroen-
teritis, (AGE), lower Respiratory Tract Infections (LRTI), 
confirmed /Suspected septicaemia, meningitis, cardiac 
failure, neurological causes, liver failure /disease, renal 
Failure /disease and other causes.

Statistical data analysis
The statistical data analysis was conducted in R Statistical 
computing software of the R Core Team, 2020, version 
3.6.3. The results are presented in the form of descrip-
tive and inferential statistics. The descriptive statistics of 
numerical measurements were summarised as the mini-
mum, maximum, quartiles, interquartile range, means, 
standard deviation and the coefficient of variation. Cat-
egorical variables were described as counts and percent-
age frequencies, where multiple bar charts were used to 
display these variables visually. In some instances, MS 
Excel was used to aid with the visuals of the trend analy-
sis The Mann–Kendall statistical test was used to assess 
for trend. Depending on the distribution of the numeri-
cal variables between two independent groups, mean or 
median differences were assessed using either the t-test 
or Wilcoxon test, respectively. To determine the associa-
tion between categorical variables, a chi-square test was 
used. When the distribution of the cross-tabulations 
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contained an expected value of less than five, Fisher’s 
exact test was applied. All inferential statistical analysis 
tests were conducted at the 5% significance level.

Results
Over the ten-year study period, 698 (2, 7%) of the 25 595 
hospitalised children under five years old died in King 
Edward VIII Hospital. During this period, the total num-
ber of under-five hospitalisations remained relatively 
constant between 2507 (lowest) and 2724 (highest) each 
year. Despite this, the percentage of under-five deaths 
in these annual hospitalisations significantly decreased 
from 5, 1% in 2009 to 1, 8% in 2018 (p < 0.001). The trend 
of this decrease is illustrated in Fig. 1.

Of all hospitalised children, 2328 (9, 1%) were classified 
as having severe acute malnutrition (SAM). The change 
in the proportion of SAM admissions as a percentage of 
all under-five admissions also showed a decrease over 
this period. Figure 2 illustrates this decrease.

There were 285 SAM deaths during the study period. 
This constituted 12, 2% of all 2328 under-five SAM 

admissions and 40, 8% of all under-five deaths. From 
2009 to 2018, there was no significant change in the pro-
portion of SAM deaths, either as a percentage of SAM 
admissions (case fatality rate) or as a percentage of under-
five deaths. For ten years, the mean case fatality rate was 
12, 2% (range 8, 4% to 18, 1%), placing it well above the 
WHO target of < 5%. Figure 3 illustrates these trends.

Upon analysis of SAM deaths, n = 285, the mean age 
of children was 16,9 months, which was significantly dif-
ferent from the mean age of children classified in other 
nutritional categories who had died. This was signifi-
cantly different from the ages of children who died who 
were classified as nutritionally normal. The gender in 
both the SAM (n = 285) and NAM (n = 301) categories 
was also significantly different. More boys had died in the 
SAM category (62, 7%) compared to NAM (49, 5%).

Table 1 indicates the relationship between age and gen-
der in the death of children in various WHO nutritional 
categories.

Most under-five deaths, 60.7% (n = 415), occurred in 
HIV-exposed children. Of all the deaths, 49, 4% (338) 

Fig. 1  Change in percentage under-five deaths from 2009–2018

Fig. 2  Changes in the proportion of SAM admissions as a percentage of all under-five admissions
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were HIV negative, and 36, 8% (252) were HIV positive. 
In cases where the HIV status was known, most SAM 
deaths comprised HIV-positive children (46.7%), while 
the majority of deaths in children who were not clas-
sified as SAM were HIV-negative. Table  2 indicates the 

relationships between HIV exposure and HIV infection 
status in various WHO nutritional categories.

There was a significant decrease in the percentage 
of HIV-exposed SAM deaths from 2009 (72%) to 2018 
(35%). Figure 4 illustrates this change.

Fig. 3  Trend analysis of the proportion of SAM under-five deaths as a percentage of all under-five deaths and as a percentage of SAM admissions

Table 1  Demographic characteristics (age and gender) of the children classified in various nutritional categories

*  Kruskal–Wallis test

WHO MAM (N = 79) NAM (N = 301) Obese (N = 19) SAM (N = 285) p-value Overall (N = 684)

Age (months) p < 0.001*

Median
(Q1-Q3)

5.00
(3.00–8.00)

7.00
(3.00–19.0)

17.0
(8.50–23.0)

10.0
(5.00–18.0)

8.00
(4.00–18.0)

Min–Max 1.00–46.0 1.00–59.0 1.00–36.0 1.00–58.0 1.00–59.0

Gender p = 0.006

Male 49 (62.0%) 147 (49.5%) 13 (68.4%) 178 (62.7%) 387
(57.0%)

Female 30 (38.0%) 150 (50.5%) 6 (31.6%) 106 (37.3%) 292
(43.0%)

Table 2  The relationship between HIV exposure and HIV infection status in various WHO nutritional categories

WHO MAM (N = 79) Normal (N = 301) Obese (N = 19) SAM (N = 285) p-value Overall (N = 684)

Exposed p = 0.373

No 24 (30.4%) 123 (40.9%) 7 (36.8%) 115 (40.4%) 269 (39.3%)

Yes 55 (69.6%) 178 (59.1%) 12 (63.2%) 170 (59.6%) 415 (60.7%)

HIV status p < 0.001

Negative 40 (50.6%) 172 (57.1%) 16 (84.2%) 110 (38.6%) 338 (49.4%)

Positive 30 (38.0%) 87 (28.9%) 2 (10.5%) 133 (46.7%) 252 (36.8%)

Unknown HIV 9 (11.4%) 42 (14.0%) 1 (5.3%) 42 (14.7%) 94 (13.7%)
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The proportion of HIV-positive, HIV-negative, and 
HIV unknown SAM deaths changed over the study 
period. This change was statistically significant. Figure 5 
illustrates these trends. In 2009, most (70, 2%) SAM 
deaths were HIV infected, compared with only 6, 7% of 
SAM deaths in 2018. There was also a significant drop 
in HIV unknown results from 19,8% of all SAM deaths 
not having an HIV result documented in 2009 to no SAM 
deaths having no HIV result reported in 2018. In analys-
ing the severely acutely malnourished children who died 
in relation to both age and HIV status, there was a sig-
nificant association between being below six months and 
HIV positive. Figure 6 illustrates these relationships.

Cause of death
The top three primary causes of death were septicae-
mia (33%, n = 223) and lower respiratory tract infections 
(27%, n = 182), followed by acute gastroenteritis (15%, 
7%, n = 106). Significantly more children died from sep-
ticaemia as the primary cause of death 41, 6%, (n = 117) 
in SAM children who died compared with 25, 3% (n = 75) 
in children classified as NAM. Table 3 indicates the pro-
portion of primary causes of death in each nutritional 

category. There were no significant changes in the pro-
portions of the three most common causes of death in 
either the SAM or NAM groups over the study period. 
Figure 7 illustrates changes in these proportions over the 
ten years.

Discussion
From 2009 to 2018, significant changes in the character-
istics of hospitalised children with severe acute malnutri-
tion who died in KEH were identified in this study.

The decrease in under-five in-hospital mortality at 
KEH over the study period was significant and consist-
ent with national and international trends [2, 3]. In this 
study, there was a significant decrease in the proportion 
of SAM hospitalisations. This mirrors trends in other 
Sub-Saharan countries and may suggest that programmes 
to prevent HIV and/or malnutrition at the primary care 
level could possibly be making an impact [6]. However, 
previous reports evaluating community levels of under-
nutrition have documented persistent levels of poor 
nutrition [20, 27]. These studies reflected the impact of 
various population-based nutritional programmes in SA 
before the full-scale implementation of HIV prevention/

Fig. 4  Changes in HIV exposure percentage in SAM deaths

Fig. 5  Changes in HIV-exposed and infected children with SAM who died. (2009–2018)
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treatment programmes and hospital-level nutrition pro-
grammes. The decrease in SAM hospitalisations, spe-
cifically from 2014, identified in this study, coincides 
with the introduction and implementation of the IMAM 
guidelines that focus on in-hospital audits and specific 
protocols for managing children with SAM. However, 

this postulate needs to be treated with caution, as refer-
ral hospitals often admit SAM children with underlying 
pathologies, which may not reflect all hospitalised SAM 
patients. The independent and interactive effects of HIV 
infection, especially on survival in these children, need 
further exploration [23].

Fig. 6  Comparing the relationship of age and HIV status with SAM nutritional status

Table 3  Causes of death from 2009 until 2018 in all children who died

WHO nutritional classification categories

Primary cause of death MAM (N = 79) NAM (N = 301) Obese (N = 19) SAM (N = 285) Overall (N = 684)

Acute Gastroenteritis
(AGE)

9 (11.5%) 47 (15.8%) 7 (36.8%) 43 (15.3%) 106 (15.7%) p-value = 0.044

Lower Respiratory Tract 
Infections (LRTI)

24 (30.8%) 94 (31.6%) 4 (21.1%) 60 (21.4%) 182 (27.0%)

Confirmed /Suspected
Septicaemia (Sepsis)

28 (35.9%) 75 (25.3%) 3 (15.8%) 117 (41.6%) 223 (33.0%)

Meningitis 5 (6.4%) 13 (4.4%) 0 (0.0%) 12 (4.3%) 30 (4.4%)

Cardiac failure 4 (5.1%) 23 (7.7%) 3 (15.8%) 15 (5.3%) 45 (6.7%)

Neurological causes 4 (5.1%) 22 (7.4%) 1 (5.3%) 13 (4.6%) 40 (5.9%)

Liver Failure /disease 2 (2.6%) 11 (3.7%) 1 (5.3%) 13 (4.6%) 27 (4.0%)

Renal Failure /disease 0 (0.0%) 3 (1.0%) 0 (0.0%) 3 (1.1%) 6 (0.9%)

Other causes 2 (2.6%) 9 (3.0%) 0 (0.0%) 5 (1.8%) 16 (2.4%)
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This study demonstrates that the proportion of HIV-
infected children with SAM who died in KEH signifi-
cantly changed as the ART prevention and treatment 
programmes reached both scale and intensity. This 
change was particularly noted in the under six-month age 
group, where a large component of under-five mortal-
ity occurs. The interaction of HIV infection, critical ill-
ness and malnutrition have been documented to be the 
greatest risk for survival [6, 23]. This study corroborates 
these findings and describes a longitudinal trend that 
associates early HIV prevention, identification and treat-
ment programmes with a decrease in HIV-infected SAM 
deaths.

The concerning aspect that this study identified is the 
lack of a sustained decrease in the percentage of chil-
dren with SAM who demised both as a proportion of 
all SAM hospitalisations or as a proportion of all under-
five deaths annually. The high case fatality rate for chil-
dren with SAM in this cohort is similar to studies from 

other developing countries. However, the lack of change 
occurs despite improvements in HIV-related morbid-
ity and mortality [18, 19]. Inpatient management for all 
malnourished children focuses on strategies that include 
careful use of ready-to-use feeds and immediate acute 
care standardised protocols [19]. In this study, non-HIV-
related SAM deaths were identified as being of specific 
concern and need further analysis and investigation.

Based on aetiology, SAM can be either illness-related 
(secondary to one or more diseases/injury), non-illness-
related (caused primarily by food insecurity) or both [28, 
29]. With HIV-positive and HIV-negative SAM children 
often exposed to similar socioeconomic conditions, 
it seems highly plausible that other underlying medi-
cal conditions may also contribute to mortality in HIV-
negative children. With most deaths in children with 
SAM now occurring in HIV-negative children in KEH, 
a greater focus on identifying any underlying patholo-
gies may be needed. Tuberculosis, which has often been 

Fig. 7  Change in the top three causes of death from 2009 until 2018 in all children who died
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suspected but rarely proven to be diagnosed in malnour-
ished children, is an underlying pathology that may be 
overlooked [30]. Other underlying pathologies noted in 
SAM admissions and deaths include neurological condi-
tions, malabsorption syndromes, cardiac abnormalities, 
genetic defects, and urinary tract infections with septi-
caemia [29, 31, 33].

Inpatient nutrition protocols for SAM, including the 
IMAM guidelines, have primarily focused on standard 
protocols for managing both ‘primary illness-related’ 
SAM and ‘secondary illness-related’ SAM similarly. [17, 
27]. However, further research is urgently required for 
many SAM children admitted to referral hospitals that 
fail to improve on standard WHO protocols. We postu-
late that this research could possibly influence changes to 
existing WHO protocols in managing SAM. In addition, 
these protocols need to include an ability to individual-
ise management principles, especially to align to possible 
underlying pathologies contributing to malnutrition.

Limitations
Retrospective data were used to analyse this study, where 
no verification or standardisation of anthropometric 
measurements was recorded. Data on mid-upper-arm 
circumferences (MUAC) were not used, as this was 
inconsistent in documentation over the years, and stan-
dalone MUAC is not ideal [34]. Stunting information 
was not analysed, as height measurements could not be 
standardised or verified over this period. The study did 
not include verified birth weight nor breastfeeding data, 
especially for the first six months, and the data are from 
one province. HIV information was recorded in source 
case notes or mortality summaries and was not verified 
from laboratory sources over the entire study period. An 
interrupted time series analysis was not performed on 
the data and may of added increased insight.

Conclusion
The significant decreases noted between 2009 and 2018 
in the mortality of hospitalised children in KEH can be 
attributed to effective HIV treatment and prevention 
programmes. While some decreases are noted in the 
rates of hospitalisation of children with SAM, the cause 
for concern is the lack of significant change in the case 
fatality rate of these children despite multiple nutritional 
programmatic interventions. Increasingly more SAM 
children who die are HIV negative, with possible under-
lying medical pathologies being overlooked. Standardised 
protocols currently in place do not differentiate between 
illness-related and non-illness-related malnutrition, even 
in referral hospitals. Modification of national malnutri-
tion guidelines for this at-risk population may need to be 
considered in referral hospitals in South Africa.

Acknowledgements
The authors would like to express their gratitude to Mrs Nireshnee Reddy, 
Assistant Director Dietitian, Maternal Child and Women’s Health (MCWH), 
KZN Department of Health; Dr Mark Patrick, Executive member of the 
National Child Health Identification Programme (CHIP), for provision of 
information and Mrs Leora Sewnarain for assistance with formatting and 
language review.

Authors’ contributions
SN and KLN were responsible for the study design, data collection, analysis, 
and manuscript drafting. KLN was responsible for supervising the entire work, 
study design and manuscript review. PT was responsible for assistance with 
statistical analyses, and CD-G was responsible for data verification and analysis. 
All authors were responsible for manuscript review. All authors read and 
approved the final manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
The data supporting this study’s findings are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted according to the guidelines laid down in 
the Declaration of Helsinki, and all procedures involving research study 
participants were approved by the University of Kwa Zulu–Natal (UKZN) 
Biomedical Research Ethics Committee (BREC/00001341/2020). The Uni‑
versity of Kwa Zulu–Natal (UKZN) Biomedical Research Ethics Committee 
(BREC/00001341/2020) waived the need for informed consent due to the 
retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The author(s) declare that they have no financial or personal relationship(s) 
that may have inappropriately influenced them in writing this article.

Author details
1 Department of Paediatrics and Child Health, School of Clinical Medicine, 
College of Health Sciences, University of KwaZulu-Natal, Durban, South Africa. 
2 Department of Dietetics, KwaZulu‑Natal Department of Health, King Edward 
VIII Hospital, Durban, South Africa. 3 Department of Biostatistics, Nelson R Man‑
dela School of Medicine, University of KwaZulu-Natal, Durban, South Africa. 
4 Department of Paediatrics, King Edward VIII Hospital, Private Bag X7 Congella, 
Durban 4013, South Africa. 

Received: 16 May 2022   Accepted: 5 July 2022

References
	1.	 UNICEF-WHO-The World Bank: Joint child malnutrition estimates — levels 

and trends – 2021 edition. https://​data.​unicef.​org/​resou​rces/​jme-​report-​
2021/ (Accessed 14 Feb 2022)

	2.	 Yaya S, Bishwajit G, Okonofua F, et al. Under five mortality patterns and 
associated maternal risk factors in sub-Saharan Africa: A multi-country 
analysis. PLoS ONE. 2018;13(10): e0205977. https://​doi.​org/​10.​1371/​journ​
al.​pone.​02059​77.

	3.	 Doherty T, Kroon M, Rhoda N, et al. ending preventable child deaths in 
South Africa: What role can ward-based outreach teams play? S Afr Med J. 
2016;106(7):672–4. https://​doi.​org/​10.​7196/​samj.​2016.​v106i7.​10790.

	4.	 World Health Organization (WHO)/United Nations Children’s Fund 
(UNICEF). WHO Growth Standards and the Identification of Severe Acute 
Malnutrition in Infants and Children. https://​apps.​who.​int/​iris/​bitst​ream/​
handle/​10665/​44129/​97892​41598​163_​eng.​pdf (Accessed 14 Feb 2022)

https://data.unicef.org/resources/jme-report-2021/
https://data.unicef.org/resources/jme-report-2021/
https://doi.org/10.1371/journal.pone.0205977
https://doi.org/10.1371/journal.pone.0205977
https://doi.org/10.7196/samj.2016.v106i7.10790
https://apps.who.int/iris/bitstream/handle/10665/44129/9789241598163_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/44129/9789241598163_eng.pdf


Page 10 of 10Ndlovu et al. BMC Nutrition            (2022) 8:63 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	5.	 Ashworth A, Chopra M, McCoy D, et al. WHO guidelines for management 
of severe malnutrition in rural South African hospitals: effect on case fatal‑
ity and the influence of operational factors. Lancet. 2004;363(9415):1110–
5. https://​doi.​org/​10.​1016/​s0140-​6736(04)​15894-7.

	6.	 Munthali T, Jacobs C, Sitali L, et al. Mortality and morbidity pat‑
terns in under-five children with severe acute malnutrition (SAM) in 
Zambia: a five-year retrospective review of hospital-based records 
(2009–2013). Arch Public Health. 2015;73(1):23. https://​doi.​org/​10.​1186/​
s13690-​015-​0072-1.

	7.	 Statistics South Africa (STATS SA). http://​www.​stats​sa.​gov.​za/?p=​10341 
(Accessed 14 Feb 2022)

	8.	 National Department of Health. Guidelines for Maternity Care in South 
Africa: A manual for clinics, community health centres and district hos‑
pitals. 4th Edition, 2015. https://​www.​hst.​org.​za/​publi​catio​ns/​NonHST%​
20Pub​licat​ions/​Mater​nal%​20Care%​20Gui​delin​es%​202015_​FINAL-​21.7.​15.​
pdf (Accessed 14 Feb 2022)

	9.	 National Department of Health. Infant and Young Child Feeding Guide‑
lines, 2013. https://​health-​e.​org.​za/​wp-​conte​nt/​uploa​ds/​2013/​09/​IYCF_​
Policy_​2013.​pdf (Accessed 14 Feb 2022)

	10.	 National Department of Health. Integrated Nutrition Programme: Stra‑
tegic Plan 2002/03 to 2006/07, 2002. https://​extra​net.​who.​int/​nutri​tion/​
gina/​en/​node/​23284 (Accessed 14 Feb 2022)

	11.	 National Department of Basic Education.National School Nutrition 
Programme (NSNP) Annual Report 2013/2014, 2014. https://​pmg.​org.​za/​
files/​dbe_​annual_​report_​2013_-​14.​pdf (Accessed 14 Feb 2022)

	12.	 National Department of Health. National Vitamin A Supplementation 
Policy Guidelines for South Africa, 2012. https://​pdf4p​ro.​com/​cdn/​natio​
nal-​vitam​in-a-​suppl​ement​ation-​ceab8.​pdf (Accessed 14 Feb 2022)

	13.	 National Department of Health. The Tshwane declaration of support 
for breastfeeding in South Africa. South Afr J Clin Nutr. 2011; 24(4):214. 
http://​www.​sajcn.​co.​za/​index.​php/​SAJCN/​artic​le/​view/​586/​820 
(Accessed 14 Feb 2022)

	14.	 Ntuli ST, Malangu N, Alberts M. Causes of deaths in children under-five 
years old at a tertiary hospital in Limpopo province of South Africa. Glob J 
Health Sci. 2013;5(3):95–100. https://​doi.​org/​10.​5539/​gjhs.​v5n3p​95.

	15.	 Childhood Acute Illness and Nutrition (CHAIN) Network. Childhood mor‑
tality during and after acute illness in Africa and south Asia: a prospective 
cohort study. Lancet Glob Health. 2022 May; 10(5):e673-e684. https://​doi.​
org/​10.​1016/​S2214-​109X (22)00118–8.

	16.	 World Health Organization (WHO). Guideline: updates on the manage‑
ment of severe acute malnutrition in infants and children, 2013. https://​
apps.​who.​int/​iris/​handle/​10665/​95584 (Accessed 14 Feb 2022)

	17.	 KZN Department of Health. KZN Guidelines on the Integrated Manage‑
ment of Acute Malnutrition (IMAM) http://​www.​kznhe​alth.​gov.​za/​family/​
mcwh/​kzn-​imam-​guide​lines.​pdf (Accessed on 21 Feb 2022)

	18.	 Lenters LM, Wazny K, Webb P, et al. Treatment of severe and moderate 
acute malnutrition in low- and middle-income settings: a system‑
atic review, meta-analysis and Delphi process. BMC Public Health. 
2013;13(Suppl 3):S23. https://​doi.​org/​10.​1186/​1471-​2458-​13-​S3-​S23.

	19.	 Brits H, Joubert G, Eyman K, et al. An assessment of the integrated nutri‑
tion programme for malnourished children aged six months to five years 
at primary healthcare facilities in Mangaung, Free State. South Africa S 
Afr Fam Pract. 2017;59(6):214–8. https://​doi.​org/​10.​1080/​20786​190.​2017.​
13402​52.

	20.	 Iversen PO, Marais D, Du Plessis L, et al. Assessing nutrition intervention 
programmes that addressed malnutrition among young children in 
South Africa between 1994–2010. African J. Food, Agric. Nutr. Dev. 2012; 
12(2):5928–5945. https://​www.​ajol.​info/​index.​php/​ajfand/​artic​le/​view/​
75606/​66143 (Accessed 14 Feb 2022)

	21.	 Naidoo KL. Prevention of Mother to Child Transmission of HIV. In: Bobat 
R. (eds) HIV Infection in Children and Adolescents. Springer, Cham, First 
Online 28 Feb 2020. https://​doi.​org/​10.​1007/​978-3-​030-​35433-6_​20

	22.	 National Department of Health. Guidelines for Maternity Care in South 
Africa: A manual for clinics, community health centres and district hos‑
pitals. Fourth Edition, 2016. https://​www.​ideal​healt​hfaci​lity.​org.​za/​App/​
Docum​ent/​Downl​oad/​42 (Accessed 14 Feb 2022)

	23.	 Muzigaba M, Puoane T, Sartorius B, et al. Independent and interactive 
effects of HIV infection, clinical stage and other comorbidities on survival 
of children treated for severe malnutrition in rural South Africa: A retro‑
spective multicohort study SAfrJChildHealth. 2017; 11(1):46–53. https://​
doi.​org/​10.​7196/​sajch.​2017v​11i1.​1202

	24.	 Actuarial Society of South Africa (ASSA). AIDS and Demographic model. 
Available at: http://​aids.​actua​rials​ociety.​org.​za/​ASSA2​008-​Model-​3480.​
htm. Accessed 27 June 2022

	25.	 Slogrove AL, Powis KM, Johnson LF, Stover J, Mahy M. Estimates of the 
global population of children who are HIV-exposed and uninfected, 
2000–18: a modelling study. Lancet Glob Health. 2020;8(1):e67–75. 
https://​doi.​org/​10.​1016/​S2214-​109X(19)​30448-6.

	26.	 Walker AC. Classification of infantile malnutrition. Lancet. 
1970;2(7681):1028. https://​doi.​org/​10.​1016/​s0140-​6736(70)​92834-5.

	27.	 Bourne LT, Hendricks MK, Marais D, et al. Addressing malnutrition in 
young children in South Africa. Setting the national context for paediatric 
food-based dietary guidelines. Matern Child Nutr. 2007 Oct; 3(4):230–8. 
https://​doi.​org/​10.​1111/j.​1740-​8709.​2007.​00108.x

	28.	 Sanders D, Hendricksb M, Krollc F, et al. The triple burden of malnutrition 
in childhood: Causes, policy implementation and recommendations. 
Child and adolescent health. 2019:145. http://​www.​ci.​uct.​ac.​za/​sites/​
defau​lt/​files/​image_​tool/​images/​367/​Child_​Gauge/​South_​Afric​an_​
Child_​Gauge_​2019/​CG2019%​20-%​20%​288%​29%​20The%​20tri​ple%​20bur​
den%​20of%​20mal​nutri​tion%​20in%​20chi​ldhood.​pdf (Accessed 14 Feb 
2022)

	29.	 Mehta NM, Corkins MR, Lyman B, et al.; American Society for Parenteral 
and Enteral Nutrition Board of Directors. Defining pediatric malnutrition: 
a paradigm shift toward etiology-related definitions. JPEN J Parenter 
Enteral Nutr. 2013 Jul; 37(4):460–81. https://​doi.​org/​10.​1177/​01486​07113​
479972

	30.	 De Maayer T, Saloojee H. Clinical outcomes of severe malnutrition in 
a high tuberculosis and HIV setting. Arch Dis Child. 2011;96(6):560–4. 
https://​doi.​org/​10.​1136/​adc.​2010.​205039.

	31.	 Krishinchand H, Naidoo K, Mahabeer P, et al. Paediatric Enterobacte‑
riaceae infections in hospitalised children in Durban, KwaZulu-Natal. S Afr 
J Infect Dis. 2021;36(1): a279. https://​doi.​org/​10.​4102/​sajid.​v36i1.​279.

	32.	 Bamford LJ, McKerrow NH, and Barron P, et al. Child mortality in South 
Africa: Fewer deaths, but better data are needed. S. Afr. Med. J. 2018; 
108(3a):s25-s32. https://​doi.​org/​10.​7196/​SAMJ.​2017.​v108i​3b.​12779

	33.	 Black RE, Victora CG, Walker SP, et al.; Maternal and Child Nutrition Study 
Group. Maternal and child undernutrition and overweight in low-income 
and middle-income countries. Lancet. 2013 Aug 3; 382(9890):427–451. 
https://​doi.​org/​10.​1016/​s0140-​6736(13)​60937-x.

	34.	 Roberfroid D, Huybregts L, Lachat C. et al. Inconsistent diagnosis of acute 
malnutrition by weight-for-height and mid-upper arm circumference: 
contributors in 16 cross-sectional surveys from South Sudan, the Philip‑
pines, Chad, and Bangladesh. Nutr J. 2015; 14:86. https://​doi.​org/​10.​1186/​
s12937-​015-​0074-4

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/s0140-6736(04)15894-7
https://doi.org/10.1186/s13690-015-0072-1
https://doi.org/10.1186/s13690-015-0072-1
http://www.statssa.gov.za/?p=10341
https://www.hst.org.za/publications/NonHST%20Publications/Maternal%20Care%20Guidelines%202015_FINAL-21.7.15.pdf
https://www.hst.org.za/publications/NonHST%20Publications/Maternal%20Care%20Guidelines%202015_FINAL-21.7.15.pdf
https://www.hst.org.za/publications/NonHST%20Publications/Maternal%20Care%20Guidelines%202015_FINAL-21.7.15.pdf
https://health-e.org.za/wp-content/uploads/2013/09/IYCF_Policy_2013.pdf
https://health-e.org.za/wp-content/uploads/2013/09/IYCF_Policy_2013.pdf
https://extranet.who.int/nutrition/gina/en/node/23284
https://extranet.who.int/nutrition/gina/en/node/23284
https://pmg.org.za/files/dbe_annual_report_2013_-14.pdf
https://pmg.org.za/files/dbe_annual_report_2013_-14.pdf
https://pdf4pro.com/cdn/national-vitamin-a-supplementation-ceab8.pdf
https://pdf4pro.com/cdn/national-vitamin-a-supplementation-ceab8.pdf
http://www.sajcn.co.za/index.php/SAJCN/article/view/586/820
https://doi.org/10.5539/gjhs.v5n3p95
https://doi.org/10.1016/S2214-109X
https://doi.org/10.1016/S2214-109X
https://apps.who.int/iris/handle/10665/95584
https://apps.who.int/iris/handle/10665/95584
http://www.kznhealth.gov.za/family/mcwh/kzn-imam-guidelines.pdf
http://www.kznhealth.gov.za/family/mcwh/kzn-imam-guidelines.pdf
https://doi.org/10.1186/1471-2458-13-S3-S23
https://doi.org/10.1080/20786190.2017.1340252
https://doi.org/10.1080/20786190.2017.1340252
https://www.ajol.info/index.php/ajfand/article/view/75606/66143
https://www.ajol.info/index.php/ajfand/article/view/75606/66143
https://doi.org/10.1007/978-3-030-35433-6_20
https://www.idealhealthfacility.org.za/App/Document/Download/42
https://www.idealhealthfacility.org.za/App/Document/Download/42
https://doi.org/10.7196/sajch.2017v11i1.1202
https://doi.org/10.7196/sajch.2017v11i1.1202
http://aids.actuarialsociety.org.za/ASSA2008-Model-3480.htm
http://aids.actuarialsociety.org.za/ASSA2008-Model-3480.htm
https://doi.org/10.1016/S2214-109X(19)30448-6
https://doi.org/10.1016/s0140-6736(70)92834-5
https://doi.org/10.1111/j.1740-8709.2007.00108.x
http://www.ci.uct.ac.za/sites/default/files/image_tool/images/367/Child_Gauge/South_African_Child_Gauge_2019/CG2019%20-%20%288%29%20The%20triple%20burden%20of%20malnutrition%20in%20childhood.pdf
http://www.ci.uct.ac.za/sites/default/files/image_tool/images/367/Child_Gauge/South_African_Child_Gauge_2019/CG2019%20-%20%288%29%20The%20triple%20burden%20of%20malnutrition%20in%20childhood.pdf
http://www.ci.uct.ac.za/sites/default/files/image_tool/images/367/Child_Gauge/South_African_Child_Gauge_2019/CG2019%20-%20%288%29%20The%20triple%20burden%20of%20malnutrition%20in%20childhood.pdf
http://www.ci.uct.ac.za/sites/default/files/image_tool/images/367/Child_Gauge/South_African_Child_Gauge_2019/CG2019%20-%20%288%29%20The%20triple%20burden%20of%20malnutrition%20in%20childhood.pdf
https://doi.org/10.1177/0148607113479972
https://doi.org/10.1177/0148607113479972
https://doi.org/10.1136/adc.2010.205039
https://doi.org/10.4102/sajid.v36i1.279
https://doi.org/10.7196/SAMJ.2017.v108i3b.12779
https://doi.org/10.1016/s0140-6736(13)60937-x
https://doi.org/10.1186/s12937-015-0074-4
https://doi.org/10.1186/s12937-015-0074-4

	Changing mortality amongst hospitalised children with Severe Acute Malnutrition in KwaZulu-Natal, South Africa, 2009 – 2018
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methodology
	Statistical data analysis

	Results
	Cause of death

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


