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In high-income countries, preoperative anaemia has been associated 
with increased postoperative morbidity and mortality.[1] Preoperative 
anaemia is a common problem, with three large database studies in 
Europe and America estimating the prevalence to be between 25% 
and 30%.[2-4] Anaemia is also associated with increased perioperative 
blood transfusions, a practice independently associated with 
morbidity and mortality.[5] Growing evidence supports increasingly 
restrictive transfusion strategies in surgical and critical care patients, 

and as a result allogeneic transfusions can no longer be considered 
an appropriate isolated management strategy for surgical patients 
with preoperative anaemia.[6,7] Furthermore, the demographics of 
the South African (SA) surgical population differ significantly 
from those of the populations in which the morbidity associated 
with preoperative anaemia has been described. SA non-cardiac 
surgical patients are younger, have fewer non-communicable 
diseases, and undergo significantly more urgent and emergency 
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Background. In high-income countries, preoperative anaemia has been associated with poor postoperative outcomes. To date, no large 
study has investigated this association in South Africa (SA). The demographics of SA surgical patients differ from those of surgical patients 
in the European and Northern American settings from which the preoperative anaemia data were derived. These associations between 
preoperative anaemia and postoperative outcomes are therefore not necessarily transferable to SA surgical patients.
Objectives. The primary objective was to determine the association between preoperative anaemia and in-hospital mortality in SA adult 
non-cardiac, non-obstetric patients. The secondary objectives were to describe the association between preoperative anaemia and (i) critical 
care admission and (ii) length of hospital stay, and the prevalence of preoperative anaemia in adult SA surgical patients.
Methods. We performed a secondary analysis of the South African Surgical Outcomes Study (SASOS), a large prospective observational 
study of patients undergoing inpatient non-cardiac, non-obstetric surgery at 50 hospitals across SA over a 1-week period. To determine 
whether preoperative anaemia is independently associated with mortality or admission to critical care following surgery, we conducted a 
multivariate logistic regression analysis that included all the independent predictors of mortality and admission to critical care identified 
in the original SASOS model.
Results. The prevalence of preoperative anaemia was 1 727/3 610 (47.8%). Preoperative anaemia was independently associated with 
in-hospital mortality (odds ratio (OR) 1.657, 95% confidence interval (CI) 1.055 - 2.602; p=0.028) and admission to critical care (OR 1.487, 
95% CI 1.081 - 2.046; p=0.015).
Conclusions. Almost 50% of patients undergoing surgery at government-funded hospitals in SA had preoperative anaemia, which was 
independently associated with postoperative mortality and critical care admission. These numbers indicate a significant perioperative risk, 
with a clear need for quality improvement programmes that may improve surgical outcomes. Long waiting lists for elective surgery allow 
time for assessment and correction of anaemia preoperatively. With a high proportion of patients presenting for urgent or emergency 
surgery, perioperative clinicians in all specialties should educate themselves in the principles of patient blood management.

S Afr Med J 2018;108(10):839-846. DOI:10.7196/SAMJ.2018.v108i10.13148



840       October 2018, Vol. 108, No. 10

RESEARCH

procedures than their European counterparts.[8] The prevalence of 
preoperative anaemia and the associated postoperative outcomes 
in SA patients may therefore differ from those described in the 
published international literature.

In SA’s resource-restricted setting, it is imperative to prioritise 
simple interventions that are likely to be associated with improved 
patient outcomes. Should preoperative anaemia be independently 
associated with postoperative morbidity and mortality, correction 
of preoperative anaemia may be a simple intervention to improve 
surgical outcomes.

Objectives
The primary objective was to determine the association between 
preoperative anaemia and in-hospital mortality in SA adult non-
cardiac, non-obstetric surgical patients. Secondary objectives were to 
describe the prevalence of preoperative anaemia in adult SA surgical 
patients, and to determine the association between preoperative 
anaemia and (i) length of postoperative hospital stay and (ii) admis
sion to critical care units.

Methods
This study was a secondary analysis of the South African Surgical 
Outcomes Study (SASOS) (University of Cape Town Human Research 
Ethics Committee ref. no. HREC R010/2014).

Setting
SASOS was a 7-day national multicentre prospective observational 
cohort study. Patients aged >16 years undergoing inpatient non-car-
diac, non-obstetric surgery between 07h00 on 19 May and 06h59 on 
26 May 2014 in 50 participating government-funded hospitals across 
all nine provinces of SA were recruited into the study. Exclusions 
were planned day-case surgery and radiological procedures not 
requiring anaesthesia. Patients aged <18 years attending hospitals 
associated with the University of the Witwatersrand were excluded 
from the study because they were deemed unable to give consent. 
In total, 3 927 patients from 45 hospitals were included in the study. 
The data collected included patient demographics and comorbidities, 
selected preoperative blood tests (including haemoglobin concentra-
tion (Hb)), the urgency of the surgery, the surgical specialty and the 
anaesthetic technique. Details of the study design and procedures 
have been described in the primary article.[8] The primary outcome 
was in-hospital mortality, which was censored at 30 days for patients 
who were still in hospital. Data on length of stay and critical care 
admission were also collected. The independent risk predictors for 
mortality identified in SASOS were age (years), American Society of 
Anesthesiologists (ASA) classification ≥2, major surgery, urgent or 
emergency surgery, infection or injury as an indication for surgery, 
upper gastrointestinal tract (GIT) surgery, and the comorbidities of 
stroke or transient ischaemic attack and metastatic cancer.

The independent risk predictors for critical care admission were 
ASA classification ≥2, intermediate or major surgery, urgent or 
emergency surgery, injury as an indication for surgery, upper GIT 
surgery, head and neck surgery, neurosurgery and thoracic surgery.

Definitions
The last recorded Hb prior to surgery was recorded as the 
preoperative Hb. Anaemia and its subclassifications were defined as 
Hb <13 g/dL in males (mild 11 - 12.9, moderate 8 - 10.9, severe <8) 
and <12 g/dL in non-pregnant females (mild 11  -  11.9, moderate 
8  -  10.9, severe <8), according to the World Health Organization 
sex-based criteria.[9]

Statistical analysis
Categorical variables were described as proportions and compared 
using χ2 tests, Pearson’s χ2 tests and Fisher’s exact tests. The continuous 
variables age (years), Hb (g/dL) and length of hospital stay (days) were 
described as means and standard deviations if normally distributed 
or as medians and interquartile ranges (IQRs) if not.

A multivariate logistic regression analysis was performed to 
determine the association between preoperative anaemia and 
in-hospital mortality or critical care admission. Two analyses 
were conducted for each outcome: (i) anaemia entered as a binary 
variable; and (ii) anaemia entered as mild, moderate or severe 
categorical data. To determine whether preoperative anaemia was 
independently associated with mortality or critical care admission, 
we forced all the independent risk factors of mortality and critical 
care admission identified in the primary SASOS analysis[8] into the 
respective anaemia models. A post hoc multivariate analysis for the 
independent predictors of anaemia in SASOS was conducted. To 
determine the optimal Hb cut-point for anaemia associated with 
mortality, a receiver operating characteristic (ROC) curve was 
generated.

Univariate and multivariate statistical analyses were performed 
using the Statistical Package for the Social Sciences (SPSS), version 
23 (SPSS Inc., USA).

Results
The study recruitment is shown in Fig. 1. Preoperative haemoglobin 
data were available for 3 610/3 927 (91.9%) of the SASOS patients. 
The patient characteristics are shown in Table 1. The prevalence of 
preoperative anaemia was 1 725/3 610 (47.8%), with 711 patients 
(19.7%) presenting with mild anaemia, 863 (23.9%) with moderate 
anaemia and 151 (4.2%) with severe anaemia.

In univariate analysis there was a significant association between 
preoperative anaemia and female gender, an ASA classification of 
≥3, congestive heart failure, insulin-dependent diabetes, metastatic 
cancer, HIV/AIDS, urgent or emergency surgery, and gynaecological 
and vascular surgery.

Preoperative anaemia, in-hospital mortality and  
critical care admission
The incidence of mortality associated with anaemia is shown in 
Table  2. Anaemic patients were significantly less likely than those 
who were not anaemic to survive to hospital discharge.

Missing preoperative Hb values
n=317

Patients from SASOS database
N=3 927

Included in analysis
n=3 610

Fig. 1. Flow diagram of patient recruitment for the study. (SASOS = South 
African Surgical Outcomes Study; Hb = haemoglobin.)
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The risk factors independently associated with mortality and critical 
care admission in SASOS are shown in Tables 3 and 4, respectively. 
Anaemia was independently associated with mortality (odds ratio 
(OR) 1.657, 95% confidence interval (CI) 1.055 - 2.602; p=0.028) and 
critical care admission (OR 1.487, 95% CI 1.081  - 2.046; p=0.015) 
in the presence of all the independent predictors of mortality and 
critical care admission derived in the original SASOS model.[8] All 
the original independent predictors for mortality and critical care 
admission remained in the models when anaemia was forced into 

the model, with the exception of a history of stroke in the mortality 
model. Fig. 2 shows the ROC curve for anaemia and survival to 
hospital discharge. The optimal Hb cut-point was 10.95 g/dL, with 
an area under the curve of 0.662 CI (0.608 - 0.716).

Preoperative anaemia and length of hospital stay
Patients with preoperative anaemia remained in hospital significantly 
longer than those with a normal preoperative Hb (median 4 days 
(IQR 1 - 10) v. 2.5 days (IQR 1 - 5), respectively) (p<0.001).

Table 1. Baseline characteristics of patients with and without anaemia
Total Anaemic Not anaemic p-value

Age (years), mean (SD) 43.6 (17.6) 43.7 (18.0) 43.3 (17.0) 0.514
Hb (g/dL), mean (SD) 12.3 (2.5) 10.3 (1.7) 14.2 (1.4) <0.001
Female, n (%) 1 807/3 610 (50.1) 913/1 725(52.9) 894/1 885 (47.4) 0.001
ASA, n (%) <0.001

1 1 549/3 588 (43.2) 647/1 714 (37.7) 902/1 874 (48.1)
2 1 266/3 588 (35.3) 560/1 714 (32.7) 706/1 874 (37.7)
3 630/3 588 (17.6) 395/1 714 (23) 235/1 874 (12.5)
4 129/3 588 (3.6) 101/1 714 (5.9) 28/1 874 (1.5)
5 14/3 588 (0.4) 11/1 714 (0.6) 3/1 874 (0.2)

Primary indication for surgery, n (%) <0.001
Non-communicable disease 1 724/3 598 (47.9) 786/1 720 (45.7) 938/1 878 (49.9)
Infection 686/3 598 (19.1) 378/1 720 (22.0) 308/1 878 (16.4)
Injury 1 188/3 598 (33.0) 556/1 720 (32.3) 632/1 878 (33.7)

History of
Coronary artery disease 150/3 560 (4.2) 68/1 701 (4.0) 82/1 859 (4.4) 0.560
Congestive heart failure 53/3 560 (1.5) 35/1 701 (2.1) 18/1 859 (1.0) 0.008
Insulin-dependent diabetes 159/3 560 (4.5) 105/1 701 (6.2) 54/1 859 (2.9) <0.001
Non-insulin-dependent diabetes 213/3 560 (6.0) 113/1 701 (6.6) 100/1 859 (5.4) 0.120
Metastatic cancer 94/3 560 (2.6) 63/1 701 (3.7) 31/1 859 (1.7) <0.001
Cirrhosis 7/3 560 (0.2) 5/1 701 (0.3) 2/1 859 (0.1) 0.210
Stroke/TIA 53/3 560 (1.5) 32/1 701 (1.9) 21/1 859 (1.1) 0.072
COPD/asthma 222/3 560 (6.2) 87/1 701 (5.1) 135/1 859 (7.3) 0.008
HIV/AIDS 493/3 560 (13.8) 294/1 701 (17.3) 199/1 859 (10.7) <0.001

Grade of surgery, n (%) 0.085
Minor 1 213/3 571 (34.0) 582/1 709 (34.1) 631/1 862 (33.9)
Intermediate 1 561/3 571 (43.7) 706/1 709 (41.3) 855/1 862 (45.9)
Major 797/3 571 (22.3) 421/1 709 (24.6) 376/1 862 (20.2)

Urgency of surgery, n (%) <0.001
Elective 1 619/3 598 (45.0) 620/1 718 (36.1) 999/1 880 (53.1)
Urgent 1 201/3 598 (33.4) 659/1 718 (38.4) 542/1 880 (28.8)
Emergency 778/3 598 (21.6) 439/1 718 (25.6) 339/1 880 (18.0)

Type of surgery, n (%)
Orthopaedic 1 017/3 610 (28.2) 445/1 725 (25.8) 572/1 885 (30.3) 0.003
Breast 97/3 610 (2.7) 35/1 725 (2.0) 62/1 885 (3.3) 0.023
Gynaecological 514/3 610 (14.2) 309/1 725 (17.9) 205/1 885 (10.9) <0.001
Vascular 132/3 610 (3.7) 93/1 725 (5.4) 39/1 885 (2.1) <0.001
Upper GIT 150/3 610 (4.2) 83/1 725 (4.8) 67/1 885 (3.6) 0.066
Lower GIT 386/3 610 (10.7) 164/1 725 (9.5) 222/1 885 (11.8) 0.031
Hepatobiliary 87/3 610 (2.4) 33/1 725 (1.9) 54/1 885 (2.9) 0.065
Plastics 228/3 610 (6.3) 119/1 725 (6.9) 109/1 885 (5.8) 0.171
Urology 193/3 610 (5.3) 83/1 725 (4.8) 110/1 885 (5.8) 0.183
Kidney 13/3 610 (0.4) 9/1 725 (0.5) 4/1 885 (0.2) 0.165
Head and neck 200/3 610 (5.5) 73/1 725 (4.2) 127/1 885 (6.7) 0.001
Neurosurgery 127/3 610 (3.5) 49/1 725 (2.8) 78/1 885 (4.1) 0.037
Thoracic 65/3 610 (1.8) 38/1 725 (2.2) 27/1 885 (1.4) 0.103
Other 396/3 610 (11.0) 190/1 725 (11.0) 206/1 885 (10.9) 0.958

Hb = haemoglobin; ASA = American Society of Anesthesiologists; TIA = transient ischaemic attack; COPD = chronic obstructive pulmonary disease; GIT = gastrointestinal tract.
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Predictors of anaemia
There was an independent association between preoperative anaemia 
and ASA classification of 3 and 4, insulin-dependent diabetes, meta
static cancer, HIV, and urgent and emergency surgery (Table 5).

Discussion
Statement of principal findings
The study showed a high prevalence of preoperative anaemia (47.8%) 
in SA patients presenting for non-cardiac and non-obstetric surgery. 
Preoperative anaemia was independently associated with in-hospital 
mortality, increased admission to critical care units and a longer 
hospital stay.

Context
Our study findings of an association between preoperative anaemia 
and postoperative mortality are in keeping with similar large stud-
ies of the American College of Surgeons National Surgical Quality 
Improvement Program database (ACS NSQIP) and the European 

Surgical Outcomes Study (EuSOS) database.[2-4] However, our study 
presents data from a middle-income country, while the others pres-
ent data from predominantly high-income countries. Furthermore, 
it was observed that the burden of comorbidities in SASOS was sig-
nificantly lower than that reported in EuSOS.[4,8] A higher prevalence 
of anaemia, but with fewer comorbidities, suggests that a nutritional 
iron deficiency anaemia may be a proportionately larger contributor 
to the aetiology of anaemia in SA than in the other studies. It is there-
fore possible that a larger proportion of preoperative anaemia may 
be reversible in SA compared with other published cohorts. This is 
important in view of the fact that preoperative anaemia is associated 
with significant perioperative morbidity and mortality.

Internationally, increasing awareness of the risks and expenses 
associated with allogeneic blood transfusions has resulted in a shift 
of focus from transfusion as a treatment for perioperative anaemia to 
a more holistic patient blood management (PBM) strategy.[10] PBM 
is an evidence-based approach that aims to identify and address 
the three pillars of haematological risk that face surgical patients 

Table 2. In-hospital mortality of patients with and without anaemia, and by subgroups
In-hospital mortality, n (%) (95% CI) OR (95% CI) p-value

No anaemia 35/1 885 (1.9) (1.2 - 2.5) Ref
Anaemia 84/1 725 (4.9) (3.9 - 5.9) 2.706 (1.814 - 4.036) <0.001
Anaemia subgroups

None Ref
Mild 13/711 (1.8) (0.8 - 2.8) 0.984 (0.518 - 1.872) 0.962
Moderate 61/863 (7.1) (5.4 - 8.8) 4.020 (2.632 - 6.142) <0.001
Severe 10/151 (6.6) (2.7 - 10.6) 3.749 (1.819 - 7.727) <0.001

CI = confidence interval: OR = odds ratio.

Table 3. Independent predictors of mortality
OR (95% CI) p-value

Age 1.018 (1.005 - 1.030) 0.005
Anaemia 1.657 (1.055 - 2.602) 0.028
ASA

1 Ref
2 2.887 (1.342 - 6.209) 0.007
3 5.802 (2.694 - 12.493) <0.001
4 24.206 (10.640 - 55.065) <0.001
5 15.069 (3.417 - 66.453) <0.001

History of
Stroke/TIA (mortality model) 2.361 (0.965 - 5.778) 0.060
Metastatic cancer (mortality model) 2.973 (1.399 - 6.319) 0.005

Grade of surgery
Minor Ref
Intermediate 1.669 (0.871 - 3.200) 0.123
Major 3.218 (1.666 - 6.216) 0.001

Urgency of surgery
Elective Ref
Urgent 1.878 (1.057 - 3.334) 0.032
Emergency 2.900 (1.607 - 5.235) <0.001

Type of surgery
Upper GIT 2.915 (1.570 - 5.411) 0.001
Primary indication for surgery recorded

Non-communicable disease Ref
Infection 1.661 (0.932 - 2.961) 0.085
Injury 2.115 (1.261 - 3.547) 0.005

OR = odds ratio; CI = confidence interval; ASA = American Society of Anesthesiologists; TIA = transient ischaemic attack; GIT = gastrointestinal tract.
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through: (i) identification and treatment of preoperative anaemia; 
(ii) minimisation of perioperative blood loss; and (iii) management 
of postoperative anaemia by optimising the patient’s physiological 
reserve together with the adoption of restrictive haemoglobin 
transfusion triggers.[11,12] This approach has been associated with 
a reduction in: (i) perioperative morbidity and mortality; (ii) 
perioperative blood loss and transfusions; (iii) length of hospital stay; 
and (iv) costs.[13] Indeed, in recognition of these benefits, in 2010 the 

World Health Assembly urged member states to promote PBM as a 
transfusion alternative where appropriate.[14]

Our study suggests that preoperative anaemia is common in SA, 
and it provides impetus to actively adopt a PBM approach in SA. We 
believe that this has the potential to improve surgical outcomes in this 
country. Future local research should attempt to determine the types 
of preoperative anaemia and appropriate treatment regimens.

Study strengths and weaknesses
A major strength of this study is that it was possible to control for 
other independent predictors of mortality and critical care admission 
using the full SASOS data set. The finding that anaemia is associated 
with mortality and critical care admission in SA is therefore robust. A 
further strength is that this study included all the government-funded 
tertiary hospitals and 55.4% of the government-funded regional and 
tertiary hospitals in SA.[8] These data therefore have generalisability 
for these surgical populations in SA.

A potential weakness of the study is that surgical populations 
attending private hospitals were not included, and the results 
may therefore not be generalisable to this population. Similarly, 
government-funded district hospitals were poorly represented, and 
these data may therefore not be generalisable to these hospitals. 
However, the finding that anaemia is independently associated 
with perioperative mortality in SA is consistent with other surgical 
studies,[1] and would suggest that our data are probably generalisable 
to the entire SA surgical population.

Owing to the original study design, we could not distinguish acute 
from chronic anaemia. Acute anaemia is associated with morbidity, 
and chronic anaemia negatively affects the outcome associated 
with acute anaemia. While emergency surgery was independently 
associated with anaemia, injury as an indication for surgery was 

Se
ns

iti
vi

ty

Diagonal segments are produced by ties

1.0

0.8

0.6

0.4

0.2

0.0
0.0         0.2         0.4         0.6         0.8         1.0

1 – speci�city

Fig. 2. Receiver operating characteristic curve for preoperative anaemia and 
survival to hospital discharge.

Table 4. Independent predictors of critical care admission
OR (95% CI) p-value

Anaemia 1.487 (1.081 - 2.046) 0.015
ASA

1 Ref
2 1.403 (0.895 - 2.201) 0.140
3 4.895 (3.236 - 7.405) <0.001
4 12.110 (7.086 - 20.694) <0.001
5 7.564 (2.240 - 25.538) 0.001

Grade of surgery
Minor Ref
Intermediate 2.230 (1.307 - 3.805) 0.003
Major 8.735 (5.192 - 14.696) <0.001

Urgency of surgery
Elective Ref
Urgent 2.335 (1.550 - 3.520) <0.001
Emergency 3.090 (2.049 - 4.660) <0.001

Indication for surgery 
Non-communicable disease Ref
Infection 1.014 (0.652 - 1.575) 0.952
Injury 1.515 (1.059 - 2.169) 0.023

Type of surgery
Upper GIT 2.910 (1.756 - 4.824) <0.001
Head and neck 4.550 (2.533 - 8.174) <0.001
Neurosurgery 7.523 (4.659 - 12.149) <0.001
Thoracic 4.431 (2.224 - 8.828) <0.001

OR = odds ratio; CI = confidence interval; ASA = American Society of Anesthesiologists; TIA = transient ischaemic attack; GIT = gastrointestinal tract.
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not. We therefore conclude that it is unlikely that the entire signal of 
morbidity and mortality associated with anaemia in this study was 
due to acute anaemia.

We could also not control for perioperative blood transfusions. 
It is likely, however, that blood administration and anaemia are 
both independently associated with postoperative mortality,[15] and 
we therefore believe that this weakness should not compromise the 
interpretation of our findings. Furthermore, it is also possible that 
the prevalence and severity of preoperative anaemia may have been 
underestimated in this study, owing to preoperative transfusions.

A major limitation of this work is the potential role of multiple 
testing on the significance of these findings, as this is a secondary 
analysis of the SASOS dataset. Should one correct for a second 
analysis for mortality and a second analysis for critical care admission, 
an adjusted two-sided significance level of 0.05/2 = 0.025 could 
be considered appropriate. If one applies this approach, anaemia 
remains independently associated with critical care admission but 
not mortality. For these reasons, the data presented here should be 
considered hypothesis generating at best.

Conclusions
SA patients have a higher prevalence of preoperative anaemia than 
reported in other international cohorts, and this is associated with 
surgical mortality. Simply transfusing patients perioperatively can no 
longer be considered an acceptable solution, owing to the morbidity 
associated with blood transfusion. Education and institution of 

PBM programmes in SA are important to reduce the morbidity and 
mortality associated with preoperative anaemia.
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HIV/AIDS 1.580 (1.258 - 1.983) <0.001

Grade of surgery
Minor Ref
Intermediate 0.900 (0.760 - 1.065) 0.220
Major 1.136 (0.922 - 1.399) 0.230

Urgency of surgery
Elective Ref
Urgent 1.835 (1.537 - 2.191) <0.001
Emergency 1.837 (1.490 - 2.264) <0.001

Primary indication for surgery recorded
Non-communicable disease Ref
Infection 0.784 (0.629 - 0.976) 0.030
Injury 1.122 (0.885 - 1.423) 0.340

OR = odds ratio; CI = confidence interval; ASA = American Society of Anesthesiologists; TIA = transient ischaemic attack; COPD = chronic obstructive pulmonary disease.
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Appendix 1. SASOS investigators and 
SASOS hospital sites
Eastern Cape Province. Cecilia Makiwane Hospital: K A Bhat*, 
B Dokolwana; Frere Hospital: M Coltman*, G Westcott; Living
stone Hospital: L Friedman, D Schmidt*, S Venter; Nelson Mandela 
Academic Hospital: A Dhaffala, B Mrara*, B Thomas, A Usenbo; 
Port Elizabeth Provincial Hospital: P Alexandris*, T Serdyn.

Free State Province. Dihlabeng Regional Hospital: W J Selfridge, 
A J Stals*, W van Zyl, J Vermaak; National Hospital, Pelonomi 
Regional Hospital and Universitas Academic Hospitals: W Barret, 
M Bester, J de Beer, J Geldenhuys, H Gouws, J H Potgieter*, M Stry
dom, E Turton.

Gauteng Province. Charlotte Maxeke Johannesburg Academic 
Hospital: M Klipin, I Mare, V Morford*, O Smith; Chris Hani 
Baragwanath Academic Hospital: Y Adam, W Alhazel, K Antwi, 
A Atiya, M Ayuk, J Baladakis, S Baloyi, S Barka, N Biyase, N Braam, 
A Buitenweg, H Burcan, A Cohen, S Cuthbert, Z Dadabhay, S Davies, 
I du Preez, S Dulabh, W Edridge, S French, M Gayaparsad, J Hamuy-
Sosa, N Hendricks, T Hlongwane, R Husein, N Hutton, T Jackson, 
E  Jacobs, J Jocum, N Khan, H Khan, A Kiss, V Kumalo, F Lambat, 
A Lekha, T Leonard, D Leshaba, D Liakos, M Lindy, A C Lundgren, 
L T Lushiku, K Madiba, N Madima, S Maswime, R Mathiva, J J Mah
langu, M Maisto, P Makwanya, S Maswime, L Matsane, C  Mitchell, 
B Monzon, D Moodley, J Moutlana, G Mukucha, N Murugan, J Nana, 
N Ndlazi, D Nel*, G Nethathe, M Nxumalo, Y Nyathela, S Nyimbana, 
S Omar, J Omoshoro-Jones, A Oosthuizen, E Patel, D Prem, R Pretorius, 
C Quan, T Ranyaka, K Rathinasamy, C Redelinghuys, N  Rikhotso, 
C Sanders, C  Segal, R Setzen, R Sheikh, Z Soni, J Steynberg, M Stubbs, 
O Tinubu, S Toich, S Tshukutsoane, J Vally, A  van der Walt, N van 
der Walt, E van Greunen, D van Niekerk, L Variawa, S Veeren, C von 
Creytz, J Wagner, J Yogeswaram; Dr  George Mukhari Hospital: 
D R Bhagwandass, S  L  L K Dlamini, A  Fourie, A  Goolam Maho
med, J Joseph, N Kumar, T C Maganyane, M Z  Koto*, S R Motilall; 
Helen Joseph Hospital: G  Cavedon*, K Fisher, H Jahrani, R Maja, 
J Malumalu, E Semenya, N  Zondi; Kalafong Hospital: A  Alberts, 
F Botha, J de Bruin, S Carrim, T Chagwiza, S  East, ​P  J  H  L  Fourie, 

A Joubert, H Kluyts*, J Khosa, T Luvhengo, H Maakamedi, R Maharaj, 
S Motsitsi, J P Mulder, S Naidoo, H Schutte, A Vlok, M Voigt; Rahima 
Moosa Mother and Child Hospital: S Chetty*, M de Jager; Steve 
Biko Academic Hospital: Z Abdool, M Aphane, H J C du Plessis, 
P R  Jujuju, E Moshokoa, M  Ngcelwane, L M Ntlhe*, J P Pretorius, 
S Spijkerman, M Tshifilaro.

KwaZulu-Natal Province. Addington Hospital: M M F Ansermeah, 
A  Dunpath, J Fabian, M Khan, M Maritz, M Naidoo, S Rambarran, 
P Reddy, U Singh*; Edendale Hospital: N Allorto, D Bishop*, P M Bui
lu, C Cairns, A Dasrath, J de Wet, M den Hoedt, B Grey, M  Hayes, 
B Kusel, N  Shangase, R Wise; Grey’s Hospital: S Cacala, Z Farina, 
V Govindasamy*, C-H Kruse, C Lee, L Marais, T D Naidoo, C Rajah, 
R Rodseth, L Ryan, R von Rhaden; King Dinuzulu Hospital: G Alex
ander, N Brouckaert, B Freeman*, S Goga; King Edward VII Hospi
tal: R  Chetty, S Chirkut, L Cronje*, K de Vasconcellos, N  Z  Dube, 
N S Gama, G Green, R Green Thompson, S Mewa Kinoo, P Kistnas
ami, K Maharaj, M S Moodley, S Mothae, R Naidoo, A  Noorbhai, 
V Raghubar, J Reddy, A Singh, D Skinner, M Smith, B Singh; Inkosi 
Albert Luthuli Central Hospital: S Adam, C Alphonsus, Y Ameer, 
F Anderson, S Basanth, S Bechan, C Bhula, B M Biccard*, T Biyase, 
J Bruce, I Buccimazza, J Cardosa, C Y Chen, B Daya, L Drummond, 
A Elabib, E H Abdel Goad, I E Goga, R  Goga, T  C Hardcastle, 
R Harrichandparsad, R E Hodgson, J Jordaan, N Kalafatis, C Kampik, 
T Kisten, A T Landers, E Loots, R Madansein, A Madaree, T E Madi
ba, V  T  Manzini, M Mbuyisa, R Moodley, M Msomi, D  J  J  Muckart, 
I Mukama, D Naidoo, R Naidoo, T K Naidu, S Ntloko, E Padayachee, 
L Padayachee, M Phaff, B Pillay, D Pillay, L Pillay, A Ramnarain, 
S  R Ramphal, P Ryan, A Saloojee, M Sebitloane, N Sigcu, J Tay
lor, A Torborg, L Visser; Ladysmith Hospital: I Asmal, M Gasa, 
G Madombwe*, S Mohanadasan; Lower Umfolozi District War 
Memorial Hospital: Y Bwambale*, N Mayat, L Mlambo-Williams; 
Madadeni and Newcastle Hospitals: S Cheddie, A Elghobasy, 
R Hurley*, M Kopieniak, N M Naidoo; Mahatma Gandhi Hospital: 
M Ahmed, N Amod, M B Greenwood, B Hira, D Kesene, K Laubscher, 
D Naidoo, N A Mahomedy, S Moosa, V Moonsamy, S Reddy, D Run
gan*, A S Sader, A Thotharam; Ngwelezane Hospital: R Misra, 
M Naidoo, Y Selibean, S Sewpersad*, S Sham, J Wessels; Northdale 
Hospital: K A Adu, J T Liphaphang, D Maiwaid*, M Marais, T Mni
ki; Port Shepstone Hospital: C Africander, T Bejia, S Blakemore*, 
M  Botes, B Bunwarie, C B Hernandez, M A A Jeeraz, D Legutko, 
A  Lopez, J de Meyer, T Muzenda, N Naidoo*, M Patel, H Pentela, 
M Junge, N Mansoor, L Rademan, P Scislowski, I Seedat, B van den 
Berg, D van der Merwe, S van Wyk; Prince Mshiyeni Hospital: 
K  Govender*, D Naicker, R Ramjee, M Saley; R K Khan Hospital: 
A Ganesh, A Gounden, C Houston, S Mould, K Naidoo, A Nansook, 
N Rorke*, S Tarr; St Aidan’s Hospital: T Ramsamy; Stanger Hospi
tal: W Kuhn, R Matos-Puig*, Z Moolla*. 

Limpopo Province. Pietersburg Provincial Hospital: M A Baloyi, 
L  Bashiya, A Bogoslovskiy, M I Diale, N Escober, M E Gonzalez, 
D Horzstynski, P K Legodi, M E Maboya, R K Maila, A Z Machowski, 
M V Mashile, O R Masia, J N Masipa, M S L Masotja, R Mavhungu, 
M S Mokoena, T Mukwevho, S Z Mzezewa, E V Neluheni, D S Nesen
gani, S Omoding, L O Orjiako, N Perez, S S Pillay*, M Rambau, 
R Ramos, H Raura, B Ryabchiy, T O Sadiki, M D Seshibe, O S Taran, 
E N Thwala, B Woldu.

Mpumalanga Province. Rob Ferreira Hospital: C Chikwiri, C A Cumbi, 
M Dalton, N P Godi, S B Ibirogba, P R Jujuju*, N R Mahlalela, F A Steyn, 
A J Troskie, J Vosloo.
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North West Province. Job Shimankana Tabane Hospital: T D Kibibi, 
A J M Lubamba, S J Moumakoe*, K Pege, W Seboni.

Northern Cape Province. Kimberley Hospital Complex: P Anderson, 
A Conradie, M de Swardt*, M de Villiers, J Eikman, R Liebenberg, J Mou
ton, A Paton, L van der Merwe, C Wilscott-Davids.

Western Cape Province. Eerste River Hospital: H Maharaj*, C Strauss; 
George Provincial Hospital: D Tait, M Jordaan*; Groote Schuur 
Hospital: K Bergh, M E Casey, E Cloete*, R Dyer, S Jeffrey, D  Khan, 
W Makhambeni, D C Nolte, G Picken, J Swanevelder, D Visu; Helder
berg and Karl Bremer Hospitals: M Jaworska*; Khayelitsha District 

Hospital: H Lalkhen, H Maharaj*, S Serfontein; Mitchells Plain Hospi
tal: T Biesman-Simons, S Carolissen, S Erasmus, J Holm, L Hoole, 
J  Roos*, R Sauls, I Slabber, J van Schoor; Paarl Hospital: G  Davies*, 
V  Koller; Somerset Hospital: A Reed*, H Steinhaus; Tygerberg 
Hospital: I Conradie*, R Dannatt, M du Plessis, L du Preez, K du Toit, 
C Fourie, C Gildenhuys, A Gretschel, Y Loots, P Marwick, Y Ngcwama, 
R Rautenbach, P Scheepers, N Terblanche, F H van der Merwe, R van 
Rensburg, A Vermeulen, S Vlok, S Watcham; Victoria Hospital: 
N  Fuller*; Worcester Hospital: W Christian, R Duvenage, T Franken, 
G Gobetz, W Hansen, T Kambarami*, M Kok, J Janse van Vuuren.

*Lead hospital investigator.


