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Background: Healthcare-associated infections (HCAIs) are a well-known public health threat; however, published data on the
endemic burden of HCAIs in sub-Saharan Africa are limited. This study aimed to determine the prevalence of primary
bloodstream infection (PBSI), surgical site infection (SSI), lower respiratory tract infection (LRTI) and urinary tract infection
(UTI) at Kimberley Hospital Complex (KHC), Northern Cape.
Methods: A one-day pointprevalence survey was conducted between February 2016 and March 2016 on all patients admitted to
15 selected wards at KHC. The Standardised Centers for Disease Control and National Nosocomial Infection Surveillance Systems
criteria were used.
Results: A total of 326 patients were surveyed and the overall HCAI prevalence rate was 7.67%. This included 4.60% SSIs, 1.53%
UTIs, 0.92% PBSIs and 0.92% LRTIs. Patients with HCAI stayed a mean of 20.8 days compared with 9.1 days for the remaining
patients. Almost 75% (n = 240) of the surveyed patients had one or more recognised risk factors. The most isolated
microorganism among the 11 microorganisms isolated was Klebsiella pneumoniae (36.4%). Half (54.5%) of the isolated
organisms were resistant to penicillin. At the time of the survey, 42.0% of all the patients were on antimicrobials of which
amoxicillin/clavulanic acid was most commonly prescribed (29.9%).
Conclusion: The overall HCAI prevalence rate found in KHC is encouraging, but the prevalence of SSI is of concern. Further
studies are needed to identify risk factors and target this as an area where preventative interventions can be implemented.
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Introduction
Healthcare-associated infections (HCAIs) originate in patients
while admitted to hospital, denoting a new disorder that was
not present/incubating at the time of admission or the residual
of an infection acquired during a previous admission.1 The
terms ‘hospital-acquired’ and ‘nosocomial’ are often used inter-
changeably, but in essence refer to infections that present for
the first time in hospitalised patients at least 48 hours after
admission.2

Healthcare-associated infections have numerous repercus-
sions such as an increase in disability and morbidity, and
eventually have the potential to result in death. Patients
who develop nosocomial infections increase healthcare
costs by longer length of stay and, as a result, the need for
more diagnostic tests and treatment.3 A World Health Organ-
ization (WHO) study showed that the overall increase in the
length of stay for patients with surgical wound infections
was 8.2 days, ranging from 3 days for gynaecology to 9.9
days for general surgery and 19.8 days for orthopaedic
surgery.3 There are also indirect costs to the patient secondary
to possible loss of income and inability to provide for the
needs of the family. Legal costs cannot be ignored in the
present environment of litigation, especially when nosocomial
infections are often attributed to negligence or substandard
health care.4

Many patient factors influence the acquisition of nosocomial
infections, such as age, immune status, pre-existing disease
and diagnostic or therapeutic interventions. Paediatric and ger-
iatric patients are especially prone to infection.3 Patients with
chronic diseases, such as malignant tumours, diabetes mellitus,
renal failure or AIDS are vulnerable to infections, especially to
opportunistic organisms.3 Modern diagnostic and therapeutic
procedures (biopsies, endoscopic examinations, catheterisation,
intubation/ventilation and surgical procedures) also increase the
risk of contracting HCAIs. Other contributing risk factors are
crowded conditions within the hospital, frequent transfers of
patients from one unit to another, and concentration of patients
highly susceptible to infection, such as neonates, burn patients
and patients in intensive care units (ICU), in one area.4 Infections
caused by antimicrobial-resistant pathogens are a major
concern and HCAIs are therefore becoming more difficult and
costly to manage and treat. Yet, it has been noted that 15–
30% of HCAIs may be avoidable.5

Surveillance refers to the systematic, ongoing observation of the
occurrence and distribution of disease in a population and the
events or conditions that increase or decrease the risk of
disease.6 The gold standard for HCAI surveillance would be pro-
spective, on-site, continuous, hospital-wide surveillance, but this
kind of approach requires numerous resources. Point prevalence
surveys are the most common type of surveillance done because
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they are less demanding when it comes to human and technical
resources.7

A meta-analysis done in 2011 found that 66% of developing
countries worldwide had no published data on the endemic
burden of HCAI. Yet the available evidence is sufficient to raise
concerns that nosocomial infections are significantly adding to
the already high burden of infection in sub-Saharan Africa.2

The true burden of HCAIs in South Africa is poorly studied. It is
assumed to be higher in the public sector compared with the
private sector. This uncertainty does not assist in directing the
scarce resources at our disposal effectively. More detailed ana-
lyses and reporting of HCAI rates are needed to identify areas
where one can make an impact.8

A prevalence survey, similar in methodology and definitions to
our study, was done in South Africa in 2005 involving four
public and two private healthcare facilities. The combined preva-
lence was 9.7% with the highest rates found in the paediatric
wards. Urinary tract infections and pneumonias were the predo-
minating HCAIs. This was attributed to the fact that more than
half of the public hospital admissions were HIV-related.9 The
extent of the problem of HCAI is poorly defined in the South
African context, as outbreak responses are generally reactive,
not proactive.

Aim and objectives
The aim of this study was to determine the point prevalence of
HCAI at a tertiary hospital in Kimberley, Northern Cape.

Objectives included identifying risk factors in patients suscep-
tible to primary bloodstream infection (PBSI), surgical site infec-
tion (SSI), lower respiratory tract infection (LRTI) and urinary tract
infection (UTI) in healthcare units.

Method

Study design and setting
This is a point prevalence survey conducted at the Kimberley
Hospital Complex (KHC) in the Northern Cape. The aim was to
complete at least one ward per day during the study period
from February 2016 to March 2016.

Kimberley Hospital Complex is a provincial tertiary hospital with
604 beds serving roughly 97 000 patients annually. It serves the
people of Kimberley on a primary, secondary and tertiary plat-
form as well as being a referral centre for the entire Northern
Cape Province. The catchment areas include distant towns
such as Springbok (775 km away), Calvinia (648 km away),
Upington (410 km away), as well as closer towns such as Harts-
water (117 km away) and Barkley West (35 km away).

Study population
The study population consisted of all inpatients who were
present in the selected ward(s) on the day of the survey. The
sample population thus included all patients occupying a bed
in five general surgery wards (n = 134 beds), three internal medi-
cine wards (n = 125 beds), three paediatric wards (n = 111 beds),
two orthopaedic wards (n = 61 beds), one obstetrics and gynae-
cology ward (n = 33 beds) and one ophthalmology ward (n = 24
beds). The inclusion criteria were all eligible patients present in
the selected ward on the day of the survey, provided they were
willing and had given informed consent. Patients in outpatient
areas, emergency departments, burns unit, psychiatry, ICUs,
short-stay wards and rehabilitation units were excluded.

Measurement tool
A standardised and validated data collection form9 was adapted
from the United Kingdom (UK) and pioneered locally by the
Michael Emmerson/South African HCAI surveillance centre (SA-
HISC) at the University of the Witwatersrand. The researchers
used an international coding system developed by the Centers
for Disease Control (CDC) and National Nosocomial Infection
Surveillance Systems (NNIS) that included codes for ward type,
main diagnoses, antimicrobials and microorganism list.10

The data collection form consisted of four sections: survey
details, patient details, HCAI-related risk factors and details of
the HCAI, if identified. Information was entered by using
numbers, letters or crosses. Data collected for each patient
included: age, sex, date of patient admission, main diagnosis,
specialty area of the patient’s care, presence of invasive
devices on the day of the survey, and risk factors, such as dia-
betes and immunodeficiency. Standardised Centers for Disease
Control and Prevention National Nosocomial Infection Surveil-
lance Systems criteria10 were then used to determine if the
patient had one or more active HCAIs present and/or received
antimicrobial treatment for it. For patients identified with
HCAI, the site of infection, date of onset and specific pathogens
were recorded.

Data collection
Data were gathered from nursing notes, medical notes, temp-
erature charts, drug charts, radiology reports, surgical notes, lab-
oratory reports and other relevant charts, such as care plans.

The data collection was done by two of the authors, one of
whom was the main researcher, with the assistance of two infec-
tion control sisters working at the hospital. The main researcher
trained the other members regarding the various aspects of the
data collection by means of group discussions as well as practi-
cal illustrations in the completion of the data collection form.

Pilot study
A total of 26 patients in one of the surgical wards at KHC were
surveyed on June 4, 2015. The aim was to validate the measure-
ment tool by comparing the data collection forms completed by
two independent data collectors surveying the same patients at
the same time. Inter-investigator variability in the collection of
data was assessed.

Statistical analysis
The data were analysed by the Department of Biostatistics,
Faculty of Health Sciences, University of the Free State (UFS),
using SAS/STAT® software, version 9.4 of the SAS System for
Windows (SAS Institute, Cary, NC, USA). The point prevalence
of HCAI was reported as the percentage of patients with at
least one active HCAI out of the total number of patients. The
prevalence of antimicrobial use was reported as the percentage
of patients receiving at least one antimicrobial agent out of the
total number of patients. Odds ratios (ORs) with 95% confidence
intervals (CI) were calculated where relevant.

Ethical consideration
The protocol was approved by the Ethics Committee of the
Faculty of Health Sciences, UFS (ECUFS NR 175/2014) and the
Provincial Health Research and Ethics Committee from the
Northern Cape Department of Health (NC_2015RP26_707). Per-
mission to conduct the study was granted by the Head of Clinical
Management at KHC.

Prevalence of healthcare-associated infection at a tertiary hospital 163



Patients received an information leaflet to explain the study.
Verbal and written informed consent was obtained after expla-
nation of the study in person. For participants younger than
seven years, parents gave consent on behalf of the child. For par-
ticipating children between the ages of 7 and 18 years, parents
gave consent while the children gave assent. There were no
interventions or interference with the management of patients
in the ward. All the information was managed confidentially
and stored securely to minimise access. Databases were pass-
word-protected and the completed questionnaire forms as
well as the consent forms were kept under lock and key.

Results
The study included 326 patients. The overall bed occupancy of
the wards at the time of survey was 66.8% (326/488). The
highest bed occupancy was in paediatrics at 88.3% (98/111)
and the lowest occupancy in ophthalmology at 20.8% (5/24).

As shown in Table 1, just over half of the patients were female
(53.4%, n = 174). The median age of all the patients surveyed
was 46 years (range: 28 days to 91 years). The highest percen-
tage of patients was in the age group 0–5 years (27.0%) followed
by 23.9% in the age group 51–70 years.

The overall point prevalence of HCAI was 7.67% (n = 25). There
was a slightly higher prevalence of HCAI among male patients
(7.89%) compared with female patients (7.47%). Age was
treated as a categorical variable and distributed into the follow-
ing age groups: 0–5 years, 6–15 years, 16–30 years, 31–50 years,
51–70 years, and > 70 years. The highest prevalence of HCAI was
in the age group 31–50 years (12.86%) and the lowest in the age
group > 70 years (4.17%). The orthopaedic wards had the
highest prevalence (15.56%) of patients with HCAI and the
lowest was in ophthalmology where none of the five patients
had an HCAI. As shown in Figure 1, the mean length of stay
for the infected patients was 20.8 days (95% CI 12.1 to 29.4),
while the mean length of stay for the remaining patients was
lower at 9.1 days (95% CI 7.8 to 10.5).

Of the 25 patients with HCAI, only one patient, admitted to a
general surgery ward, had two HCAIs (SSI and UTI) resulting in
a total HCAI burden of n = 26. Table 2 shows that almost 60%
of HCAIs were SSIs, mostly superficial incisional. The prevalence
of SSI in all the patients surveyed was 4.60%. Primary BSI and
LRTI had the lowest prevalence of 0.92% each.

The three cases of LRTI were diagnosed on clinical grounds and
X-ray changes with no microbiological confirmations. Three of
the five UTIs were microbiologically confirmed and identified
as Candida albicans, Klebsiella pneumoniae and Enterobacter
cloacae.

Risk factors
Almost three-quarters (73.6%, n = 240) of the 326 surveyed
patients had one or more of the 12 listed risk factors. Half
(50.9%) of all the patients had a peripheral vascular catheter
inserted, 10.4% a urinary catheter and 1.5% a central

Table 1: Point prevalence of healthcare-associated infections according to patient characteristics

Factor All patients (n) Patients with HCAI (n) Prevalence of HCAI (%) OR (95% CI)

326 25 7.67 –

Sex:

Male 152 12 7.89 1.06 (0.46–2.40)

Female 174 13 7.47 1

Age groups (years):

0–5 88 5 5.68 1.39 (0.15–12.46)

6–15 15 1 6.67 1.64 (0.10–28.41)

16–30 50 4 8.00 2.00 (0.21–18.93)

31–50 70 9 12.86 3.39 (0.41–28.30)

51–70 78 5 6.41 1.58 (0.18–14.18)

> 70 24 1 4.17 1

Per ward:

General surgery 78 6 7.69 1

Internal medicine 73 3 4.11 0.51 (0.12–2.14)

Paediatrics 98 6 6.12 0.78 (0.24–2.53)

Orthopaedics 45 7 15.56 2.21 (0.69–7.05)

Obstetrics and gynaecology 27 3 11.11 1.5 (0.35–6.47)

Ophthalmology 5 0 0 0

CI: confidence interval; HCAI: healthcare-associated infection; OR: odds ratio.

Figure 1: Boxplot of days in hospital for patients with and without
healthcare-associated infections.
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intravascular catheter. A quarter (26.1%) of the patients had
undergone surgery and 22.7% were immunodeficient.

None of the following risk factors was noted in patients diag-
nosed with HCAI: parenteral nutrition, chemotherapy, central
intravascular catheter, or mechanical ventilation. For the 25
patients with HCAI: 64.0% (n = 16) had a peripheral vascular
catheter inserted, 56.0% (n = 14) were post-surgery, 24.0%
(n = 6) had an immunodeficiency and 20.0% (n = 5) had a
urinary catheter in situ. Three patients (12.0%) had diabetes
and one patient (4.0%) was diagnosed with neutropenia.
One patient (4.0%) received a blood transfusion and one
patient (4.0%) was on steroids.

Table 3 shows the prevalence of HCAI among all the surveyed
patients with and without the listed risk factors. The only statisti-
cally significant difference between the two groups was for
surgery (p-value < 0.001) with increased odds of 4.12.

As can be seen in Table 3, certain risk factors were associated
with higher prevalence of HCAI such as surgery at 16.47% and
urinary catheter at 14.71%. In comparison, patients with immu-
nodeficiency (includes patients with AIDS, HIV with CD4 < 500,
leukaemia and lymphomas) had a prevalence of 8.11%. Patients

had between one and five risk factors, with a median of two risk
factors.

Antimicrobial treatment
Overall, 137 (42.0%) patients were treated with at least one anti-
microbial agent. Amoxicillin/clavulanic acid was the prominent
drug of choice and this was uniform among the various
disciplines.

Of the 25 patients with HCAI, nine (36.0%) were prescribed
amoxicillin and an enzyme inhibitor – co-amoxiclav. Three
patients (12.0%) were not on antimicrobial therapy. Antimicro-
bial therapy for the remaining patients with HCAI included ampi-
cillin (n = 3), ciprofloxacin (n = 3), sulfamethoxazole and
trimethoprim (co-trimoxazole), fluconazole, gentamicin/ampicil-
lin, ceftriaxone, amoxicillin, azithromycin, and gentamicin (n = 1
each).

Eleven organisms were isolated among the patients with HCAI
who had specimens sent for microbiological evaluation. This
included four cases of Klebsiella pneumoniae, two cases of Pseu-
domonas aeruginosa, two cases of Staphylococcus aureus and
one case each of Candida albicans, Acinetobacter baumannii
and Enterobacter cloacae. Half (54.5%, n = 6) of the isolated

Table 2: Prevalence rates according to the type of healthcare-associated infections (n = 26)

Type of HCAI Types of organisms isolated
Number of

occurrences (n)

Percentage of total
number of HCAIs (%)

n = 26

Prevalence of HCAI by infection
type among patients surveyed

(%) n = 326

Primary
bloodstream
infection

Klebsiella pneumoniae 3 11.5 0.92

Surgical site
infection

15 57.7 4.60

Superficial
incisional

Staphylococcus aureus; Pseudomonas
aeruginosa; Klebsiella pneumoniae;
Aeromonas species

10 38.5 3.07

Deep incisional Acinetobacter baumannii;
Staphylococcus aureus

4 15.4 1.23

Organ/space nil cultured 1 3.8 0.31

Lower respiratory
tract infection

nil cultured 3 11.5 0.92

Urinary tract
infection

Candida albicans; Klebsiella pneumoniae;
Enterobacter cloacae

5 19.2 1.53

HCAI: healthcare-associated infection.

Table 3: Risk factors for healthcare-associated infections (n = 326)

Risk factor

Prevalence of HCAI in patients with and without risk factors

OR (95% CI)

With risk factor Without risk factor

All
patients

(n)
Patients with

HCAI (n)
Prevalence

(%)

All
patients

(n)
Patients with

HCAI (n)
Prevalence

(%)

Peripheral vascular
catheter

166 16 9.64 160 9 5.63 1.79 (0.76–4.18)

Surgery 85 14 16.47 241 11 4.56 4.12 (1.79–9.49)

Immunodeficiency 74 6 8.11 252 19 7.54 1.08 (0.42–2.82)

Diabetes 46 3 6.52 280 22 7.86 0.82 (0.24–2.85)

Urinary catheter 34 5 14.71 292 20 6.85 2.35 (0.82–6.72)

Steroids 31 1 3.23 295 24 8.14 0.38 (0.05–2.88)

Blood transfusion 25 1 4.00 301 24 7.97 0.48 (0.06–3.71)

Neutropenia 11 1 9.09 315 24 7.62 1.21 (0.15–9.88)

CI: confidence interval; HCAI: healthcare-associated infection; OR: odds ratio.
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organisms were resistant to penicillin, 36.4% (n = 4) were resist-
ant to cephalosporin and 27.3% (n = 3) were resistant to
aminoglycosides.

Discussion
This was the first point prevalence survey of HCAI conducted at
KHC. The overall prevalence rate was found to be 7.67%. Among
the individual infection types investigated, the highest preva-
lence was for SSI (4.60%) followed by UTI (1.53%) with PBSI
and LRTI both at 0.92%. Superficial incisional subtype made up
almost 67% of the SSIs.

Healthcare-associated infections (HCAI) were found to result in
significantly longer lengths of stay. The direct and indirect
costs of increased lengths of stay due to HCAIs are well
described,4 and the WHO3 notes that not only are ‘the economic
costs [are] considerable… [but] the increased length of stay for
infected patients is the greatest contributor to cost’ (emphasis
added). In a country such as South Africa with an overburdened
healthcare system, these costs seem too expensive to afford.

The UK has been a forerunner in conducting HCAI prevalence
surveys, already completing three massive surveys involving
multiple countries.11–13 The HCAI prevalence rate varies
among countries with Germany having a low rate of 3.5%
while countries with lower socioeconomic backgrounds, such
as Tunisia, have rates as high as 17.9%.14,15

An HCAI prevalence survey, using methodology similar to our
study, was conducted in 2008 at 39 hospitals in different pro-
vinces in Argentina.6 The authors of the Argentinian study also
compared their results with results from England, Wales,
Ireland and South Africa.9,16 As shown in Table 4, the overall
HCAI point prevalence rate at KHC was lower than the rates
reported for Argentina and Gauteng, South Africa, but compar-
able to the England andWales rates. Onemust keep in mind that
ours was a single hospital survey while other surveys included
many hospitals. Therefore, in a South African context, if many
hospitals were involved with variable prevalence rates, the
overall rate in South Africa may be higher than that at KHC.
However, in South Africa, the national prevalence survey is still
insufficiently representative for comparison.

Similarly, results from the surveys done in England, Wales and
Ireland,16 Argentina,6 as well as studies done in Iran7 and in
the United States17 showed that SSI seemed to be the most pro-
minent HCAI, even though the overall prevalence rates varied
between the different countries. In comparison, PBSIs were

found to be more prevalent in the Gauteng study in South
Africa compared with the other HCAIs.9 This can be explained
by the fact that the hospitals involved in the Gauteng study
included two academic hospitals and two large private hospitals.
The use of central intravascular catheters and other invasive pro-
cedures was more common and may have contributed to the
high rate of PBSI.9

The high odds ratio of 4.12 of surgery as a risk factor for HCAI
confirms the link between the surgery performed at KHC and
the development of HCAI. The strong link between surgery
and SSI is apparent. This calls for prevention of SSI by adherence
to sterile techniques while busy with surgical procedures at KHC.

Overall, 137 (42.0%) patients were treated with at least one anti-
microbial agent. The most prominent resistance profile was to
penicillin (54.5% of the 11 isolated organisms). Amoxicillin/cla-
vulanic acid was the prominent drug of choice and this was
uniform among the various disciplines. A possible explanation
of high resistance to penicillin may be due to the prominent
use of amoxicillin/clavulanic acid across all disciplines.

The most prevalent microorganism was Klebsiella pneumoniae
(36.4% of the 11 isolates in patients with HCAI). This is of
concern, as the principal pathogenic reservoirs for transmission
of Klebsiella are the gastrointestinal tract and the hands of hos-
pital personnel. The ability of this organism to spread rapidly
often leads to nosocomial outbreaks, especially in neonatal
units. Strict adherence to basic epidemiological standards for
the management of urinary catheters, intravenous drips, tra-
cheostomies, wounds, maintenance and care of equipment,
and good hand hygiene practices aid in preventing the spread
of nosocomial Klebsiella infections.18

Strengths and limitation of study
Standardised tools and methodology were used to conduct this
study, making it comparable to other national and international
studies. However, being a point prevalence survey at a single
hospital site, there is a short period of observation leading to
possible bias towards identifying HCAI and antimicrobial use
for those infections with a longer duration of illness and
longer inpatient stays as well as the inability to capture out-
breaks of HCAI occurring between surveillance time-points.

The confidence intervals for the sub-strata were wide and in
many cases overlapping, suggesting large variability in HCAI
data. This is due to the small sample size in this study compared
with national studies that had higher numbers of patients, and

Table 4: Comparative healthcare-associated infection rates for Kimberley Hospital Complex and South Africa, Argentina, Ireland, Wales and England

HCAI prevalence (%)

Location Overall
Primary bloodstream

infection
Lower respiratory tract

infection
Surgical site infection
(surgical patients only)

Urinary tract
infection

Kimberley Hospital
Complex

7.67 0.92 0.92 4.60 1.53

Gauteng, South
Africa6,9

9.73 5.01 2.88 3.00 1.53

Argentina6 11.30 1.46 3.32 10.19 3.13

Republic of
Ireland6,16

4.87 0.49 0.86 4.56 1.10

Northern Ireland6,16 5.43 0.38 1.29 3.69 1.84

Wales6,16 6.35 0.56 0.68 4.56 1.08

England6,16 8.19 0.62 1.27 4.65 1.80
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can only be addressed by extending the surveys across many
sites nationally.

The exclusion of ICUs from the survey may have a significant
impact on the overall HCAI prevalence rate as critical care
units contribute highly to HCAI prevalence, or often are the
areas of a hospital with the highest prevalence of HCAIs.

Conclusion
In conclusion, this was the first HCAI prevalence survey per-
formed at KHC, and demonstrated an HCAI prevalence rate of
7.67%with SSIs predominant at 4.60%. This rate was comparable
to studies done in other countries and shows a similar trend with
predominance of SSI. This survey has provided a baseline against
which future prevalence surveys can be compared. In the
absence of targeted incidence surveillance, future repeat preva-
lence surveys can be an effective means of measuring the
impact of interventions over time.

Recommendations

. Recognition and encouragement of operating theatre dis-
cipline should be emphasised regarding handwashing
techniques, cleaning of surfaces and equipment, aseptic
procedures, etc. to enhance behavioural change by all
members who work in theatre.

. Sustained education of all clinical staff on the methods of
prevention of HCAI.

. Implementing standard precautions, particularly best hand
hygiene practices at the bedside.

. Patients scheduled for surgery need to be administered
preoperative antibiotics 1–2 hours prior to incision,
especially if surgery involves high risk of contamination
(e.g. bowel surgery with rupture).

. Repeated pointprevalence surveys are needed to trace the
changes in HCAI epidemiology in different years or seasons.

. Future surveys that are bigger, involving ICUs and inclusion
of other facilities in the Northern Cape.

We hope that these findings will encourage the Northern Cape
Department of Health and the KHC management to support
further larger provincial wide, and repeated, surveillance and
to facilitate strategies for the prevention and control of HCAI
in KHC as well as the Northern Cape as a whole.
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