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Abstract 

Background: The South African Ward Based Primary Health Care Outreach Team (WBPHCOT) policy framework states 
that the distribution of community health workers (CHWs) should be proportional to levels of poverty and disease 
within the population. We aimed to describe the spatial distribution of CHWs in relation to the prevalence of the 
Human Immunodeficiency Virus (HIV) which has itself been associated with poverty in previous studies.

Methods: This was a descriptive, cross‑sectional study in which secondary data was used for geospatial analysis. 
Based on the extrapolation from the norm of one WBPHCOT per 6000 individuals, we utilized geographic informa‑
tion system (GIS) methods to visualize the distribution of CHWs in relation to the prevalence of HIV in KwaZulu‑Natal 
(KZN). Dot density mapping was used to visualize the random distribution of CHWs in relation to HIV prevalence and 
population in the districts. The districts’ HIV prevalence, number of PLWH, ratio of CHW: people living with HIV (PLWH), 
ratio of CHW: population and poverty scores were mapped using choropleth mapping. MapInfo Pro 17.0 was used to 
map geospatial presentation of the data.

Results: Overall, KZN province showed under allocation of CHWs with a CHW: people ratio of 1: 1156 compared to 
the estimated norm of 1: 600–1000. At district level, only two of 11 districts met the suggested norm of CHW: PLWH 
(1: 109–181). This indicates shortages and misallocation of CHWs in the nine remaining districts. Furthermore, our 
findings showed extensive geospatial heterogeneity with no clear pattern in the distribution of CHWs. There was no 
relationship between CHW distribution and HIV prevalence or poverty scores in the districts.

Conclusion: This study shows inequality in the distribution of CHWs which may be associated with inequalities in the 
provision of HIV related services. It is critical to strengthen the response to the HIV epidemic through the appropriate 
distribution of CHWs especially in those districts with high levels of HIV prevalence and poverty.
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Background
KwaZulu-Natal (KZN) province has the highest preva-
lence of Human Immunodeficiency Virus (HIV) among 
adults in South Africa (at 18.1%), [1] as well as the highest 

HIV prevalence among pregnant women (of 41.1%) [2]. 
According to Statistics South Africa (Stats SA), there are 
just over two million people living with HIV (PLWH) [3].

Previous studies have shown that a relationship exists 
between HIV and poverty [4–11]. This complex associa-
tion has been demonstrated in South African and glob-
ally [6, 8, 9, 11]. Of the total population of 11,065,240 
million in KwaZulu-Natal [12], 3.2 million people live in 
conditions of extreme poverty [13]. KwaZulu-Natal is the 
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third poorest province in South Africa, with communi-
ties in the rural areas having particularly high levels of 
poverty [14, 15]; these have been associated with high 
HIV prevalence [16–19].

Despite considerable progress made by the KZN 
province in addressing the HIV epidemic, the HIV inci-
dence remains high especially among adolescent girls 
and young women [20]. Community health workers 
(CHWs) have been shown to be effective in mitigating 
the HIV pandemic through their provision of chronic 
disease support; they are also increasingly recognized as 
a cost-effective cadre of health worker which mitigates 
staff-shortages in different settings [21]. In KZN, CHWs 
should be deployed preferentially to impoverished com-
munities, where access to health care facilities has been 
shown to be poor [14, 22–24]. They are to first serve 
communities living on less than Statistics South Afri-
ca’s upper bound poverty line of R1183 per person per 
month, calculated on the cost of basic needs [23, 25].

However, due to shortages of CHWs in KZN, some 
communities do not receive the HIV services offered by 
them [22] and hence miss an opportunity to be linked to 
healthcare [26, 27].

As part of the re-engineering of primary healthcare 
(PHC) in 2010, the South African Department of Health 
(NDoH) launched a Ward-Based Primary Health Care 
Outreach Team (WBPHCOT) policy framework [23]. It 
is on this policy framework that the study is based and 
from which the CHW distribution ratios are extrapo-
lated. The WBPHCOT is supervised by an outreach team 
leader (OTL) who is usually a nurse and the CHWs are 
key components of the team.

The roles of CHWs have been expanded as a strategy 
to strengthen HIV healthcare services and provide lon-
gitudinal patient support in KZN [21, 28, 29]. The HIV 
services that CHWs provide include patient support 
(counselling, home-based care, education, adherence 
support and livelihood support) and health service sup-
port (screening, referral and health service organization 
and surveillance) [21, 28–30]. Community HIV interven-
tions by CHWs have been seen as an important predic-
tor of HIV treatment success [31]. The community HIV 
interventions include linking PLWH to HIV healthcare, 
promoting ART adherence, and improving retention in 
care [21, 32–34].

The distribution of CHWs is influenced by community 
poverty, distance and travel time between households, 
demographic characteristics of the population and the 
burden of disease in the particular population [23]. This 
is in line with the suggestion of the World Health Organi-
zation (WHO), that understanding the local geography 
and the disease epidemiology will assist in optimizing 
the CHW programme [35, 36]. This can be achieved 

using geospatial analysis. In HIV related research, geo-
spatial analysis has been successfully used, for exam-
ple, to map male medical circumcisions [37], determine 
areas of high HIV prevalence [38], and determine spatial 
relationships between HIV prevalence and social covari-
ates [10]. Therefore, using geospatial analysis, our study 
aimed to map and describe the distribution of CHWs in 
relation to the HIV prevalence in the districts where they 
are deployed. The objectives of the study were to describe 
CHW distribution in relation to the district population, 
HIV prevalence and poverty scores in the districts.

The study findings will therefore illuminate shortfalls 
and strengths in the allocation of CHWs in relation to the 
HIV prevalence in each KZN district and highlight areas 
of need.

Study methods
Study setting
The study was conducted in KZN, the province with 
the second largest population in SA. KwaZulu-Natal 
has a population of 11,065,240 million which translates 
to 19.7% of the South African population [12, 39]. As 
seen in Fig. 1., KZN comprises 11 districts, namely Ugu, 
uMgungundlovu, uThukela, uMkhanyakude, King Cet-
shwayo, Harry Gwala, uMzinyathi, Amajuba, Zululand, 
iLembe and eThekwini (which is classified as a metro-
politan municipality). While eThekwini is the smallest in 
terms of land area size, it is the most populous district in 
the province [3].

Zululand covers the largest proportion of land area 
in the province, spanning approximately 14,800  km2. It 
accounts for about 15,7% of the total land area of KZN 
[12] as seen in Table 1.

The uMgungundlovu District Municipality is home to 
Pietermaritzburg, the capital city of KZN [39]. Table  1. 
tables the population density and land size of the districts 
and as well as the degree of urbanization for each district. 
As seen in Table  1., KZN has a mixture of rural, urban 
and semi-urban districts.

Study design
The study was a descriptive, cross sectional study. We use 
secondary data from different sources mentioned below 
to conduct geospatial analysis.

Data sources
To describe the distribution of CHWs in the province in 
relation to HIV prevalence for each district, the num-
ber of CHWs allocated to each district was obtained 
from the Human Resource Department of the KZN 
Department of Health (KZN-DoH) in 2019. The CHWs 
were all employed and paid a stipend by the KZN-DoH. 
The CHW information can only be obtained from an 
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Fig. 1 Map of KwaZulu‑Natal Province showing 11 districts [Source: Eyethu KZN]

Table 1 District population density and land size in the KwaZulu‑Natal districts

a KwaZulu-Natal Community Survey, 2016
b KwaZulu-Natal district profiles (https:// www. cogta. gov. za/ ddm/ index. php/ 2020/ 07/ 06/ kwazu lu- natal- profi les/)

District Size of district  (km2)a Proportion of KZN land area 
(%)a

Population density (persons per 
 km2) a

Degree of 
 urbanizationb

uMkhanyakude 13,855 14.68 50 rural

Zululand 14,799 15.68 60 rural

uThukela 11,134 11.79 63 semi‑urban

Amajuba 7102 7.52 75 urban

uMzinyathi 8652 9.16 64 rural

uMgungundlovu 9602 10.17 114 semi‑urban

iLembe 3269 3.46 201 semi‑urban

King Cetshwayo 8213 8.70 118 urban

eThekwini 2556 2.70 1448 semi‑urban

Harry Gwala 10,386 11.00 49 rural

Ugu 4791 5.07 157 urban

https://www.cogta.gov.za/ddm/index.php/2020/07/06/kwazulu-natal-profiles/
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authorized user at KZN-DoH, HR department. It is 
obtained as an anonymized excel spreadsheet with num-
bers of staff categories in each clinic.

For the KZN HIV prevalence, we used data from The 
South African National HIV Prevalence, Incidence, 
Behaviour and Communication Survey [1]. The South 
African National HIV Prevalence, Incidence, Behav-
iour and Communication Survey is a cross-sectional, 
population-based, household survey conducted using 
multi-stage stratified cluster random sampling; it is cur-
rently used to estimate the official national and provincial 
prevalence of HIV in South Africa [1]. The last one was 
conducted in 2017 when the KZN HIV prevalence was 
recorded as 18.1% [1], which is the rate used in this study.

The district HIV prevalence data was obtained from 
the 2017 South African, National Antenatal Sentinel HIV 
Survey Report which describes antenatal HIV prevalence 
in pregnant women between the ages of 15–49 years [2].

The number of PLWH in the districts was estimated 
from the number who tested positive for HIV in 2017 
obtained from the KZN-DoH District Health Informa-
tion System (DHIS). This is a database that houses health 
related data used for planning and management of health 
service delivery [40] .

The KZN district shapefiles, which store digital infor-
mation such as the geometric location of the districts, 
were obtained from the Geographical Information Sys-
tem (GIS) Unit of KZN-DoH.

Poverty data was obtained from the South African 
Multidimensional Poverty Index (SAMPI) collected and 
reported by Stats SA [41] . The SAMPI, is based on the 
Alkire-Foster method and provides another powerful 
tool in Stats SA’s ongoing efforts to measure poverty and 
deprivation in the country [41]. The strength of this index 
using census data rests in the ability to reliably map pov-
erty down to the specific geographical level required [41]. 
The SAMPI is an indicator used to measure poverty and 
is made up of several factors which include poor health, 
lack of education, inadequate living standards, lack of 
income, disempowerment, lack of decent work and 
threat from violence [41, 42]. In this study, SAMPI will be 
referred to as the Multidimensional Poverty Index (MPI).

Estimating the CHW: PLWH ratio
We estimated the CHW: PLWH ratio as an extrapolation 
from the norm of one WBPHCOT per 6000 individuals 
[23] and the 18.1% HIV prevalence for KZN [1]. Consid-
ering the 18.1% HIV prevalence in the province [1], we 
estimate that one WBPHCOT serves 1086 PLWH. Each 
WBPHCOT should include between 6 and 10 CHWs [23] 
which implies that one CHW should visit between 109 
and 181 PLWH, that is, a ratio of 1:109–181.

We estimated the number of PLWH based on the 
total number of people that had tested positive for HIV 
in the districts by 2018. This data is available on the 
KZN-DoH DHIS [40]. Statistics South Africa (Stats SA) 
reported that there are 2,133,000 million PLWH in KZN 
[3] whereas in the DHIS, the total number of people that 
tested positive for HIV were 2,775,039. In order to err on 
the side of over-estimating rather than under-estimating 
the number of PLWH in KZN, we used DHIS data to esti-
mate the number of PLWH in the districts.

Geospatial analysis
Geospatial analysis, using MapInfo Pro 17.0, was used to 
create visualizations of the distribution of CHWs in rela-
tion to the HIV prevalence, number of PLWH, district 
populations, CHW: PLWH ratio’s and poverty scores. 
Geospatial analysis is a GIS based approach used to ana-
lyze geographical referenced information using methods 
such as statistics, information theories, and geo-visuali-
zation techniques [43]. Dot density mapping, where one 
dot represented 32 units, was used to visualize the ran-
dom distribution of CHWs in relation to HIV prevalence 
in the districts. The districts’ HIV prevalence, number 
of PLWH, population, CHW: PLWH ratio and poverty 
scores were mapped using choropleth mapping, with 
intense and light colours representing the relevant data in 
each map. Shapefiles obtained from the GIS Unit of the 
KZN-DoH, were used to define the geographical loca-
tions of districts, district population, CHWs and PLWH. 
MapInfo Pro 17.0 conducts built-in thematic layering 
equations, scoring mechanism and analysis of the data 
imported to create univariate or bivariate thematic maps 
that superimpose two variables, for example CHW distri-
bution and HIV prevalence.

Results
Community health workers distribution per district 
population
According to the Human Resource (HR) department of 
KZN Department of Health (KZN-DoH), the province 
has 9573 CHWs and 557 WBPHCOTs (HR, KZN-DoH, 
March 2019). The norm as per the WBPHCOT policy 
framework, requires that each CHWs serve between 
600 and 1000 people, a ratio of 1:600–1000. As seen in 
Table 2., KZN province has a smaller ratio of 1: 1156 indi-
cating an inappropriate distribution and a shortage of 
CHWs in the province. The CHW: people ratio ranged 
from 1: 630 (Harry Gwala district) to 1: 2370 (eThekwini 
district).

Of the 11 districts, seven (64%) met the distribution 
norm of CHW: people ratio and four (36%) did not. 
Although the majority of the districts showed sufficient 
numbers of CHWs, there was no clear pattern in the 
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allocation of CHWs in general. The two districts with the 
highest population, that is, eThekwini and uMgungund-
lovu, show the greatest shortage of CHWs with ratios of 
1:2370 and 1: 1356 respectively. As seen in Fig. 2, eThek-
wini has the highest population and has the greatest 
shortage of CHWs. The other example of the unexplain-
able misallocation of CHWs in the districts, is seen in the 
example of uMgungundlovu and Harry Gwala districts. 
As seen in Fig.  2., uMgungundlovu district has almost 
twice the population of Harry Gwala district. However, 
uMgungundlovu district has almost the same number of 
CHWs as Harry Gwala district (808 versus 811).

As seen in Fig. 2., the district with the lowest popula-
tion, Harry Gwala, had the highest CHW: people ratio of 
1:630 which met the norm suggested by the WBPHCOT 
policy framework. However, Amajuba district, which 
has the second lowest population, had one of the low-
est CHW: people ratio of 1: 1096, that did not meet the 
suggested norm. The district with second highest CHW: 
people ratio of 1:699 was iLembe district. However, 
iLembe is one the districts with the highest populations. 
The other distinct misallocation of CHWs is noted when 
comparing King Cetshwayo and uMgungundlovu dis-
tricts. King Cetshwayo district has a smaller population 
compared to uMgungundlovu district but was allocated 
more CHWs than uMgungundlovu. Overall, the major-
ity of the districts showed an appropriate distribution of 
CHWs and hence sufficient CHWs. However, the distri-
bution of CHWs in the districts did not follow an obvious 
pattern.

Community health workers distribution, HIV prevalence 
and CHW: PLWH ratio
As mentioned above, from the extrapolation of CHW: 
PLWH based on the KZN prevalence of 18.1%, a 
CHW:PLWH was calculated as 1: 109–181. As seen in 
Table  3., KZN has a CHW:PLWH ratio of 1: 290 which 
translate to shortage of CHWs in the districts. As seen 
in Fig. 3., only three districts, namely, iLembe, uThukela 
and uMkhanyakude met the estimated norm for the 
CHW: PLWH ratio, with ratios of 1: 137, 1: 154 and 1:154 
respectively. While these three districts have varying HIV 
prevalences, they are the districts with the lowest num-
bers of PLWH which probably contributed to their higher 
CHW: PLWH ratio.

As seen in Fig.  3., the two districts with the lowest 
CHW: PLWH ratio, indicative of a severe shortage of 
CHWs, were eThekwini and uMgungundlovu districts 
with ratios of 1: 618 and 1: 342 respectively. However, 
eThekwini district has a higher number (1562) of CHWs 
compared to uMgungundlovu district (808) which has 
the fourth lowest number of CHWs in the district. As 
seen in Fig.  4A, these two districts (and particularly 
eThekwini district) also have the highest HIV prevalence 
and highest numbers of PLWH, which may explain their 
low CHW: PLWH ratio. As seen in Fig. 4B., the intense 
colours of Ugu and iLembe districts indicate high HIV 
prevalence. However, unlike eThekwini, uMgungund-
lovu and Ugu, iLembe district met the estimated CHW: 
PLWH (1: 137) which was in fact the highest in the 
province.

Table 2 The general distribution of CHWs in relation to district population in KwaZulu‑Natal

a [Source: KwaZulu-Natal Community Survey, 2016 (Statistics, South Africa]
b [Source: KwaZulu-Natal Department of Health, Human Resource Electronic Persal system, 2019]

Province/District District  populationa Number of  CHWsb CHW: People 
ratio
Norm = 1CHW: 
600–1000 
people

KwaZulu-Natal 11,065,240 9573 1: 1156

Within the norm Harry Gwala 510,865 811 1: 630

iLembe 657,612 941 1: 699

uMkhanyakude 689,090 817 1: 843

Zululand 892,310 1008 1: 885

uThukela 706,588 787 1: 898

Ugu 753,336 824 1: 914

King Cetshwayo 971,135 1035 1: 938

Out of the norm Amajuba 531,327 485 1: 1096

uMzinyathi 554,882 495 1: 1121

uMgungundlovu 1,095,865 808 1: 1356

eThekwini 3,702,231 1562 1: 2370
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UMkhanyakude and Amajuba districts have the first 
and second lowest HIV prevalences of 35 and 36.4% 
respectively. However, only uMkhanyakude district met 
the required CHW: PLWH ratio with a ratio of 1: 154 
due to its higher numbers of CHWs (817) and lower 
numbers of PLWH (125461) compared to Amajuba. 

The low CHW: PLWH ratio in Amajuba district (1:301) 
is indicative of a shortage of CHWs. As seen in Table 3., 
Amajuba had the fewest CHWs (485) compared to other 
districts. Conversely, although King Cetshwayo district 
had the second highest number of CHWs in the province 
(1035), they also had a CHW: PLWH ratio (1: 217) that 

Fig. 2 Bivariate choropleth map showing spatial distribution of CHWs (dots) in relation to district populations in KwaZulu‑Natal districts. The high 
intensity colours representing the most populous districts
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is indicative of a shortage of CHWs due to a high num-
ber of PLWH (224,875, which is the fourth highest in the 
province).

The misallocation of CHWs is worse in some districts 
than in others. Despite the differences in their population 
sizes, Harry Gwala and uMgungundlovu districts have 
distinct misallocation of CHWs based on their HIV prev-
alences as seen in Fig.  4B. Harry Gwala district has an 
HIV prevalence that is 7.4% lower than that of uMgun-
gundlovu district. However, the two districts have almost 
an equal number of CHWs.

Community health workers’ distribution as per poverty 
scores in the districts
As seen in Table 3, and Fig. 5, the richest districts with a 
MPI score of 0.02, namely, uMgungundlovu and eThek-
wini, not only have the same MPI score but are also the 
most populous in the province, and have the highest 
number PLWH, lowest CHW: people ratio and lowest 
CHW: PLWH. In comparison, although it has the same 
MPI score of 0.02, Amajuba district has the second low-
est HIV prevalence, and the lowest number of CHWs and 
PLWH.

When looking at the poorest districts with an MPI 
score of 0.07, namely, uMzinyathi and uMkhanyakude 
districts, uMkhanyakude has the lowest HIV prevalence 
in the province but was allocated more CHWs than uMz-
inyathi district which had the fifth highest HIV preva-
lence. For this reason, uMkhanyakude met the CHW: 

PLWH ratio and uMzinyathi did not. Interestingly, it 
seems that the wealthier districts with a MPI score of 
0.02, had a higher HIV prevalence. Overall, there was no 
clear pattern in the distribution of CHWs according to 
poverty lines as suggested in the policy framework.

Comparison for all variables using ranking
Table  4. shows the ranking of the districts according to 
the following variables: district population; HIV preva-
lence; number of CHWs; number of PLWH; CHW: peo-
ple ratio; CHW: PLWH ratio and MPI scores.

There is a distinct pattern observed whereby the most 
populous and wealthier districts, namely, eThekwini and 
uMgungundlovu district have the highest HIV preva-
lence, highest number of PLWH, lowest CHW: PLWH 
and lowest CHW: people ratio. These findings suggest a 
shortage of CHWs in these districts.

The opposite pattern is noted at Harry Gwala and 
iLembe, the two districts with the lowest CHW: people 
and CHW: PLWH ratios. Compared to eThekwini and 
uMgungundlovu districts, Harry Gwala and iLembe 
districts have lower HIV prevalences, lower numbers of 
PLWH, higher CHW:PLWH ratio (iLembe district has 
the highest in the province) and higher CHW: people 
ratio (Harry Gwala district has highest in the province). 
However, Harry Gwala still did not meet the estimated 
norm of CHW: PLWH (indicating a CHW shortage) 
because of the lower numbers of CHWs in the district. 
Additionally, the two districts did not rank the same for 

Table 3 Population, HIV prevalence, CHWs, PLWH, CHW:PLWH ratio and MPI scores in the KZN districts

a [Source: KwaZulu-Natal Community Survey, 2016 (Statistics, South Africa]
b [Source: The 2017 National Antenatal Sentinel HIV Survey, South Africa]
c [Source: KwaZulu-Natal Department of Health, Human Resource Electronic Persal system, 2019]
d [Source: The South African National HIV Prevalence, Incidence, Behaviour and Communication Survey, 2017]
e [Source: KZN-DOH DHIS data]
f [Source: Statistics South Africa: Provincial SAMPI scores, 2016]

KZN District District  Populationa HIV prevalence 
%b, d

No. of  CHWsc No. of  PLWHe CHW:PLWH Ratio MPI  Scoref

KZN Province 11,065,240 18.1% 9573 2,775,039 1: 290 0.05
uMgungundlovu 1,095,865 46.6 808 276,224 1: 342 0.02

eThekwini 3,702,231 43.5 1562 964,800 1: 618 0.02

Ugu 753,336 43.4 824 253,859 1: 308 0.05

iLembe 657,612 43.1 941 129,154 1: 137 0.04

uMzinyathi 554,882 41.7 495 166,352 1: 336 0.07

uThukela 706,588 41.5 787 121,516 1: 154 0.04

Harry Gwala 510,865 39.2 811 155,234 1: 191 0.06

King Cetshwayo 971,135 39.1 1035 224,875 1: 217 0.03

Zululand 892,310 37.6 1008 211,562 1: 210 0.04

Amajuba 531,327 36.4 485 146,002 1: 301 0.02

uMkhanyakude 689,090 35.0 817 125,461 1: 154 0.07
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MPI scores with Harry Gwala district considered poorer 
(MPI of 0.06) than iLembe district (MPI of 0.04), ranking 
number 9 and number 5 respectively.

The above- mentioned patterns were not noticeable in 
all the districts. For example, the districts with the lowest 
HIV prevalence, namely Amajuba and uMkhanyakude, 
had varying CHW: people and CHW: PLWH ratios, 
where uMkhanyakude met the suggested norms for both 

CHW: people and CHW: PLWH ratios and Amajuba did 
not. This may be due to the fact that Amajuba had the 
lowest number of CHWs in the province and a slightly 
higher HIV prevalence than uMkhanyakude district. 
Furthermore, they had a significant MPI score difference 
with Amajuba ranking number as one of the richest dis-
tricts and uMkhanyakude ranking as one of the poorest 
districts.

Fig. 3 Choropleth Map showing the ratio of CHW to PLWH in the districts. The low intensity colour shows significant shortage of CHWs
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Overall, in most districts the CHWs did not seem to be 
allocated by population size, HIV prevalence, number of 
PLWH or poverty scores.

Discussion
The study aimed at describing the distribution of CHWs 
in relation to the HIV prevalence in the KZN districts. 
Overall, KZN as a province did not meet the estimated 
allocation norms of CHWs, either with respect to the 
provinces’ general population or to the number of PLWH 
indicating an overall shortage of CHWs in the province. 
At district level, the results showed extensive geospatial 
heterogeneity with no obvious pattern in the distribution 
of CHWs not only in relation to the HIV prevalence but 
also in relation to the population size, number of PLWH 
and poverty scores. This is in line with the evidence 
which showed that there is disparity in the distribution of 
CHWs in KZN [22, 24] as well as wide variation of HIV 

prevalence between districts in the province [38, 44]. 
Furthermore, the study showed that although the major-
ity of districts met the estimated allocation of CHWs in 
the district population, the majority of them suggested 
shortages of CHWs in terms of the CHW: PLWH ratio.

Despite the relatively high ratios of CHW: PLWH, 
the majority (seven) of the districts had an estimated 
CHW: people ratio that was within that extrapolated 
from the WBPHCOT policy framework (1: 600–1000) 
[23]. The provincial CHW: people ratio of 1: 1156, was 
higher than the estimated policy framework [23] ratio 
indicating an overall shortage of CHWs among the 
population of KZN. In general, KZN has a shortage of 
healthcare workers [45] and the CHWs are deployed 
to the districts to mitigate this shortage; this is difficult 
when CHWs themselves are also experiencing a short-
age [46]. When considering the district populations, the 
districts with the highest populations were more likely 

Fig. 4 A Map showing the number of people living with HIV in KwaZulu‑Natal districts (shaded areas) and per capita values of CHWs in each district 
(blue numerical values). The high intensity colour represents high numbers of people living with HIV. B Bivariate choropleth map showing spatial 
distribution of community health workers (dots) in relation to HIV prevalence (%) in KwaZulu‑Natal districts. The high intensity colours representing 
districts with high HIV prevalence
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to have shortages of CHWs as seen in uMgungundlovu 
and eThekwini districts. However, this does not mean 
that the least populous districts had appropriately allo-
cated CHWs as seen in Amajuba district, which also 
had a shortage of CHWs.

This study also showed that the two districts with 
the highest HIV prevalence, had the greatest shortage 

of CHWs shown by low ratios of CHW: PLWH. How-
ever, this was not mirrored in other districts which also 
had a high HIV prevalence (as seen in iLembe district 
which is one of the districts with high HIV prevalence 
but had the highest CHW: PLWH ratio). Commu-
nity health workers from eThekwini district have been 
reported to cover a five times higher population which 

Fig. 5 Choropleth map showing the poverty scores in the districts and per capita community health workers distributed in each district (black 
numerical values). The high intensity color shows areas that are most poor. The map was generated using MapInfo Pro 17.0 (https:// www. fileh orse. 
com/ downl oad‑ mapin fo‑ pro/)

https://www.filehorse.com/download-mapinfo-pro/
https://www.filehorse.com/download-mapinfo-pro/
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has led to vocational exhaustion [46]. Interestingly, the 
only districts which showed appropriate and sufficient 
allocation of CHWs, namely iLembe, uThukela and 
uMkhanyakude district all met the suggested norm for 
CHW: people ratio indicative of a generally appropriate 
allocation of CHWs in these districts.

The suggested CHW: PLWH ratio of 1: 109–181, 
showed a shortage of CHWs in eight out of the 11 KZN 
districts, particularly at uMgungundlovu and eThek-
wini districts. If CHWs are under allocated in relation to 
PLWH, this may mean that the CHWs are not reaching 
the targeted individuals in the province. This study found 
that CHWs are more often under-allocated than over-
allocated which indicates a gap in the CHW workforce 
deployed in the districts, as shown in previous studies 
conducted in KZN [26, 27]. Similarly, another KZN study 
showed that CHWs were not distributed according to the 
disease status of catchment populations [22].

With regards to poverty, the wealthier districts (namely 
uMgungundlovu and eThekwini) had higher HIV preva-
lences and as well as higher numbers of PLWH. This 
seems to contradict the studies that have shown associa-
tions between HIV infection and poverty [4–11]. How-
ever, Amajuba district, which is also one of the wealthier 
districts, had a low HIV prevalence. Furthermore, dis-
tricts that were considered poor, for example uMzinyathi 
district, also had a low HIV prevalence. The four wealthi-
est districts with a MPI score of 0.02 and 0.03 and the 
two poorest districts with an MPI score of 0.07, showed 
no pattern in the district population, HIV prevalence, 
number of CHWs, number of PLWH, CHW: people ratio 
and CHW: PLWH ratio. The WBPHCOT policy frame-
work suggests that CHWs should be allocated to the poor 
communities [23]. However, there was no clear pattern 

in the distribution of CHWs in relation to poverty scores 
in the districts. The results show inconsistencies in the 
allocation of CHWs in the poorest districts; for example, 
uMzinyathi district shows an extreme shortage of CHWs 
whereas uMkhanyakude district has an appropriate allo-
cation of CHWs. Overall, the distribution of CHWs in the 
districts was neither predetermined by the poverty scores 
as stipulated in the WBPHCOT policy framework [23] 
nor followed a pattern according to the HIV prevalence 
observed in the districts. In contrast to prior studies 
[16–19], our study did not support the direct associa-
tion of poverty and HIV. This may be because taking the 
district as a unit of analysis masked pockets of poverty 
within the districts where an association with HIV preva-
lence would have been seen. However, the association 
between poverty and HIV is multi-faceted and other fac-
tors should be taken into consideration when allocating 
resources according to poverty measurements [5].

What may confound the distribution of CHWs in KZN, 
is that the variations in the HIV prevalence are not only 
between districts but are also between the sub-districts 
within the districts [38]. The WBPHCOT policy frame-
work states that the district health management must 
ensure an equitable spatial distribution of WBPHCOTs 
for the district population [23]. Furthermore, to optimize 
the CHW programme, the World Health Organization 
(WHO) suggests that the distribution of CHWs should 
be directed by the disease epidemiology, local geogra-
phy, population density and anticipated demand for ser-
vices [35, 36]. The rationale for the distribution of CHWs 
within the districts in KZN is unclear. The KZN popula-
tion that is served by CHWs is mostly poor, lives in rural 
areas and is disproportionately affected by HIV [17–19, 
21]. Spatial analysis for poverty showed different levels of 

Table 4 Ranking within the variables

Largest value within variables ranked as 1
a wealthiest district/s ranked as 1

KZN Districts District 
Population

HIV prevalence 
%

No. of CHWs No. of PLWH CHW: People 
Ratio

CHW:PLWH 
Ratio

MPI Score a

uMgungundlovu 2 1 8 2 10 10 1
eThekwini 1 2 1 1 11 11 1
Ugu 5 3 5 3 6 8 8

iLembe 8 4 4 9 2 1 5

uMzinyathi 9 5 10 6 9 9 10
uThukela 6 6 9 11 5 2 5

Harry Gwala 11 7 7 7 1 4 9

King Cetshwayo 3 8 2 4 7 6 4

Zululand 4 9 3 5 4 5 5

Amajuba 10 10 11 8 8 7 1
uMkhanyakude 7 11 6 10 3 2 10
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CHW shortages in districts. However, when it comes to 
the distribution of CHWs, in addition to the MPI scores, 
the total population and the disease burden in the catch-
ment population should be considered, as guided by the 
WBPHCOT policy framework.

Rural areas require 33% more CHWs than urban areas 
[47] which may account for the relative shortage of 
CHWs seen in the urban districts of our study. However, 
HIV prevalence should also be considered in CHW allo-
cation. Areas of high HIV prevalence could indicate areas 
of high HIV transmission and therefore incidence [48]. 
These areas require intense community interventions 
that can be mobilized through the services delivered by 
the CHWs at households. Poverty levels must also be 
considered. Interestingly, a study conducted in Malawi 
found that the odds of HIV-positive status were 0.72 
times lower in people from poorer households as com-
pared to those from wealthier households (AOR = 0.72, 
95% CI = 0.54–0.95) [49]. Malawi has reported an HIV 
prevalence of between 6.4 and 10% (which is much lower 
than in KZN) [50] and is classified as a low income coun-
try [51]. These contradictory findings may be caused by 
multiple factors which explain the different contexts in 
which HIV evolves in these two settings.

To our knowledge, this study is the first to be con-
ducted in KZN, where the geo-located distribution of 
CHWs in relation to the HIV prevalence in the districts 
was described. This geospatial analysis study can assist 
in identifying under-resourced areas so that the neces-
sary resources including human resources (CHWs) can 
be directed to these areas as means of curbing the HIV 
epidemic as in other African settings [44]. Furthermore, 
geospatial mapping holds a great potential for improv-
ing the efficiency of the HIV programme, for example, 
by targeting HIV testing or expanding access to HIV 
pre-exposure prophylaxis (PrEP) to areas with high HIV 
prevalences [18, 38]. Our study was limited by the argu-
able accuracy and quality of secondary data which may 
not reflect the true picture of the health problem. The 
accuracy of the DHIS data is debatable although it can be 
used as a guide in the absence of alternative data and to 
provide a broader picture. Nonetheless, the study find-
ings can be used as a guide for directing interventions. In 
addition, using aggregated district data as opposed to dis-
aggregated sub-district level data may also mask the true 
picture of the health problem. Data on CHW distribu-
tion was available at sub-district level but this was not the 
case for HIV prevalence data which was only available at 
district level. Notwithstanding, both South African pro-
vincial and district level HIV prevalence reports are from 
scientifically conducted research reports which are cred-
ible and reliable.

While our study considered the distribution of CHWs 
in relation to HIV prevalence, future geospatial analysis 
studies on CHW deployment in KZN, should consider 
multi-level approaches using other variables such as pov-
erty stratification and other health determinants. Predis-
position to HIV positivity is influenced by a wide range 
of economic, environmental, demographic, social, and 
behavioural factors [48]. Our study achieved its objective 
which was to describe the distribution of CHWs in rela-
tion to HIV prevalence in the districts of KZN.

Conclusion
While there are some noticeable patterns in the alloca-
tion of CHWs in KZN, there is mostly extensive geo-
spatial heterogeneity with no obvious explanation in 
the distribution of CHWs in relation to HIV prevalence, 
population size, numbers of PLWH and poverty levels 
in KZN. Furthermore, the inequality in the distribution 
of CHWs seen in this study may be associated with ine-
qualities in the provision of HIV related services espe-
cially in districts with CHW shortages. Shortages of 
CHWs may result in missed opportunities in the provi-
sion of community-based HIV services for better health 
outcomes. These results provide motivation for a broad 
approach which will expand the CHW workforce, espe-
cially in districts with a high burden of disease and high 
levels of poverty as proposed in the WBPHCOT policy 
framework.

Abbreviations
CHW: Community health worker; CHWs: Community health workers; GIS: 
Geographical Information System; HR: Human Resources; KZN: KwaZulu‑Natal; 
KZN‑DoH: KwaZulu‑Natal Department of Health; HIV: Human immunode‑
ficiency Virus; NDoH: South African Department of Health; OTL: outreach 
team leader; PHC: primary healthcare; PLWH: People living with HIV; Stats SA: 
Statistics South Africa; WBPHCOT: Ward Based Primary Health Care Outreach 
Team; WHO: World Health Organization.

Acknowledgements
Assistance from Mrs. Candice Samuel from KZN‑DOH and Professor Benn 
Sartorius is gratefully acknowledged.

Authors’ contributions
GK, EL and TM made substantial contributions to the conception and design 
of the study. SN contributed to the methodology of the study and contributed 
to the analysis and interpretation of data. All authors contributed to writing 
and revising the initial drafts until the final version. The author(s) read and 
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available 
from the corresponding author on reasonable request. The KZN‑DoH is the 
custodian for the distribution of CHWs in the KZN districts data and KZN 
districts ‘shape files (available on request from KZN‑DoH: http:// www. kznhe 
alth. gov. za). The KZN HIV prevalence data is publicly available on the South 
African National HIV Prevalence, Incidence, Behaviour & Community Survey 
Report (https:// www. hsrcp ress. ac. za/ books/ south‑ afric an‑ natio nal‑ hiv‑ preva 

http://www.kznhealth.gov.za
http://www.kznhealth.gov.za
https://www.hsrcpress.ac.za/books/south-african-national-hiv-prevalence-incidence-behaviour-and-communication-survey-2017


Page 13 of 14Khumalo et al. BMC Health Services Research          (2022) 22:326  

lence‑ incid ence‑ behav iour‑ and‑ commu nicat ion‑ survey‑ 2017). The district HIV 
prevalence data is publicly available on the South African National Antenatal 
Sentinel HIV Survey Report (http:// www. nicd. ac. za/ wp‑ conte nt/ uploa ds/ 2019/ 
07/ Anten atal_ survey‑ report_ 24Jul y19. pdf ). The number of PLWH in the KZN 
districts is available on the DHIS (https:// kz. dhis. dhmis. org/ dhis‑ web‑ commo 
ns/ secur ity/ login. action) and accessed only by authorized users or by request 
from the KZN‑DoH. The poverty data is publicly available on the South African 
Multidimensional Poverty Index Report (http:// www. stats sa. gov. za/ publi catio 
ns/ Report‑ 03‑ 10‑ 08/ Report‑ 03‑ 10‑ 082014. pdf ).

Declarations

Ethics approval and consent to participate
This study is a sub‑study of a parent study that was approved by the 
University of KwaZulu‑Natal Biomedical Research and Ethics Committee 
(BREC 0000765/2019). Permission to use all KZN‑DoH data was obtained 
from the KZN Provincial Health Research & Ethics Committee (Reference 
KZ_202002_008). All data used in this study was anonymized data. No human 
participants were involved in the study and hence consent to participate 
was not applicable. All procedures were performed in accordance with the 
relevant guidelines, which are, Ethics in Health Research: Principles, Processes 
and Structures [52] and the National Health Act 61 of 2003 [53].

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 University of KwaZulu‑Natal, Discipline of Public Health Medicine, School 
of Nursing & Public Health, Howard College Campus, Durban, South Africa. 
2 Health Research & Knowledge Management Unit; KwaZulu‑Natal Depart‑
ment of Health, 330 Langalibalele Street, Pietermaritzburg, South Africa. 
3 Geographical Information System Unit, African Health Research Institute, 
Somkhele, Mtubatuba, South Africa. 4 Faculty of Health Sciences, University 
of Pretoria, Prinshof Campus, Bophelo Rd, Prinshof 349‑Jr, Pretoria 0084a, 
South Africa. 

Received: 28 July 2021   Accepted: 28 February 2022

References
 1. Simbayi LC, Zuma K, Zungu N, et al. South African national HIV preva‑

lence, incidence, behaviour and communication survey, 2017. Cape 
Town: HSRC Press; 2019.

 2. Woldesenbet S, Kufa T, Lombard C. The 2017 National Antenatal Sentinel 
HIV survey. South Africa: National Department of Health; 2019.

 3. Statistics South Africa. Mid‑year population estimates 2018 South Africa. 
Pretoria: Statistics South Africa; 2018. Cited 2019 16 July. Available from: 
http:// www. stats sa. gov. za/?p= 11341. Accessed 16 July 2019

 4. Naidoo D, Taylor M, Mabaso M. Poverty and HIV/AIDS: impact of social 
grants among South African Indians in an urban setting in KwaZulu‑
Natal, South Africa. BAOJ Hiv. 2017;3:1.

 5. Steinert JI, Cluver L, Melendez‑Torres GJ, et al. Relationships between pov‑
erty and AIDS illness in South Africa: an investigation of urban and rural 
households in KwaZulu‑Natal. Glob Public Health. 2017;12(9):1183–99. 
https:// doi. org/ 10. 1080/ 17441 692. 2016. 11871 91.

 6. Gibbs A, Reddy T, Dunkle K, et al. HIV‑prevalence in South Africa by set‑
tlement type: a repeat population‑based cross‑sectional analysis of men 
and women. Plos One. 2020;15(3):e0230105. https:// doi. org/ 10. 1371/ 
journ al. pone. 02301 05.

 7. Hansen C, Paintsil E. Infectious diseases of poverty in children: a tale of 
two worlds. Pediatr Clin North Am. 2016;63(1):37–66. https:// doi. org/ 10. 
1016/j. pcl. 2015. 08. 002 published Online First: 2015/11/29.

 8. Poku RA, Owusu AY, Mullen PD, et al. Antiretroviral therapy maintenance 
among HIV‑positive women in Ghana: the influence of poverty. AIDS 
Care. 2020;32(6):779–84. https:// doi. org/ 10. 1080/ 09540 121. 2019. 16534 34.

 9. Toska E, Campeau L, Cluver L, et al. Consistent provisions mitigate 
exposure to sexual risk and HIV among young adolescents in South 
Africa. AIDS Behav. 2020;24(3):903–13. https:// doi. org/ 10. 1007/ 
s10461‑ 019‑ 02735‑x.

 10. Wabiri N, Shisana O, Zuma K, et al. Assessing the spatial nonstationarity in 
relationship between local patterns of HIV infections and the covari‑
ates in South Africa: a geographically weighted regression analysis. Spat 
Spatiotemporal Epidemiol. 2016;16:88–99.

 11. Gebreegziabher EA, McCoy SI, Ycasas JC, et al. The role of neighborhood 
poverty in the association between foreign‑born status and HIV care con‑
tinuum outcomes in Alameda County, California. J Immigr Minor Health. 
2020;22(5):1023–30. https:// doi. org/ 10. 1007/ s10903‑ 020‑ 01002‑9.

 12. Statistics South Africa. Community Survey 2016: Provincial Profile, Kwa‑
Zulu‑Natal. Pretoria: Statistics South Africa; 2018. Available from: http:// 
cs2016. stats sa. gov. za/ wp‑ conte nt/ uploa ds/ 2018/ 07/ KZN. pdf. Accessed 
01 Feb 2021

 13. KwaZulu‑Natal Office of the Premier. KwaZulu‑Natal Strategic Plan 
2020–2025 KwaZulu‑Natal2020. Available from: http:// www. kznon line. 
gov. za/ images/ Downl oads/ Publi catio ns/ Final% 20% 20OTP% 20SP% 
202020‑ 25. pdf. Accessed 01 Feb 2021.

 14. Ramukumba MM. Exploration of community health workers’ views about 
in their role and support in primary health care in northern cape, South 
Africa. J Community Health. 2020;45(1):55–62.

 15. Plazy M, Farouki KE, Iwuji C, et al. Access to HIV care in the context of 
universal test and treat: challenges within the ANRS 12249 TasP cluster‑
randomized trial in rural South Africa. J Int AIDS Soc. 2016;19(1):1–12. 
https:// doi. org/ 10. 7448/ IAS. 19.1. 20913.

 16. Dzomba A, Tomita A, Vandormael A, et al. Effect of ART scale‑up and 
female migration intensity on risk of HIV acquisition: results from a 
population‑based cohort in KwaZulu‑Natal, South Africa. BMC Public 
Health. 2019;19(1):196. https:// doi. org/ 10. 1186/ s12889‑ 019‑ 6494‑x.

 17. Kharsany ABM, Cawood C, Lewis L, et al. Trends in HIV Prevention, Treat‑
ment, and Incidence in a Hyperendemic Area of KwaZulu‑Natal, South 
Africa. JAMA Netw Open. 2019;2(11):e1914378. https:// doi. org/ 10. 1001/ 
jaman etwor kopen. 2019. 14378 published Online First: 2019/11/02.

 18. Vandormael A, Cuadros D, Kim H‑Y, et al. The state of the HIV epidemic in 
rural KwaZulu‑Natal, South Africa: a novel application of disease metrics 
to assess trajectories and highlight areas for intervention. Int J Epidemiol. 
2020;49(2):666–75. https:// doi. org/ 10. 1093/ ije/ dyz269.

 19. Baisley K, Seeley J, Siedner M, et al. Findings from home‑based HIV testing 
and facilitated linkage after scale‑up of test and treat in rural South Africa: 
young people still missing. HIV Med. 2019;20(10):704–8.

 20. Baisley K, Chimbindi N, Mthiyane N, et al. High HIV incidence and low 
uptake of HIV prevention services: the context of risk for young male 
adults prior to DREAMS in rural KwaZulu‑Natal, South Africa. Plos One. 
2018;13(12):e0208689.

 21. Loeliger KB, Niccolai LM, Mtungwa LN, et al. “I Have to Push Him with a 
Wheelbarrow to the Clinic”: Community Health Workers’ Roles, Needs, 
and Strategies to Improve HIV Care in Rural South Africa. AIDS Patient 
Care STDs. 2016;30(8):385–94. https:// doi. org/ 10. 1089/ apc. 2016. 0096 
published Online First: 2016/08/11.

 22. Mottiar S, Lodge T. The role of community health workers in support‑
ing South Africa’s HIV/AIDS treatment programme. Afr J AIDS Res. 
2018;17(1):54–61.

 23. National Department of Health. Policy framework and strategy for ward 
based primary healthcare outreach teams 2018/19‑2023/24. South Africa: 
National Department of Health; 2018. Available from: https:// www. health. 
gov. za/ wp‑ conte nt/ uploa ds/ 2020/ 11/ policy‑ wbphc ot‑4‑ april‑ 2018_ final‑ 
copy. pdf.

 24. Schneider H, Okello D, Lehmann U. The global pendulum swing towards 
community health workers in low‑and middle‑income countries: a 
scoping review of trends, geographical distribution and programmatic 
orientations, 2005 to 2014. Hum Resour Health. 2016;14(1):65.

 25. Statistics South Africa. National Poverty Lines 2018. Available from: http:// 
www. stats sa. gov. za/ publi catio ns/ P03101/ P0310 12018. pdf. Accessed 17 
Feb 2021.

 26. Haber N, Tanser F, Bor J, et al. From HIV infection to therapeutic response: 
a population‑based longitudinal HIV cascade‑of‑care study in KwaZulu‑
Natal, South Africa. Lancet HIV. 2017;4(5):e223–e30.

 27. Perriat D, Plazy M, Gumede D, et al. “If you are here at the clinic, you do 
not know how many people need help in the community”: Perspectives 

https://www.hsrcpress.ac.za/books/south-african-national-hiv-prevalence-incidence-behaviour-and-communication-survey-2017
http://www.nicd.ac.za/wp-content/uploads/2019/07/Antenatal_survey-report_24July19.pdf
http://www.nicd.ac.za/wp-content/uploads/2019/07/Antenatal_survey-report_24July19.pdf
https://kz.dhis.dhmis.org/dhis-web-commons/security/login.action
https://kz.dhis.dhmis.org/dhis-web-commons/security/login.action
http://www.statssa.gov.za/publications/Report-03-10-08/Report-03-10-082014.pdf
http://www.statssa.gov.za/publications/Report-03-10-08/Report-03-10-082014.pdf
http://www.statssa.gov.za/?p=11341
https://doi.org/10.1080/17441692.2016.1187191
https://doi.org/10.1371/journal.pone.0230105
https://doi.org/10.1371/journal.pone.0230105
https://doi.org/10.1016/j.pcl.2015.08.002
https://doi.org/10.1016/j.pcl.2015.08.002
https://doi.org/10.1080/09540121.2019.1653434
https://doi.org/10.1007/s10461-019-02735-x
https://doi.org/10.1007/s10461-019-02735-x
https://doi.org/10.1007/s10903-020-01002-9
http://cs2016.statssa.gov.za/wp-content/uploads/2018/07/KZN.pdf
http://cs2016.statssa.gov.za/wp-content/uploads/2018/07/KZN.pdf
http://www.kznonline.gov.za/images/Downloads/Publications/Final%20%20OTP%20SP%202020-25.pdf
http://www.kznonline.gov.za/images/Downloads/Publications/Final%20%20OTP%20SP%202020-25.pdf
http://www.kznonline.gov.za/images/Downloads/Publications/Final%20%20OTP%20SP%202020-25.pdf
https://doi.org/10.7448/IAS.19.1.20913
https://doi.org/10.1186/s12889-019-6494-x
https://doi.org/10.1001/jamanetworkopen.2019.14378
https://doi.org/10.1001/jamanetworkopen.2019.14378
https://doi.org/10.1093/ije/dyz269
https://doi.org/10.1089/apc.2016.0096
https://www.health.gov.za/wp-content/uploads/2020/11/policy-wbphcot-4-april-2018_final-copy.pdf
https://www.health.gov.za/wp-content/uploads/2020/11/policy-wbphcot-4-april-2018_final-copy.pdf
https://www.health.gov.za/wp-content/uploads/2020/11/policy-wbphcot-4-april-2018_final-copy.pdf
http://www.statssa.gov.za/publications/P03101/P031012018.pdf
http://www.statssa.gov.za/publications/P03101/P031012018.pdf


Page 14 of 14Khumalo et al. BMC Health Services Research          (2022) 22:326 

•
 
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: 

of home‑based HIV services from health care workers in rural KwaZulu‑
Natal, South Africa in the era of universal test‑and‑treat. Plos One. 
2018;13(11):e0202473.

 28. Loeliger KB, Niccolai LM, Mtungwa LN, et al. Antiretroviral therapy initia‑
tion and adherence in rural South Africa: community health workers’ 
perspectives on barriers and facilitators. AIDS Care. 2016;28(8):982–93. 
https:// doi. org/ 10. 1080/ 09540 121. 2016. 11642 92 published Online First: 
2016/04/05.

 29. Kubheka SE, Archary M, Naidu KK. HIV viral load testing coverage and 
timeliness after implementation of the wellness anniversary in a paediat‑
ric and adolescent HIV clinic in KwaZulu‑Natal, South Africa. South Afr J 
HIV Med. 2020;21:1–5.

 30. Khumalo GE, Lutge EE, Naidoo P, et al. Barriers and facilitators of rendering 
HIV services by community health workers in sub‑Saharan Africa: a meta‑
synthesis. Fam Med Commun Health. 2021;9(4). https:// doi. org/ 10. 1136/ 
fmch‑ 2021‑ 000958 published Online First: 2021/09/26.

 31. Daviaud E, Besada D, Budlender D, et al. Saving lives, saving costs: invest‑
ment case for community health workers in South Africa. Cape Town: 
South African Medical Research Council; 2018.

 32. Johnson LF, Dorrington RE, Moolla H. Progress towards the 2020 targets 
for HIV diagnosis and antiretroviral treatment in South Africa. South 
Afr J HIV Med. 2017;18(1). https:// doi. org/ 10. 4102/ sajhi vmed. v18i1. 694 
published Online First: 2017‑01‑31.

 33. Ndaba T, Taylor M, Mabaso M. Training and evaluation of community 
health workers (CHWs): towards improving maternal and newborn sur‑
vival in an urban setting in KwaZulu‑Natal, South Africa. The Open Public 
Health J. 2019;12(1):406‑13.

 34. Naidoo N, Matlakala N, Railton J, et al. Provision of HIV services by 
community health workers should be strengthened to achieve full 
programme potential: a cross‑sectional analysis in rural South Africa. Trop 
Med Int Health. 2019;24(4):401–8. https:// doi. org/ 10. 1111/ tmi. 13204.

 35. Cometto G, Ford N, Pfaffman‑Zambruni J, et al. Health policy and system 
support to optimise community health worker programmes: an abridged 
WHO guideline. Lancet Glob Health. 2018;6(12):e1397–e404. https:// doi. 
org/ 10. 1016/ S2214‑ 109X(18) 30482‑0.

 36. World Health Organisation. WHO guidelines on health policy and system 
support to optimize community health worker programmes. Geneva: 
WHO; 2018.

 37. Cork MA, Wilson KF, Perkins S, et al. Mapping male circumcision for HIV 
prevention efforts in sub‑Saharan Africa. BMC Med. 2020;18(1):189. 
https:// doi. org/ 10. 1186/ s12916‑ 020‑ 01635‑5.

 38. Ramjee G, Sartorius B, Morris N, et al. A decade of sustained geographic 
spread of HIV infections among women in Durban, South Africa. BMC 
Infect Dis. 2019;19(1):1–9.

 39. Statistics South Africa. KwaZulu‑Natal Citizen‑Satisfaction Survey: Analyti‑
cal Report. Pretoria: Statistics South Africa; 2018. Available from: http:// 
www. stats sa. gov. za/ publi catio ns/ Report‑ 03‑ 00‑ 07/ Report‑ 03‑ 00‑ 072018. 
pdf. Accessed 02 Feb 2021

 40. Garrib A, Stoops N, McKenzie A, et al. An evaluation of the District Health 
Information System in rural South Africa. S Afr Med J. 2008;98(7):549–52 
published Online First: 2008/09/13.

 41. Statistics South Africa. The South African MPI‑Creating a multidimen‑
sional poverty index using census data. Pretoria: Statistics South Africa; 
2014. Available from: http:// www. stats sa. gov. za/ publi catio ns/ Report‑ 03‑ 
10‑ 08/ Report‑ 03‑ 10‑ 082014. pdf. Accessed 02 Feb 2021

 42. World Bank Group. Overcoming Poverty and Inequality in South Africa: 
an assessment of drivers, constraints and opportunities: World Bank; 
2018. Updated 10 April 2018. Available from: https:// elibr ary. world bank. 
org/ doi/ abs/ 10. 1596/ 29614. Accessed 02 Feb 2021

 43. Murayama Y. Progress in geospatial analysis. Japan: Springer Science & 
Business Media 2012. p. 1.

 44. Boyda DC, Holzman SB, Berman A, et al. Geographic information 
systems, spatial analysis, and HIV in Africa: a scoping review. Plos One. 
2019;14(5):e0216388.

 45. Gumede DM, Taylor M, Kvalsvig JD. Engaging future healthcare profes‑
sionals for rural health services in South Africa: students, graduates and 
managers perceptions. BMC Health Serv Res. 2021;21(1):220. https:// doi. 
org/ 10. 1186/ s12913‑ 021‑ 06178‑w.

 46. White MS, Govender P, Lister HE. Community health workers lensed 
through a south African backdrop of two peri‑urban communities in 
KwaZulu‑Natal. Afr J Disabil(Online). 2017;6:1–8.

 47. Besada D, Eagar D, Rensburg R, et al. Resource requirements for 
community‑based care in rural, deep‑rural and peri‑urban communities 
in South Africa: a comparative analysis in 2 South African provinces. Plos 
One. 2020;15(1):e0218682. https:// doi. org/ 10. 1371/ journ al. pone. 02186 82 
published Online First: 2020/01/31.

 48. Bulstra CA, Hontelez JA, Giardina F, et al. Mapping and characterising 
areas with high levels of HIV transmission in sub‑Saharan Africa: a geo‑
spatial analysis of national survey data. Plos Med. 2020;17(3):e1003042.

 49. Nutor JJ, Duah HO, Agbadi P, et al. Spatial analysis of factors associated 
with HIV infection in Malawi: indicators for effective prevention. BMC Pub‑
lic Health. 2020;20(1):1167. https:// doi. org/ 10. 1186/ s12889‑ 020‑ 09278‑0.

 50. Ciccacci F, Tolno VT, Doro Altan AM, et al. Noncommunicable diseases 
burden and risk factors in a cohort of hiv+ elderly patients in Malawi. 
AIDS Res Hum Retrovir. 2019;35(11–12):1106–11.

 51. Chansa C, Pattnaik A. Expanding health care provision in a low‑income 
country: the experience of Malawi: World Bank Group; 2018. Available 
from: https:// openk nowle dge. world bank. org/ handle/ 10986/ 29185. 
Accessed 02 Feb 2021

 52. National Department of Health, South Africa. Ethics in Health Research: 
Principles, Processes and Structures. 2nd ed. Pretoria: National Depart‑
ment of Health; 2015.

 53. South African Government. National Health Act No. 61 of 2003. Republic 
of South Africa; 2004. Available from: https:// www. gov. za/ sites/ defau lt/ 
files/ gcis_ docum ent/ 201409/ a61‑ 03. pdf.

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

https://doi.org/10.1080/09540121.2016.1164292
https://doi.org/10.1136/fmch-2021-000958
https://doi.org/10.1136/fmch-2021-000958
https://doi.org/10.4102/sajhivmed.v18i1.694
https://doi.org/10.1111/tmi.13204
https://doi.org/10.1016/S2214-109X(18)30482-0
https://doi.org/10.1016/S2214-109X(18)30482-0
https://doi.org/10.1186/s12916-020-01635-5
http://www.statssa.gov.za/publications/Report-03-00-07/Report-03-00-072018.pdf
http://www.statssa.gov.za/publications/Report-03-00-07/Report-03-00-072018.pdf
http://www.statssa.gov.za/publications/Report-03-00-07/Report-03-00-072018.pdf
http://www.statssa.gov.za/publications/Report-03-10-08/Report-03-10-082014.pdf
http://www.statssa.gov.za/publications/Report-03-10-08/Report-03-10-082014.pdf
https://elibrary.worldbank.org/doi/abs/10.1596/29614
https://elibrary.worldbank.org/doi/abs/10.1596/29614
https://doi.org/10.1186/s12913-021-06178-w
https://doi.org/10.1186/s12913-021-06178-w
https://doi.org/10.1371/journal.pone.0218682
https://doi.org/10.1186/s12889-020-09278-0
https://openknowledge.worldbank.org/handle/10986/29185
https://www.gov.za/sites/default/files/gcis_document/201409/a61-03.pdf
https://www.gov.za/sites/default/files/gcis_document/201409/a61-03.pdf

	Geo-analysis: the distribution of community health workers in relation to the HIV prevalence in KwaZulu-Natal province, South Africa
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Study methods
	Study setting
	Study design
	Data sources
	Estimating the CHW: PLWH ratio
	Geospatial analysis

	Results
	Community health workers distribution per district population
	Community health workers distribution, HIV prevalence and CHW: PLWH ratio
	Community health workers’ distribution as per poverty scores in the districts
	Comparison for all variables using ranking

	Discussion
	Conclusion
	Acknowledgements
	References


