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Background. In South Africa, the annual incidence of enteric fever averaged 0.1 per 100 000 persons between 2003 and 2018. 
During 2021 an increase in the number of enteric fever cases was observed. An outbreak investigation was conducted to determine 
the magnitude and source of the outbreak.

Methods. We performed a cross-sectional descriptive study. Data were collected through telephonic or face-to-face interviews 
with cases or proxies via a standardized case investigation form. Whole genome sequencing was performed on all Salmonella 
Typhi isolates. Drinking water samples were collected, tested, and analyzed. Descriptive analysis was performed with Microsoft 
Excel.

Results. Between January 2020 and September 2022, a cluster of 53 genetically highly related Salmonella Typhi isolates was 
identified from 5 provinces in South Africa. Isolates associated with the cluster showed ≤5 allelic differences, as determined 
following core genome multilocus sequence typing analysis. Most cases (60%, 32/53) were in the North West province. Males 
represented 68% (36/53). Of these, 72% (26/36) were aged 15 to 49 years, with a median age of 31 years. Where occupation was 
known within this age group, 78% (14/18) were illegal gold miners. Illegal miners reported illness onset while working 
underground. Five municipal tap water samples were tested and showed no evidence of fecal contamination.

Conclusions. This outbreak predominantly affected illegal gold miners, likely due to the consumption of contaminated 
groundwater while working in a gold mine shaft. In addition, this investigation highlights the value of whole genome 
sequencing to detect clusters and support epidemiologic investigation of enteric fever outbreaks.
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Enteric fever is a potentially life-threatening bacterial infection 
caused by Salmonella enterica serovar Typhi or Paratyphi A, B, 
or C. Enteric fever collectively refers to typhoid fever caused by 
S enterica serovar Typhi (Salmonella Typhi) and paratyphoid 
fever caused by S enterica serovar Paratyphi [1]. The disease 
is transmitted through consumption of food or water contam
inated by the bacteria, while the presence of chronic carriers re
sults in a sustained presence of new cases in communities [2–4]. 
Without treatment approximately 2% to 5% of cases will 

become chronic carriers [5]. Prolonged fever is the cardinal 
symptom of enteric fever, and other symptoms may include fa
tigue, abdominal pain, diarrhea, or constipation [5, 6]. Severe 
disease may be complicated by intestinal perforation, gastroin
testinal bleeding, or encephalopathy and may lead to death [7].

According to the World Health Organization, an estimated 
11 to 20 million cases of enteric fever resulting in 128 000 to 
161 000 deaths occur every year worldwide [5]. The disease is 
common in low- to middle-income countries and is often asso
ciated with poor access to clean water and inadequate sanita
tion. South Asia, Southeast Asia, and sub-Saharan Africa bear 
the highest burden of enteric fever disease [8–11]. A study on 
the burden of enteric fever diseases conducted in Bangladesh, 
Nepal, and Pakistan reported incidence rates of 913, 330, and 
176 cases per 100 000 population, respectively [9]. South 
Africa is endemic for enteric fever caused by Salmonella 
Typhi, although the prevalence of disease is much lower than 
most other countries in sub-Saharan Africa, with an average 
annual incidence of 0.1 per 100 000 population between 2003 
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and 2018. Enteric fever caused by Salmonella Paratyphi re
mains rare in South Africa [12]. Enteric fever is a notifiable 
medical condition in South Africa; however, cases significantly 
underrepresent the true burden of disease.

Following the last large outbreak of typhoid fever in Delmas, 
Mpumalanga province, in 2005 [13], with >1000 probable and 
laboratory-confirmed cases, the number of enteric fever cases 
in South Africa has declined over the last few decades, and larg
er outbreaks have become less common. From 2006 through 
2021, the number of laboratory-confirmed cases of enteric fever 
averaged 99 per year (range, 66–140). Between 1 January and 22 
September 2022, 176 cases of enteric fever were reported, the 
highest number within a year since the outbreak in Delmas 
(Figure 1).

On 24 November 2021, the Centre for Enteric Diseases 
(CED) of the National Institute for Communicable Diseases 
(NICD) was notified of an increase in the number of enteric fe
ver cases diagnosed at a hospital complex (hospital A) within 
the City of Matlosana in the North West province. A review 
of laboratory surveillance data for 2020 and 2021 confirmed 
an increase of laboratory-confirmed enteric fever diagnoses at 
hospital A during 2021. Analysis of the Salmonella Typhi iso
lates by whole genome sequencing and core genome multilocus 
sequence typing (cgMLST) showed that >90% (16/17) of the 
initial isolates were part of a highly genetically related cluster 
or outbreak. Outbreak investigation teams at various levels 
were constituted and activated to determine the magnitude 
and source of the outbreak and to recommend relevant control 
and prevention measures.

METHODS

Study Setting

The outbreak predominantly affected people living within the 
City of Matlosana local municipality: the smallest but most 
populated of the 3 local municipalities within the Dr 
Kenneth Kaunda District in terms of area. The city is known 
for its gold mines that were established in the 1900s. Some of 
the mining shafts have been closed, and a few shafts remain in 
operation [14]. The municipality comprises several commu
nities located around the city, with a total population of about 
398 676 as reported in the 2011 national census. Formal hous
ing accounts for 83% of households, and 93% of all house
holds have access to flushing toilets and treated municipal 
running water [15].

Study Design

We performed a descriptive cross-sectional study. In-depth 
phone or in-person interviews were done with cases who 
had been diagnosed with laboratory-confirmed enteric fever 
brought on by a genetically related strain of Salmonella Typhi 
between January 2020 and September 2022. Proxies were inter
viewed when cases were not available.

Epidemiologic Investigations

An outbreak investigation team visited the affected area to in
vestigate in November and December 2021. Telephonic and 
face-to-face interviews were ongoing for cases diagnosed dur
ing 2022. Trend analysis was performed on historical enteric fe
ver laboratory data.

Laboratory Investigations

The surveillance of enteric fever in South Africa is laboratory 
based. All laboratory-confirmed cases diagnosed at public 
and private laboratories are reported to the department of 
health and the NICD-CED through the Notifiable Medical 
Conditions System. Blood culture is the primary method for 
enteric fever diagnosis in private and public laboratories in 
South Africa. All isolates of Salmonella Typhi are sent to 
NICD-CED for confirmation and further characterization.

Laboratory Investigation Methodologies

The CED received Salmonella Typhi on Dorset-Egg transport 
media (Diagnostic Media Products, National Health Laboratory 
Service) and subcultured onto 5% blood agar (Diagnostic 
Media Products) to check for viability and purity. Cultures 
were identified by standard phenotypic microbiological 
identification and serotyping techniques, briefly described as 
follows. As required, bacterial colonies were identified with 
the VITEK-2 COMPACT 15 automated microbial identifica
tion system (bioMérieux). Serotyping was performed according 
to the White-Kauffmann-Le Minor scheme [16]. Antimicrobial 
susceptibility testing was performed via the Etest method 
(bioMérieux). Interpretation of antimicrobial susceptibility 
data was done in accordance with the Clinical and Laboratory 
Standards Institute [17].

Genomic DNA was isolated from bacteria with an Invitrogen 
PureLink Microbiome DNA Purification Kit. Whole genome se
quencing was performed by Illumina NextSeq next-generation 
sequencing technology, with DNA libraries prepared by a 
Nextera DNA Flex Library Preparation Kit (Illumina), followed 
by 2 × 150–base pair paired-end sequencing runs with 
∼80-times coverage. Illumina paired-end reads were analyzed 
by the JEKESA bioinformatics pipeline (https://github.com/ 
stanikae/jekesa), briefly described as follows. Quality control 
and read filtering of raw reads were performed with FastQC 
and TrimGalore. Species identification and closest reference de
tection were performed with BactInspector. Contamination 
checks were performed by ConFindr and Kraken. Raw reads 
were assembled by using SKESA, SPAdes, MEGAHIT, or 
Velvet as implemented in Shovill. The final assembly was as
sessed with QUAST. The assembled genomes were further inves
tigated with the following tools. Multilocus sequence typing was 
performed by using tools at the PubMLST platform (https:// 
pubmlst.org/). Detection of antimicrobial resistance deter
minants was performed with ResFinder and PointFinder 
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(http://www.genomicepidemiology.org/services/). Salmonella 
serovar prediction was performed with SeqSero2 (http:// 
denglab.info/SeqSero2) and SISTR [18]. Plasmid DNA presence 
was investigated with PlasmidFinder (http://www.genomicep 
idemiology.org/services/). Information regarding Salmonella 
Typhi genotype, as called by single-nucleotide polymorphism 
analysis, was determined by the GenoTyphi scheme [19] at the 
Pathogenwatch platform (https://pathogen.watch/). cgMLST 
was used to investigate the phylogeny and genetic relatedness 
of isolates. This was made possible by using the cgMLST scheme 
available at the EnteroBase platform (http://enterobase.warwick. 
ac.uk/species/index/senterica). Raw sequencing data (FastQ 
files for paired-end reads) were uploaded and investigated at 
EnteroBase via the cgMLST tool (with the cgMLST V2 +  
HierCC V1 scheme, which incorporates analysis at 3002 genes). 
The phylogeny and genetic relatedness of isolates was depicted 
by a GrapeTree-generated minimum spanning tree per the 
MSTree V2 algorithm. A cluster of isolates or outbreak was de
fined as ≥3 isolates showing ≤5 allelic differences, as determined 
following cgMLST analysis and visualized on a GrapeTree- 
generated minimum spanning tree.

All sequencing data were uploaded to the public EnteroBase 
platform (http://enterobase.warwick.ac.uk/species/index/senterica) 
and so are freely available to access. In addition, all sequencing 
data were deposited in the European Nucleotide Archive (project 
accession PRJEB39988).

Rectal swabs collected from the contacts of the cases during 
the outbreak investigation were cultured for Salmonella Typhi 
at the NICD-CED laboratory.

Environmental Investigations

Water samples were collected from running water taps within 
the houses of the confirmed cases within the City of Matlosana 
and tested for Salmonella Typhi and total coliform count. The 
routine municipal water quality indicator test results from the af
fected areas were reviewed.

Data Collection and Analysis

Enteric fever laboratory surveillance data were obtained from 
the NICD-CED. Patient demographics, disease presentation, 
and exposure details were collected through the completion 
of a standardized NICD form for enteric fever case investiga
tion. Additional data, including cases’ residential addresses 
and contact details, were obtained from the hospitals at which 
the cases were admitted. Data are kept on a password-encrypted 
Microsoft Excel document. Data cleaning and descriptive analy
ses were completed with Microsoft Excel.

RESULTS

Epidemiologic Findings

Between January 2020 and September 2022, 53 cases of enteric 
fever of the outbreak strain were reported from 5 provinces in 
South Africa. During the same period, 346 nonoutbreak-related 
cases were reported. The majority of the outbreak cases were 
from the North West province (60%, 32/53), followed by 
Gauteng (25%, 13/53) and Mpumalanga (8%, 4/53); Free 
State and KwaZulu-Natal had 2 cases each (4%, 2/53). By com
parison, the North West had an annual average of 2 cases be
tween 2003 and 2019 (Figure 2). Case investigation forms 

Figure 1. Cases of laboratory-confirmed enteric fever, South Africa, 1 January 2003–22 September 2022.
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were completed for 57% (30/53) of cases, and occupation was 
recorded for 68% (26/38) of cases aged ≥15 years. The age 
group of 15 to 49 years accounted for most cases (62%, 33/ 
53), followed by children aged <16 years (26%, 14/53) and per
sons aged 50 to 64 years (9%, 5/53). Males constituted 68% (36/ 
53) of cases. Of these, 72% (26/36) were within the age group of 
15 to 49 years, with a median age of 31 years (range, 15–43; 
Figure 3).

All cases reported fever; other symptoms were fatigue (83%, 
25/30), diarrhea (63%, 19/30), abdominal pain (50%, 15/30), 
vomiting (43%, 13/30), and constipation (17%, 5/30). Three 
deaths were noted (2 male adults and a female child). Of 14 cas
es with known HIV status, 2 (14%) were HIV infected. Where 
illness onset was known (55%, 29/53), the median time between 
illness onset and hospital admission was 2 weeks (range, 0–8). 
Of the 30 cases interviewed, 9 developed complications, which 
included renal failure (3/9), hepatomegaly (2/9), intestinal per
foration, encephalopathy, and miscarriage.

The index case was an adult female with a travel history to 
Mozambique. She sought medical care in the North West 
Province but reported onset of illness while in Mozambique. 
Her household contacts included her father and sister, who 
were subsequently diagnosed with enteric fever. Her partner, 
who shared accommodation with her, worked as an illegal 
gold miner, although he remained asymptomatic.

Of the 26 males within the age group of 15 to 49 years, occu
pation was known for 69% (18/26), of which 78% (14/18) were 
illegal gold miners (also known as Zama Zamas; in South 

Africa, this is an isiZulu phrase meaning “keep on trying”), 
working at a specific abandoned gold mine shaft in the City 
of Matlosana (Figure 4). All Zama Zamas reported illness onset 
while working underground. They reported living and working 
underground (without surfacing) for an average period of 5 
months (range, 1–11). The mining shafts were dark, poorly 
ventilated, and overcrowded with approximately 300 miners 
on each level at any time, with no toilets or running water. 
Groundwater flowing from the upper aquifers flooded under
ground workings, and the same water was used for drinking. 
Bodies of stagnant water were sometimes created within the 
abandoned shafts. While underground, the Zama Zamas defe
cated in the same areas where they accessed drinking water. 
Accumulation of groundwater in the mining shafts in the 
City of Matlosana goldfields has been reported in literature 
[14, 20].

One of the 3 Zama Zamas diagnosed in Gauteng province 
and a Zama Zama from Free State province reported falling 
ill while working at the City of Matlosana gold mine shaft. 
The second case from the Free State province was a child. 
Her proxy stated that, prior to the child’s onset of illness, her 
uncle had displayed similar symptoms and reported illness on
set while working as a Zama Zama at the same mine in the City 
of Matlosana. The other 2 Zama Zama cases from Gauteng 
province did not disclose the location of the mines where 
they worked.

Eight interviewed cases reported no contact with Zama 
Zamas or working in the mines. Where data were available, 

Figure 2. Annual proportions of laboratory-confirmed cases of enteric fever by province, South Africa, 1 January 2003–22 September 2022.
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most cases (82%, 19/22) reported living in a formal house with 
access to treated municipal running tap water and flushing toi
lets. No other epidemiologic links were identified among the 
cases, besides the Zama Zamas who worked in the same shaft 
before illness onset. No common food items sourced from 
common food places were reported by the cases.

Laboratory Findings

All cases were diagnosed by isolation of Salmonella Typhi from 
blood culture. All 53 Salmonella Typhi isolates associated with 
the outbreak showed ≤5 allelic differences, as determined 
following cgMLST analysis and visualized on a GrapeTree- 
generated minimum spanning tree (Figure 5), which is 

Figure 3. Distribution of laboratory-confirmed outbreak cases of enteric fever by sex and age, South Africa, 1 January 2003–22 September 2022 (N = 53).

Figure 4. Epidemic curve of laboratory-confirmed outbreak cases of enteric fever by occupation, South Africa, 1 January 2003–22 September 2022 (N = 53).
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indicative of genetically highly related isolates. All isolates were 
multilocus sequence type 1; all showed a GenoTyphi genotype 
4.3.1.1.EA1; and all showed a multidrug-resistance genotype 
with the presence of multiple antimicrobial-resistance genes: 
blaTEM-1B, sul1, sul2, catA1, dfrA7, aac(6)-Iaa, aph(6)-Id, and 
aph(3’’)-Ib.

Phenotypically, all 53 isolates were resistant to ampicillin but 
susceptible to azithromycin, ceftriaxone, and ciprofloxacin. 
Azithromycin is the drug of choice for treatment of enteric fe
ver in South Africa. Ciprofloxacin is the empiric treatment of 
choice for uncomplicated enteric fever in South Africa. When 
antimicrobial susceptibility results are available, the treatment 
can be tailored accordingly.

Eleven rectal swabs collected from household contacts of 6 
cases all tested negative for Salmonella Typhi on culture.

Environmental Findings

Salmonella Typhi was not isolated from 5 municipal tap water 
samples collected from affected households, and the total 

coliform counts were within the limit for drinking water in 
South Africa (<10 colony-forming units/100 mL).

DISCUSSION

An unusual feature of this outbreak of enteric fever was that it 
affected predominantly males of working age rather than chil
dren aged <15 years, as is more commonly described [5, 21– 
23]. We hypothesized that primary exposure to the source of 
infection was limited to this particular group, namely Zama 
Zamas working in an abandoned mine shaft in the City of 
Matlosana. Although we could establish occupation in only 
26 of 53 cases, this theory is supported by the fact that 54% re
ported to be Zama Zamas, and they became ill while working 
underground. No other common occupation was reported by 
≥2 people, while the age group affected could suggest a com
mon occupation or social activity. The illegal nature of 
Zamas Zamas’ work makes it likely that this occupation would 
be underreported. Enteric fever has a median incubation period 
of 2 weeks [24], and miners spend an average of 5 months 

Figure 5. Minimum spanning tree drawn according to cgMLST data from Salmonella Typhi isolates sourced from South Africa, 2020–2022. The circular nodes represent 
isolates. Isolates showing ≤5 allelic differences are collapsed into a single circular node. cgMLST, core genome multilocus sequence typing.
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underground, limiting the possible place of exposure to the 
mines. Other than illegal mining activities reported by the min
ers, there were no common activities shared among the cases, 
and they did not know one another. Despite living in different 
provinces and communities, definite epidemiologic links to the 
mine shaft in the City of Matlosana were established among 
some of the cases.

The prolonged nature of the outbreak is likely due to the 
presence of acutely ill persons [25] and possibly chronic carri
ers [26, 27] working and living in the shafts, continually shed
ding the bacteria in their feces and leading to ongoing 
contamination of the groundwater sources within the shafts. 
Prolonged outbreaks of enteric fever have been associated 
with the presence of chronic carriers [26].

It is likely that the Salmonella Typhi strain in this outbreak was 
imported from Mozambique through the index case who got ill 
while in Mozambique. Subsequently, the strain got introduced 
into the mine shafts in the City of Matlosana by the partner of 
the index case, who is likely an asymptomatic carrier. A study 
in Western Sydney identified 2 siblings who contracted enteric 
fever in 2013, and investigations identified the father as a chronic 
carrier. The father had traveled to Bangladesh in 2011 but never 
developed symptoms [28]. A similar outbreak was reported in 
Japan, where a returning traveler, also a chef, was identified as 
an asymptomatic carrier [29]. In our study, 3 months after the 
family cluster was determined, the first hospitalized Zama 
Zama was identified in April 2021; subsequently, on average, a 
Zama Zama belonging to the outbreak was reported every month 
between April 2021 and September 2022.

Contamination of municipal water was considered an un
likely source of the outbreak, as most of the cases cited access 
to safe water and adequate sanitation while on the surface; 
in addition, the cases reside in 5 provinces, with different sourc
es of municipal water supplies from different reservoirs. 
Municipality-supplied running tap water in the City of 
Matlosana showed coliform counts within acceptable limits. 
In contrast to this slow-growing and prolonged outbreak, out
breaks of enteric fever associated with drinking municipal wa
ter are typically associated with a sudden increase in the 
number of cases and affect mostly vulnerable groups, including 
children [22, 30].

The presence of cases that had no contact with Zama Zamas 
or illegal mining activities suggests community transmission. 
When Zama Zamas resurface from the mines, they return to 
live with their families within their communities. Those who 
are acutely ill and asymptomatic carriers may continue spread
ing the infection to their household contacts [31] and possibly 
people within the community. Some of the infected Zama 
Zamas travel to other provinces and neighboring countries. 
This increases the risk of potential contamination of municipal 
water sources and food sources in the community, which could 
result in large water- or foodborne outbreaks of enteric fever.

Enteric disease outbreaks among miners have been reported 
in South Africa and other African countries. In 2002 an out
break of cholera occurred at a gold mine in the North West 
Province affecting miners and administration staff. Twelve 
laboratory-confirmed cases were identified, with 9 of the cases 
working in the same shaft [32]. In 2010, an outbreak of cholera 
occurred among a group of small-scale miners in the Eastern 
Region of Ghana. A total of 136 cases were recorded, with 
56% being males, of which 40% were either miners or coming 
from households of miners [33].

All cases in this outbreak were hospitalized and 3 died. 
Complications were noted among 9 of the 30 interviewed cases. 
When compared with other studies, the rate of complications 
was higher in this outbreak [34–36], most likely due to delayed 
presentation [22, 37–39]. Over 70% of Zama Zamas in South 
Africa are illegal immigrants [40], which may result in hesitan
cy to seek health care. Among those who reported illness onset, 
the median period before presentation to hospital was 14 days.

An additional consequence of not seeking health care is that 
without treatment some of the cases will progress to carrier sta
tus and continue shedding the bacteria, increasing the risk of 
food and water contamination within the communities and 
in the mines.

The outbreak team recommended several interventions: 
health education, community messaging around hand hygiene 
and food/water safety, raising awareness among health care 
workers, and ongoing monitoring of municipal water sources. 
Most important was the need to develop and implement target
ed health education to inform Zama Zamas of the high risk of 
enteric fever and the use of preventive measures while working 
underground, including water treatment tablets or household 
bleach to treat water for drinking or cooking and the use of 
alcohol-based sanitizer for cleaning hands before eating. 
Prompt interventions can help prevent larger outbreaks and 
minimize the risk of a similar outbreak occurring in the future.

Limitations

Case investigation forms could be completed for only 57% of 
the cases. The illegal nature of Zama Zamas’ work gave rise 
to a number of limitations: reluctance of cases or proxies to dis
close their occupation, failure to disclose the identity of the 
shaft or definitively identify the location of the shaft, and inabil
ity of the outbreak team to enter the mine to collect and test wa
ter samples. Many Zama Zamas in South Africa are illegal 
immigrants [40] and are hesitant to seek health care, probably 
resulting in missed cases. A case-control study could not be 
conducted due to a lack of appropriate controls.

CONCLUSION

We described an outbreak of enteric fever predominantly af
fecting Zama Zamas, likely due to the consumption of 
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contaminated groundwater while working underground in a 
specific gold mine shaft in the City of Matlosana. The outbreak 
was perpetuated by at least 3 different but concurrent patterns 
of transmission: (1) a persistent source of transmission to Zama 
Zamas due to the presence of acutely ill miners underground 
and possibly chronic carriers, (2) secondary transmission di
rectly from infected miners to household and community con
tacts, and (3) transmission to other provinces by infected 
miners traveling from the City of Matlosana to other provinces. 
This investigation highlights the value of whole genome se
quencing to detect clusters and support epidemiologic investi
gation of Salmonella Typhi outbreaks.
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