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Since February 2022, Malawi has experienced a cholera
outbreak of >54,000 cases. We investigated 6 cases in
South Africa and found that isolates linked to the out-
break were Vibrio cholerae O1 serotype Ogawa from
seventh pandemic El Tor sublineage AFR15, indicating
a new introduction of cholera into Africa from south Asia.

The seventh cholera pandemic arrived in Africa dur-
ing 1970, and the related cholera strain, Vibrio choler-
ae O1 biotype El Tor (7PET), has since become endemic
in many countries in Africa (1-3). As of March 20, 2023,
at least 24 countries globally reported ongoing cholera
cases. Several countries in southeastern Africa, in partic-
ular Malawi and Mozambique, were experiencing out-
breaks. In addition, outbreaks were spreading region-
ally, including to Tanzania, Zambia, Zimbabwe, and
South Africa. The largest active cholera outbreak on the
continent was in Malawi: 54,841 cases and 1,684 deaths
reported during February 28, 2022-March 20, 2023 (4).
South Africa is not considered endemic for cholera;
previous outbreaks have typically been associated with
importation events. However, cholera remains under ac-
tive surveillance in South Africa. The National Institute
for Communicable Diseases is notified of all suspected
cases. All V. cholerae isolates are submitted to the Cen-
tre for Enteric Diseases, which provides further labora-
tory investigation, including phenotypic and genotypic
characterization (Appendix 1, https://wwwnc.cdc.
gov/EID/article/29/8/23-0750-Appl.pdf) (5). Ethics
approval was obtained from the Human Research Eth-
ics Committee, University of the Witwatersrand, Johan-
nesburg, South Africa (protocol reference no. M210752).
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Table. Characteristics of cholera cases and classification of Vibrio cholerae O1 serotype Ogawa sequence type 69 isolates from
patient fecal samples, Gauteng Province, South Africa, 2023

Date sample Patient Clinical
Case collected Cholera case classification Comment on case classification age, y/sex manifestations
1 2023 Feb 1 Imported case Infected in Malawi 37/F Acute diarrhea
and dehydration
2 2023 Feb 2 Imported case Infected in Malawi 44/F Mild diarrhea
3 2023 Feb 5 Related to imported case  Close household contact of case-patient 1 41/M Acute diarrhea
(direct link to imported case) and dehydration
4 2023 Feb 16 Locally acquired No travel history; no evidence of 27/M Acute diarrhea
indigenous case direct link to an imported case and dehydration
5 2023 Feb 12 Locally acquired No travel history; no evidence of 23/M Mild diarrhea
indigenous case direct link to an imported case
6 2023 Feb 23 Locally acquired No travel history; no evidence of 19/F Mild diarrhea
indigenous case direct link to an imported case

As of February 28, 2023, a total of 6 cholera cases occurred in Gauteng Province (Table); 3 case-patients
in South Africa had been laboratory confirmed by the were female (19-44 years of age) and 3 male (23-41
Centre for Enteric Diseases; fecal samples were col- years of age). Cases 1-3 were imported or import-re-
lected from patients February 1-23, 2023. All cases lated cases. Case-patients 1 and 2 (sisters) left Johan-

Region Geographic
; region
; B Africa
CNRVC190003 India 2019
AFR1 M Asia CNRVC190048 India 2019
. NRVC190050 India 2019

CNRVC190057 India 2019

SRR20083339 2021V-1160 India 2021

SRR22561727 PNUSAV003594 India 2022
SRR21449932 PNUSAV003223 India 2022
SRR23644540 PNUSAV003579 Pakistan 2022
SRR19537974 PNUSAV002860 Pakistan 2022

AFR3 . Europe

AFR4
ﬁ AFR5 [ Middle East

N AFR6 Oceania

AFR7 SRR22936399 Pakistan 2022
SRR22561718 PNUSAV003597 Pakistan 2022
i AFR8 Vch-N1252 Pakistan 2022

SRR22947118 Pakistan 2022
SRR22936405 Pakistan 2022
SRR22936408 Pakistan 2022
SRR22936401 Pakistan 2022
SRR23644598 PNUSAV003629 Pakistan 2022
SRR22936396 Pakistan 2022
SRR19912664 PNUSAV002918 Pakistan 2022
SRR18456400 PNUSAV002693 Pakistan 2022
SRR20325463 PNUSAV002943 Iraq 2022
SRR22947124 Pakistan 2022
SRR22947123 Pakistan 2022
SRR22936389 Pakistan 2022
SRR22936391 Pakistan 2022
SRR22947122 Pakistan 2022
SRR22947121 Pakistan 2022

SRR22936409 Pakistan 2022
; SRR22936410 Pakistan 2022
— AFR11 l=\/ch-Q4233 Pakistan 2022
\ L SRR19326147 PNUSAV002803 Pakistan 2022

= SRR22936407 Pakistan 2022
txB7
¢ _ AFR12 = SRR22947126 Pakistan 2022

Case 1 - LD04947912 Malawi 2023
_ AFR13

| Case 3 -LD04952620 South Africa 2023

AFR9

AFR10

-Eb |

| Case 2 -YA00436893 Malawi 2023 AFR1 5
—_— :Emi Case 4 - LD04967541 South Africa 2023
‘ Case 6 - YA00444950 South Africa 2023
Case 5 - IK04586933 South Africa 2023
0.01 0.001

Figure. Maximum-likelihood phylogeny of Vibrio cholerae O1 El Tor isolates collected in South Africa, 2023, compared with 1,443
reference seventh pandemic V. cholerae El Tor (7PET) genomic sequences. A6 was used as the outgroup. The genomic waves and
acquisition of the ctxB7 allele are indicated. Color coding indicates the geographic origins of the isolates; sublineages previously
introduced into Africa (AFR1, AFR3-AFR14) are shown at right. A magnification of the clade containing the 6 isolates from South Africa
(red text) is shown at right. For each genome, name (or accession number), country where contamination occurred, and year of sample
collection are shown at the tips of the tree. The 6 isolates collected in South Africa belong to a new 7PET wave 3 sublineage called
AFR15. Blue dots indicate bootstrap values 290%. Scale bars indicate number of nucleotide substitutions per variable site.
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nesburg on January 15, 2023, and traveled together to
Chinsapo, Lilongwe, Malawi, in one of the districts re-
porting active outbreaks, where they stayed until their
departure on January 29, 2023. Both women reported
onset of symptoms within 12 hours of departure dur-
ing the bus trip back to Johannesburg. Case-patient 3
was a close household contact of case-patient 1. Case-
patients 4-6 acquired infection locally and were clas-
sified as indigenous cases; none had travelled or had
any link to the imported or import-related cases or to
one another. We identified isolates associated with all
6 cases as V. cholerae O1 serotype Ogawa and all were
PCR-positive for the cholera toxin-producing gene.

We used whole-genome sequencing, comparative
genomics, and phylogenetic analysis to further char-
acterize the isolates (Appendix 2 Tables 1, 2, https://
wwwnc.cdc.gov/EID/article/29/8/23-0750-App1.
xlsx). The 6 V. cholerae O1 isolates had similar ge-
nomic features, including the toxin-coregulated pilus
gene subunit A gene variant, fcpA“RI a deletion
(AVC_0495-VC_0512) within the vibrio seventh pan-
demic island II (VSP-II), and an SXT/R391 integrating
conjugating element called ICEVchInd5, encoding re-
sistance to streptomycin (strAB), sulfonamides (sul2),
trimethoprim (dfrA1), and trimethoprim/sulfamethox-
azole (dfrAl and sul2) and resistance or intermediate
resistance to chloramphenicol (floR). The isolates also
had mutations of VC_0715 (resulting in the R169C sub-
stitution) and VC_A0637 (resulting in the premature
stop codon Q5Stop) conferring nitrofuran resistance,
and of the DNA gyrase, gyrA (S831), and topoisomerase
IV, parC (S85L) genes, conferring resistance to nalidixic
acid and decreased susceptibility to ciprofloxacin (3,6).
The isolates also had a specific nonsynonymous single-
nucleotide variant (SNV) in the vprA gene (VC_1320)
(resulting in the D89N substitution), conferring sus-
ceptibility to polymyxins (6).

To place these 6 isolates into a global phylogenetic
context, we constructed a maximum-likelihood phy-
logeny of 1,443 genomes (Appendix 2 Table 3) with
10,679 SNVs evenly distributed over the nonrepeti-
tive, nonrecombinant core genome. All isolates from
South Africa clustered together (median pairwise dis-
tance of 4 [range 0-8] core-genome SNVs) in the 7PET
lineage wave 3 clade, containing isolates carrying the
ctxB7 allele (Figure) (6). However, those isolates did
not belong to any of the sublineages previously found
in Africa (AFR1 and AFR3-AFR 14) (Figure) (3,6,7);
instead, they tightly grouped with genomes of south
Asia variants, suggesting that the 2022-2023 cholera
outbreak in Malawi and cases in South Africa in our
study were associated with a newly imported 7PET
strain, sublineage AFR15, from south Asia. All but 1
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of the closest genomes were either collected locally
and identified in Pakistan during June-December
2022 or detected within the framework of cholera sur-
veillance in the United States or Australia (8§).

In conclusion, we show that isolates from cases in
South Africa, which have been linked to the 2022-2023
cholera outbreak in Malawi, belong to the seventh pan-
demic El Tor sublineage AFR15. Those cases did not re-
sult from resurgence of a strain previously circulating in
any region of Africa but were caused by a cholera agent
newly introduced into Africa from south Asia. This
finding offers valuable information to all public health
authorities in Africa. Genomic microbial surveillance
and cross-border collaborations have a key role to play
in identifying new cholera introductions, areas prone
to cholera importation, and the main routes of cholera
circulation. All of these elements are key to better under-
standing cholera epidemiology in Africa.

Acknowledgement

We thank the Gauteng Department of Health for their
contributions.

This study was made possible by support from the
SEQAFRICA project, which is funded by the UK
Department of Health and Social Care’s Fleming Fund
using UK aid.

About the Author

Dr. Smith is employed as a principal medical scientist

at the Centre for Enteric Diseases, National Institute for
Communicable Diseases, South Africa. He also holds

the appointment of extraordinary professor with the
University of Pretoria, South Africa. His interests include
surveillance and epidemiology of enteric bacterial
pathogens in South Africa.

References

1. Mintz ED, Tauxe RV. Cholera in Africa: a closer look and a
time for action. J Infect Dis. 2013,208(Suppl 1):54-7.
https:/ /doi.org/10.1093/infdis/jit205

2. Mutreja A, Kim DW, Thomson NR, Connor TR, Lee JH,
Kariuki S, et al. Evidence for several waves of global
transmission in the seventh cholera pandemic. Nature.
2011;477:462-5. https:/ / doi.org/10.1038 /nature10392

3. Weill EX, Domman D, Njamkepo E, Tarr C, Rauzier J,
Fawal N, et al. Genomic history of the seventh pandemic of
cholera in Africa. Science. 2017;358:785-9. https:/ / doi.org/
10.1126/ science.aad5901

4. World Health Organization (WHO). 2023. Multi-country
outbreak of cholera, external situation report #1 —28
March 2023 [cited 2023 Apr 17]. https:/ /www.who.int/
publications/m/item/multi-country-outbreak-of-cholera-
-external-situation-report--1---28-march-2023

5. Smith AM, Weill FX, Njamkepo E, Ngomane HM,
Ramalwa N, Sekwadi P, et al. Emergence of Vibrio cholerae

1689



RESEARCH LETTERS

O1 sequence type 75, South Africa, 2018-2020. Emerg
Infect Dis. 2021;27:2927-31. https:/ / doi.org/10.3201/
eid2711.211144

6. Weill FX, Domman D, Njamkepo E, Almesbahi AA, Naji M,
Nasher SS, et al. Genomic insights into the 2016-2017
cholera epidemic in Yemen. Nature. 2019;565:230-3.
https:/ /doi.org/10.1038/s41586-018-0818-3

7. Benamrouche N, Belkader C, Njamkepo E, Zemam SS,
Sadat S, Saighi K, et al. Outbreak of imported seventh
pandemic Vibrio cholerae O1 El Tor, Algeria, 2018. Emerg
Infect Dis. 2022;28:1241-5. https:/ /doi.org/10.3201/
€1d2806.212451

8. Sim EM, Martinez E, Blackwell GA, Pham D, Millan G,
Graham RMA, et al. Genomes of Vibrio cholerae O1 serotype
Ogawa associated with current cholera activity in
Pakistan. Microbiol Resour Announc. 2023;12:e0088722.
https://doi.org/10.1128 /mra.00887-22

Address for correspondence: Anthony Smith, Centre for Enteric
Diseases, National Institute for Communicable Diseases, Private
Bag X4, Sandringham, 2131, Johannesburg, South Africa; email:

anthonys@nicd.ac.za

Asymptomatic Healthcare
Worker PCR Screening during
SARS-CoV-2 Omicron Surge,
Germany, 2022

Ralph Bertram, Wolfgang Hitzl, Eike Steinmann,
Joerg Steinmann

Author affiliations: Paracelsus Medical University, Nuremberg,
Germany (R. Bertram, J. Steinmann); Paracelsus Medical
University, Salzburg, Austria (W. Hitzl); Ruhr University Bochum,
Bochum, Germany (E. Steinmann)

DOI: https://doi.org/10.3201/eid2908.230156

During 2022, a total of 9,515 asymptomatic healthcare
workers of a large hospital in Germany underwent SARS-
CoV-2 PCR screening twice weekly. Of 398,784 saliva
samples, 3,555 (0.89%) were PCR positive (median cycle
threshold value 30). Early identification of infected health-
care workers can help reduce SARS-CoV-2 transmission
in the hospital environment.

OVID-19, caused by the SARS-CoV-2 virus, re-
sults in acute pulmonary and extrapulmonary
manifestations and frequently causes long-term se-
qualae (1). In Germany, =38.5 million SARS-CoV-2
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Table. Characteristics and key indicators for a surveillance study
among asymptomatic healthcare workers during SARS-CoV-2
Omicron surge, Germany, 2022*

Characteristic Value
Total no. PCR tests 398,784

Median no. tests/wk (IQR) 7,559 (6,834-8,139)

Total no. PCR-positive tests 3,555
Median positivity rate, % (IQR) 0.9 (0.45-1.17)

Minimum, January 3-9 0.25

Maximum, March 14-20 1.89
Total no. HCWs tested 9,515

No. (%) infected 2,782 (29.2)

No. (%) HCWs with >2 infections 463 (4.87)
Sex, no. (%)

M 705 (25.3)

F 2,077 (74.7)
Median age, y (IQR) 42 (30-53)
Median Ct value (IQR) 30 (27-32)
No. (%) completing immunization 8,926 (93.8)

regiment

*Ct, cycle threshold; HCW, healthcare worker.
tAs of March 2022 (Appendix Table 2,
https://wwwnc.cdc.gov/ElD/article/29/8/23-0156-App1.pdf).

infections and ~174,000 COVID-19 deaths had been
reported through May 2023 (2). Among those, ~30.2
million infections and ~47,000 deaths occurred dur-
ing 2022, when SARS-CoV-2 Omicron variant domi-
nance was accompanied by a mean hospitalization in-
cidence of 5.87 (2). SARS-CoV-2 infection rates among
hospitalized patients were reported to be ~10%-15%
(3). Healthcare workers (HCWs) also were exposed
to an elevated risk of acquiring and shedding SARS-
CoV-2 infections (4). Regular SARS-CoV-2 testing of
asymptomatic HCWs has been found to reduced viral
transmission to patients and coworkers (5). We report
data from a systematic SARS-CoV-2 PCR screening
program comprising >9,500 HCWs in a large hospital
in Germany during 2022.

Klinikum Niirnberg is a tertiary care hospital
with 2,233 beds at 2 sites in Nuremberg, Germany,
and cares for 100,000 inpatients and ~170,000 out-
patients per year. During January-November 2022,
all 9,515 hospital staff were instructed to participate
in a government-mandated regular SARS-CoV-2
PCR screening program. According to federal law in
Germany, participation was mandatory irrespective
of the level of working exposure risk or vaccination
status (Table; Appendix Table 1, https:/ /wwwnc.cdc.
gov/EID/article/29/8/23-0156-Appl.pdf).

Asymptomatic HCWs collected saliva samples
twice weekly via self-sampling using a reliable gar-
gling method (6); part-time workers collected samples
less frequently. Samples were subjected to PCR testing
by an external provider, and turnaround time between
sampling and electronic reporting was ~24-38 h. How-
ever, staff with acute COVID-19 symptoms were imme-
diately PCR tested in house. Persons with PCR-verified
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