Pathogens that Cause Illness
Clinically Indistinguishable from
Lassa Fever, Nigeria, 2018
Jonathan W. Ashcroft,1 Adebola Olayinka, Nnaemeka Ndodo, Kuiama Lewandowski,
Martin D. Curran, Chioma Dan Nwafor, Kingsley Madubuike, Helen Bagnall, Abdulmajid S. Musa,
Adama Ahmad, Afolabi Akinpelu, Adesola Adeleye, Chukwuji Martin, Adejoke Akano,
Michael Onoja, Akanimo Iniobong, Winifred Ukponu, Chinedu Arinze, Else Ilori,
Nwando Mba, Benedict Gannon, Anthony Ahumibe, Chikwe Ihekweazu

During the 2018 Lassa fever outbreak in Nigeria, samples from patients with suspected Lassa fever but negative Lassa virus PCR results were processed through
custom gene expression array cards and metagenomic
sequencing. Results demonstrated no single etiology,
but bacterial and viral pathogens (including mixed coinfections) were detected.

T

imely and accurate laboratory differentiation of
infectious agents responsible for acute febrile illness represents a major challenge for West Africa.
The etiology of systemic febrile illness is particularly
poorly described; numerous region-endemic diseases
lead to similar initial clinical signs and symptoms (1).
In 2018, Nigeria experienced its largest recorded
outbreak of Lassa fever; during January 11–December
31, 2018, a total of 3,498 suspected cases were reported. Of these, 633 were confirmed positive, 20 probable, 2,853 negative, and 8 undetermined (2). A high
number of patients met the case definition for Lassa
fever yet ultimately tested negative for the virus and
no causative pathogen was identified. To determine
the causes of the patients’ illnesses, we analyzed gene
expression and conducted metagenomic analysis.
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The Study
During January–December 2018, state health departments across Nigeria collected samples from persons
with suspected cases according to Nigeria’s National
Lassa Fever Outbreak Guidance for patients who met
the case definition for Lassa fever (V. Navapurkar et
al., unpub. data, https://www.medrxiv.org/conte
nt/10.1101/2020.06.02.20118489v3.full.pdf) (Appendix, https://wwwnc.cdc.gov/EID/article/28/5/211153-App1.pdf). For sample selection, we used a
convenience-based approach. Inclusion criteria were
sample collection in 2018, Lassa-negative quantitative
reverse transcription PCR (RT-PCR) results, malarianegative test results (CareStart Malaria RDT; AccessBio, https://accessbio.net), sufficient sample remaining for subsequent testing, and available basic patient
demographic information.
To address the differential diagnoses, we opted
to use a TaqMan Array Card (Applied Biosystems,
https://www.thermofisher.com) with prespotted
singleplex real time PCRs (1 sample can be simultaneously screened for 50 pathogens) (Appendix Figure 2). The assay and data analysis were conducted
as previously described (3,4; S. Minot et al., unpub.
data, https://www.biorxiv.org/content/biorxiv/
early/2015/09/28/027607.full.pdf). We visually inspected the amplification curve of each reaction and
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The most prevalent species of bacteria among the 15
identified were Streptococcus spp., Salmonella spp.,
Enterobacteriaceae spp., Pseudomonas aeruginosa, Escherichia coli, and Klebsiella pneumoniae. Cycle threshold
(Ct) ranges for the positive hits ranged from a low of
16.2 (Neisseria meningitidis) to a high of 43.8 (Proteus
spp.); Ct for most samples was in the 25–35 range
(Appendix Figure 4).
Of the 84 samples positive by TAC, 34 registered
>1 target, including mixed bacterial and viral infections (Appendix Table 2, Figure 3). Of these 84, most
(95.23%) contained 1–4 detectable pathogens; the
remaining samples (4.8%) contained 5–7 detectable
pathogens. The pathogenic constellations of patients
with higher levels of co-infection (e.g., Epstein-Barr
virus, K. pneumoniae, and Enterobacter cloacae) are in
line with those expected to be observed in immunocompromised persons (7). Although confident with
the results, we cannot completely rule out the possibility of sample contamination; however, we took
Figure 1. Number of samples from patients who met the case
definition for Lassa fever that were positive for specific viral
pathogens, among 160 samples tested, Nigeria, 2018. CMV,
cytomegalovirus; TAC, TaqMan Array Cards (Applied Bio systems,
https://www.thermofisher.com).

classified findings as positive (pathogen target detected) or negative (pathogen target not detected).
We used no multicomponent or raw data plots for
classification. Public Health England (Cambridge)
independently reviewed the final results and found
no deviations in reported interpretations. We randomly selected 12 of the samples that had been
run on the TaqMan Array Cards (TACs) and subjected them to MinION sequencing by previously
described methods (5,6). Of these 12, we found 0
positive TAC hits for 3 samples and 1–8 hits for the
remaining 9 samples.
We examined samples collected from 21 of 37
states within Nigeria, most from Plateau (20.00%),
Bauchi (15.60%), Nasarawa (11.25%), Federal Capital
Territory (10.00%), Taraba (8.75%), and Kogi (6.88%).
Of the 160 samples, ≈58% were from male patients;
combined population ages ranged from 2 months to
70 years (median age for male and female patients
was 25 years) (Appendix Table 1).
Of the 160 samples tested, TAC detected >1 positive bacterial or viral hit for 84 (52.5%) samples. TAC
runs recorded positive hits for 8 viruses and 15 types
of bacteria (Figures 1, 2; Appendix Figure 3). Virus results were positive for Lassa virus, yellow fever virus,
measles virus, cytomegalovirus, adenovirus, EpsteinBarr virus, dengue virus, and varicella zoster virus.

Figure 2. Number of samples from patients who met the case
definition for Lassa fever that were positive for specific bacterial
pathogens, among 160 samples tested, Nigeria, 2018. *All
Salmonella_ttr–positive samples also registered as Salmonella_
hilA–gene positive. †Includes one EAggEC. ‡Sample also
positive for Streptococcus, Proteus spp., and Pseudomonas
aeruginosa. E. cloacae, Enterobacter cloacae; EAggEC,
enteroaggregative E. coli; E. coli, Escherichia coli;
H., Haemophilus; K., Klebsiella; N., Neisseria; P., Pseudomonas;
S., Streptococcus; TAC, TaqMan Array Cards (Applied
Biosystems, https://www.thermofisher.com); ttr, tetrathionate.
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Table 1. Array and MinION sequencing results for a subset of samples from patients who met the case definition for Lassa fever that
were positive for virus, Nigeria, 2018*
Sample
Kraken hits
TAC virus hits
Mapping hits
Mapped reads, no. (%)
307
None
None
NA
NA
165
Human mastadenovirus B
Adenovirus
Adenovirus 2
246 (0.07)
349
Yellow fever virus
Yellow fever virus
Yellow fever virus
66 (0.02)
370
None
None
NA
NA
184
None
None
NA
NA
320
None
Epstein-Barr virus
Epstein-Barr virus
22 (0.01)
344
None
None
NA
NA
279
Yellow fever
Yellow fever
Yellow fever virus
72 (0)
157
Pegivirus C (hepatitis G)
None
Pegivirus C (hepatitis G)
116 (0.01)
147
None
Dengue 2 virus
Dengue 2 virus
0
322
None
None
NA
NA
70
Lassa virus
Lassa virus
Lassa virus
16309 (5.05)-L, 8265 (2.575)-S
201
None
None
NA
NA
*MinION described in (5,6). NA, not applicable; TAC, TaqMan Array Cards (Applied Biosystems, https://www.thermofisher.com).

steps to minimize contamination (e.g., we prepared
fresh RNA extractions in dedicated cabinets and used
sample tracking forms).
For confirmatory sequencing using the MinION
sequencing platform, we randomly selected a subset
of 9 TAC-positive and 3 TAC-negative samples. Sequencing was performed in Nigeria (National Reference Laboratory, Abuja, Nigeria) and in the United
Kingdom (Public Health England, Porton Down,
UK). The MS2 control spike, used to demonstrate
reverse transcription and sequencing efficiency, was
satisfactory in all samples.
With respect to viral pathogens, the sequencing
data confirmed the results registered by the TACs
where available (Table 1). The only differences observed were for 2 samples: 1 weakly positive (Ct >40)
for dengue but not detected via sequencing and 1
negative by TAC but proven positive for pegivirus C
(a pathogen not represented on the TAC).
Of note are the yellow fever virus–positive and
Lassa virus–positive results. The yellow fever virus–
positive samples were from Kaduna and Kogi states;
patients first displayed signs/symptoms in late July,
late August, and early November 2018, the year
when the Nigeria Centre for Disease Control reported a large and widespread outbreak of yellow fever
in Nigeria, which affected many states. Centre data

indicate that, at the time of collection of the 3 yellow fever samples that were positive by TAC with or
without sequencing, those states had neither suspected nor confirmed cases of yellow fever (8). As such,
our results confirm the presence of yellow fever virus
when presence of the disease was only suspected.
For the 3 Lassa virus–positive samples, 1 had
been misclassified as negative because of an initial
laboratory error (e.g., undetected run fail). Of the other 2 samples, 1 was originally recorded as negative by
RT-PCR, but a rerun confirmed the presence of Lassa
virus (Altona, Ct = 38.51); the other registered as positive for Lassa virus (Nigeria, Pinneo strain, clade 1)
but did not register a positive result on RT-PCR (Altona), possibly because of diagnostic primer sets not
possessing sufficient homology.
With respect to samples that contained TACpositive bacterial targets, because sample extracts
had been prepared to favor detection of viral pathogens, we could not complete full analysis of potential bacterial pathogens. We compared potential bacterial pathogens indicated by TAC with the Kraken
(https://github.com) taxonomic analysis. Read numbers were reported at the genus level (Table 2). Analysis does not rule out the presence of these pathogens;
however, data are insufficient for determining presence with certainty.

Table 2. Array and MinION sequencing results for a subset of samples from patients who met the case definition for Lassa fever that
were positive for bacteria, Nigeria, 2018*
Seq hit 1 (no. mapped
Seq hit 2 (no.
Seq hit 3 (no.
Seq hit 4 (no.
Seq hit 5 (no.
Sample
TAC hits
reads)
mapped reads)
mapped reads)
mapped reads)
mapped reads)
307
Klebsiella
Salmonella_hilA (108)
Salmonella_ttr
Enterobacter (55)
Enterobacter
Enterobacter (56)
pneumoniae
(55)
cloacae (55)
165
Pan-Borrelia
Spirochetes (27)
None
None
None
None
349
Escherichia coli
E. coli (58)
None
None
None
None
generic
344
Streptococcus
Mec_A (591)
Staphylococcus
Pseudomonas
Streptococcus.
Streptococcus
(657)
aeruginosa (3)
pyogenes (591)
(591)
279
Streptococcus
Streptococcus (8,837)
None
None
None
None
*Only samples with hits are shown. Seq hits at the genus level (number of reads). MinION described in references 5,6. TAC, TaqMan Array Cards
(Applied Biosystems, https://www.thermofisher.com). Seq hit, sequencing hit.
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Conclusions
When examining samples from patients who met the
case definition for Lassa fever but tested negative for
the Lassa virus by quantitative RT-PCR, we found
that processing the samples through custom TaqMan
Array Cards revealed that there was no single cause of
the patients’ signs/symptoms. Instead, results were
far more complex, detecting a variety of bacterial and
viral pathogens (including mixed co-infections). For
the random TAC-positive and TAC-negative samples
that underwent metagenomic sequencing, results corroborated the TAC viral results well and supported
the bacterial results. It is likely that a proportion of
the TAC-negative samples (47.5%) were from patients
whose illness did indeed have an infectious etiology
but did not register on the TAC because the pathogen
for the molecular target was not represented, and a
proportion might not have had an infectious origin.
The pathogens identified in this study could be added
to the differential diagnosis for patients with Lassa
fever signs/symptoms but negative Lassa virus/malaria test results during outbreaks in West Africa.
Acknowledgments
We thank the following persons for their support:
Innocent Okoli, Dan Bailey, Ruth Elderfield, Matt Catton,
Anna Seale, Susan Ismaeel, Thom Banks, William
Nicholas, Jimmy Whitworth, Steve Pullan, Dan Carter,
Karen Osman, Sola Aruna, Colin Brown, Miles Carroll,
and Tim Brooks.
The UK Public Health Rapid Support Team is a partnership
between Public Health England and the London School of
Hygiene & Tropical Medicine, funded by UK Aid from the
Department of Health and Social Care.

About the Author
At the time of the study, Dr. Ashcroft was deputy lead
microbiologist for the UK Public Health Rapid Support

Team; he is now senior science advisor for the British
Army. His research interests include pathogen discovery,
global health security, and public health advocacy.
References
1.

2.

3.
4.
5.

6.

7.

8.

McCormick JB, King IJ, Webb PA, Johnson KM,
O’Sullivan R, Smith ES, et al. A case-control study of
the clinical diagnosis and course of Lassa fever. J Infect
Dis. 1987;155:445–55. https://doi.org/10.1093/
infdis/155.3.445
Marongiu L, Shain E, Drumright L, Lillestøl R,
Somasunderam D, Curran MD. Analysis of TaqMan
Array Cards data by an assumption-free improvement
of the maxRatio algorithm is more accurate than the
cycle-threshold method. PLoS One. 2016;11:e0165282.
https://doi.org/10.1371/journal.pone.0165282
Wood DE, Lu J, Langmead B. Improved metagenomic
analysis with Kraken 2. Genome Biol. 2019;20:257.
https://doi.org/10.1186/s13059-019-1891-0
Li H, Durbin R. Fast and accurate long-read alignment with
Burrows-Wheeler transform. Bioinformatics. 2010;26:589–95.
https://doi.org/10.1093/bioinformatics/btp698
Kafetzopoulou LE, Pullan ST, Lemey P, Suchard MA,
Ehichioya DU, Pahlmann M, et al. Metagenomic sequencing
at the epicenter of the Nigeria 2018 Lassa fever outbreak.
Science. 2019;363:74–7. https://doi.org/10.1126/
science.aau9343
Lewandowski K, Xu Y, Pullan ST, Lumley SF, Foster D,
Sanderson N, et al. Metagenomic nanopore sequencing of
influenza virus direct from clinical respiratory samples.
J Clin Microbiol. 2019;58:e00963–19. https://doi.org/
10.1128/JCM.00963-19
Shields A, Patel S. Infections in the immunocompromised
host: primary immunodeficiency disorders. Medicine
(Baltimore). 2021;49:603–10. https://doi.org/10.1016/
j.mpmed.2021.07.002
Nigeria Centre for Disease Control. An update of
yellow fever outbreak in Nigeria [cited 2021 May 1].
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=
An%20update%20of%20Yellow%20Fever%20outbreak%20
in%20Nigeria

Address for correspondence: Adebola Olayinka, Nigeria Centre
for Disease Control, Plot 801 Ebitu Ukiwe St, Jabi-Abuja, FCT,
Nigeria; email: adebola.olayinka@ncdc.gov.ng

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 5, May 2022

997

