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Since 2017, Nigeria has experienced large outbreaks of Lassa fever (LF) [1,2]. The Nigeria Centre for 
Disease Control (NCDC) activated its Emergency Operations Centre for the outbreak response. 
However, it was difficult to determine the emergency phase for LF outbreak response because of its 

endemicity. Because there are ongoing sporadic LF cases throughout the year [2], a single case of the dis-
ease cannot be the trigger to determine the emergency phase of LF such as the case of Ebola [3]. The 
World Health Organization advocated the use of alerts for malaria when weekly cases exceed the 75th per-
centile of cases from the same week in previous years [4]. However, applying similar thresholds for LF 
seems too low to implement intensive response in resource-limiting setting. Additionally, the thresholds 
do not take consideration of the capacity of response activity itself.

Here, we describe the development of composite indicators to determine the emergency phase for LF 
outbreak response in Nigeria. The composite indicators consist of seven criteria to reflect the outbreak 
situation from various aspects.

COMPOSITE INDICATORS FOR EMERGENCY PHASE FOR 
OUTBREAK RESPONSE

1. Number of confirmed cases

Emergency phase designation criteria thresholds were developed using statistical 
criteria [2]. The thresholds were developed as the mean plus two standard devia-
tions of the weekly number of confirmed cases for the period of 2 weeks before and 
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after a particular week in the past 3 years (eg, data from week 3-7 in 2016-
2018 for the development of threshold for week 5 in 2019). This accounts 
for variation in LF incidence throughout the year and the previous years.

Number of states with cases exceeding bed capacity

Even if the number of confirmed cases at the national level was below the 
threshold defined in criterion 1, the outbreak could surpass local health 
care capacity. Therefore, we monitored the number of cases against bed 
capacity in LF treatment center at the state level.

2. Number of suspected cases

The number of confirmed cases would be less meaningful if there was no adequate surveillance activity 
to detect LF cases. Therefore, the number of suspected cases including both laboratory-confirmed and 
laboratory-negative cases was monitored to ascertain sufficient surveillance activity. To consider seasonal 
fluctuation of the disease, the lower thresholds were developed as the mean minus one standard devia-
tion of the number of suspected cases in the past 3 weeks in the same year.

3. Case fatality rate

Timely and appropriate medical care, such as ribavirin administration and renal dialysis, was reported to 
improve prognosis of patients with LF [1,5]. Unexpectedly high case fatality rate indicates malfunction 
of the health care system such as delayed referral to treatment center and poor compliance with case man-
agement guidelines [5]. We monitored weekly case fatality rate and compared it with that in the previous 
year.

4. Infection among health care workers

Nosocomial human-to-human transmission of the disease can be prevented by appropriate standard pre-
caution strategy. The criterion is met when there are ≥2 confirmed cases among health care workers.

5. Safe burial

Unsafe burial is considered to be a mode of secondary transmission of viral hemorrhagic fever. National 
guidelines stated that a safe and dignified burial should be conducted for every LF corpse by designated 
safe burial team [5]. There should be no unsafe burial of LF patient.

6. Turnaround time of laboratory test

Timely diagnosis of LF is important for better clinical management of patients and for prevention of fur-
ther spread of the disease. Although in Nigeria, a national network of laboratories covers the entire coun-

try for LF diagnosis, the surge of submission 
of samples during outbreak affected sample 
transportation and diagnostic test, resulting in 
the delay in turnaround time for diagnostic re-
sults. We monitored the proportion of samples 
in which the time from sample collection to 
diagnostic test report was ≥48 hours and com-
pared this proportion with that observed in 
the previous year.

APPLICATION OF INDICATORS 
AND INTERPRETATION OF 
EMERGENCY

Using the seven composite indicators, “Emer-
gency” of the outbreak was defined as either 
“criterion 1 and one more criterion” or “three 
or more of criterion 2–7.” Table 1 shows the 
situation of LF outbreak in 2019. Emergency 

The idea could be useful to deter-
mine emergency phase not only for 
Lassa fever but also for other en-
demic diseases to effectively and ef-
ficiently allocate resources particu-
larly in resource-limiting settings.

Photo caption: Meetings on Lassa fever outbreak response with national and local health 
authorities and partners (from the authors’ own collection, used with permission).



V
IE

W
PO

IN
TS

www.jogh.org •  doi: 10.7189/jogh.10.020353 3 December 2020  •  Vol. 10 No. 2 •  020353

Ta
bl

e 
1.

 C
om

p
os

it
e 

in
d

ic
at

or
s 

an
d

 s
it

u
at

io
n

 o
f 
L
as

sa
 f
ev

er
 o

u
tb

re
ak

 in
 N

ig
er

ia
 in

 2
0
1
9

W
k  1

W
k  2

W
k  3

W
k  4

W
k  5

W
k  6

W
k  7

W
k  8

W
k  9

W
k 

10
W

k 
11

W
k 

12
W

k 
13

W
k 

14
W

k 
15

W
k 

16
W

k  
17

W
k 

18
W

k 
19

W
k 

20
W

k 
21

W
k 

22
W

k 
23

W
k 

24
C

ri
te

ri
on

 
1

In
di

ca
to

r
N

um
be

r 
of

 c
on

fir
m

ed
 c

as
es

*
25

35
74

77
68

37
25

23
39

52
23

15
16

11
3

6
8

11
4

6
3

3
6

4

T
hr

es
ho

ld
C

al
cu

la
te

d 
fr

om
 d

at
a 

in
 t

he
 

pa
st

 3
 y

ea
rs

38
42

44
48

61
64

64
62

59
44

30
17

16
16

13
10

9
7

7
6

6
5

8
9

C
ri

te
ri

on
 m

et
?

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S

C
ri

te
ri

on
 

2
In

di
ca

to
r

N
um

be
r 

of
 s

ta
te

s 
w

it
h 

ca
se

s 
ex

ce
ed

in
g 

be
d 

ca
pa

ci
ty

0
0

3
4

3
1

1
1

1
2

1
0

0
0

0
0

0
0

0
0

0
0

0
0

T
hr

es
ho

ld
Fi

xe
d

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

C
ri

te
ri

on
 m

et
?

Y
E

S
Y

E
S

Y
E

S
Y

E
S

C
ri

te
ri

on
 

3†
In

di
ca

to
r

N
um

be
r 

of
 s

us
pe

ct
ed

 c
as

es
*

64
13

0
17

0
19

3
21

7
20

0
16

3
11

9
18

2
21

5
15

2
13

7
12

6
88

84
90

59
79

77
10

0
10

0
65

67
65

Lo
w

er
 

th
re

sh
ol

d
C

al
cu

la
te

d 
fr

om
 d

at
a 

in
 t

he
 

pa
st

 3
 w

ee
ks

65
59

48
67

13
2

16
9

19
0

16
5

12
0

12
2

12
3

15
1

12
6

12
5

91
76

84
61

60
60

72
79

68
57

C
ri

te
ri

on
 m

et
?

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

C
ri

te
ri

on
 

4
In

di
ca

to
r

C
as

e 
fa

ta
lit

y 
ra

te
 (

%
)

28
.0

22
.9

18
.9

14
.3

20
.6

27
.0

24
.0

26
.1

20
.5

21
.2

17
.4

33
.3

12
.5

9.
1

0
0

12
.5

36
.4

0
16

.7
0

33
.3

16
.7

25
.0

T
hr

es
ho

ld
D

at
a 

fr
om

 t
he

 p
re

vi
ou

s 
ye

ar
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0
25

.0

C
ri

te
ri

on
 m

et
?

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S

C
ri

te
ri

on
 

5
In

di
ca

to
r

N
um

be
r 

of
 c

on
fir

m
ed

 c
as

es
 

am
on

g 
he

al
th

ca
re

 w
or

ke
rs

0
0

1
1

4
3

1
1

0
0

1
0

1
0

0
0

1
0

0
0

0
0

0
0

T
hr

es
ho

ld
Fi

xe
d

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

C
ri

te
ri

on
 m

et
?

Y
E

S
Y

E
S

C
ri

te
ri

on
 

6
In

di
ca

to
r

N
um

be
r 

of
 u

ns
af

e 
bu

ri
al

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

T
hr

es
ho

ld
Fi

xe
d

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

C
ri

te
ri

on
 m

et
?

C
ri

te
ri

on
 

7
In

di
ca

to
r

Pr
op

or
ti

on
 o

f s
am

pl
es

 t
ha

t 
to

ok
 ≥

48
 h

ou
rs

 fr
om

 s
am

pl
e 

co
lle

ct
io

n 
to

 d
ia

gn
os

ti
c 

te
st

 
re

po
rt

 (
%

)

20
.3

26
.0

20
.0

17
.6

17
.9

19
.0

19
.5

29
.5

15
.6

10
.3

15
.2

22
.0

17
.2

12
.0

28
.8

14
.9

17
.5

17
.9

12
.7

10
.9

13
.3

15
.6

12
.3

9.
4

T
hr

es
ho

ld
D

at
a 

fr
om

 t
he

 p
re

vi
ou

s 
ye

ar
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0
22

.0

C
ri

te
ri

on
 m

et
?

Y
E

S
Y

E
S

Y
E

S
Y

E
S

E
m

er
ge

n
cy

 d
efi

n
ed

 b
y 

th
e 

co
m

p
os

it
e 

in
d

ic
at

or
s‡

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

E
m

er
ge

n
cy

 p
h

as
e‡

St
ar

t
O

n
g.

O
n

g.
O

n
g.

O
n

g.
O

n
g.

O
n

g.
O

n
g.

O
n

g.
O

n
g.

O
n

g.
O

n
g.

O
n

g.
O

n
g.

(E
n

d
) 

§
O

n
g.

O
n

g.
O

n
g.

O
n

g.
E

n
d

W
k
 –

 w
ee

k
, O

n
g.

 –
 o

n
go

in
g

*T
h

e 
d

ef
in

it
io

n
 o

f 
su

sp
ec

te
d

 a
n

d
 c

on
fi
rm

ed
 L

F
 c

as
es

 u
se

d
 f
or

 t
h

e 
in

d
ic

at
or

s 
w

as
 d

es
cr

ib
ed

 e
ls

ew
h

er
e 

[1
].

†C
ri

te
ri

on
 3

 is
 m

et
 w

h
en

 in
d

ic
at

or
 is

 ≤
 th

e 
th

re
sh

ol
d

s.
 F

or
 o

th
er

s,
 e

ac
h

 c
ri

te
ri

on
 is

 m
et

 w
h

en
 in

d
ic

at
or

 is
 ≥

 th
e 

th
re

sh
ol

d
s.

‡I
n

te
rp

re
ta

ti
on

 o
f 
co

m
p

os
it

e 
in

d
ic

at
or

s 
to

 d
ef

in
e 

em
er

ge
n

cy
 p

h
as

e 
is

 e
xp

la
in

ed
 in

 d
et

ai
l i

n
 t

h
e 

m
ai

n
 t

ex
ts

.
§A

cc
or

d
in

g 
to

 t
h

e 
d

ef
in

it
io

n
, 
w

ee
k
 1

7
 s

h
ou

ld
 h

av
e 

b
ee

n
 t

h
e 

en
d

 o
f 

th
e 

em
er

ge
n

cy
 p

h
as

e.
 H

ow
ev

er
, 
th

e 
co

n
ta

in
m

en
t 

of
 e

m
er

ge
n

cy
 p

h
as

e 
w

as
 n

ot
 d

ec
la

re
d

 t
h

en
 b

ec
au

se
 r

es
u

rg
e 

of
 t

h
e 

n
u

m
b
er

 o
f 

ca
se

s 
w

as
 r

ec
og

-
n

iz
ed

 d
u

ri
n

g 
w

ee
k
 1

8
 b

ef
or

e 
co

m
p

le
ti

on
 o

f 
as

se
ss

m
en

t 
fo

r 
w

ee
k
 1

7
.



V
IE

W
PO

IN
TS

December 2020  •  Vol. 10 No. 2 •  020353 4 www.jogh.org •  doi: 10.7189/jogh.10.020353

Correspondence to:
Yuki Furuse, MD, PhD 
Assistant Professor 
Institute for Frontier Life and Medical Sciences 
Kyoto University 
53 Shogoin Kawaracho 
Sakyo-ku 
Kyoto 
Japan 
furusey.kyoto@gmail.com

Acknowledgements: We thank all the staff of the domestic and international organizations who fought against this 
outbreak, including those at the various health care facilities, Lassa fever diagnostic laboratories, Nigeria Centre for 
Disease Control, World Health Organization, African Field Epidemiology Network, Public Health England, eHealth 
Africa, Pro Health International, University of Maryland Baltimore, US Centers for Disease Control and Prevention, 
Alliance for International Medical Action, Médecins Sans Frontières, and numerous other partners. We also express 
our sincerest condolences to the families and friends of those who died during the outbreak.

Funding: This work was partially supported by the Leading Initiative for Excellent Young Researchers [16809810] 
from the Ministry of Education, Culture, Sports, Science and Technology in Japan. The funder had no role in study 
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Authorship contributions: All authors conceptualized the study. OI, YF, and TdG wrote the first draft. All authors 
reviewed and finalized the manuscript.

Competing interests: The authors completed the ICMJE Unified Competing Interest form (available upon request 
from the corresponding author) and declare no conflicts of interest.

R
E

FE
R

E
N

C
E

S

1  Ilori EA, Furuse Y, Ipadeola OB, Dan-Nwafor CC, Abubakar A, Womi-Eteng OE, et al. Epidemiologic and clinical features 
of lassa fever outbreak in Nigeria, january 1-may 6, 2018. Emerg Infect Dis. 2019;25:1066-74. Medline:31107222 
doi:10.3201/eid2506.181035

2  Dan-Nwafor CC, Furuse Y, Ilori EA, Ipadeola O, Akabike KO, Ahumibe A, et al. Measures to control protracted large Las-
sa fever outbreak in Nigeria, 1 January to 28 April 2019. Euro Surveill. 2019;24.

3  World Health Organization. International Health Regulations, Third Edition. 2005. Available: https://apps.who.int/iris/
bitstream/handle/10665/246107/9789241580496-eng.pdf;jsessionid=7AD9710AEB4529F3302D0E8B18C21D3D?se-
quence=1. Accessed: 4 May 2019.

4  Najera JA, Kouznetzsov RL, Delacollette C. Malaria epidemics, detection and control, forecasting and prevention. Malar 
epidemics Detect Control Forecast Prev. Geneva: World Health Organization; 1998.

5  Nigeria Centre for Disease Control. National Guidelines for Lassa Fever Case Management. 2018. Available: https://ncdc.
gov.ng/themes/common/docs/protocols/92_1547068532.pdf. Accessed: 25 March 2019.

phase started from week 3, and the emergency phase was declared over when there was no “emergency” 
in 4 consecutive weeks (week 22). The NCDC have used this approach to declare the emergency phase 
and its containment to change intensity of outbreak response. This kind of composite indicators consid-
ering various aspects of an outbreak could be useful to determine emergency phase not only for LF but 
also for other endemic diseases. Determination of emergency phase for outbreak response would enable 
us to effectively and efficiently allocate resources particularly in resource-limiting settings.
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