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SUMMARY

Influenza causes severe illness and deaths, and global surveillance systems use different clinical
case definitions to identify patients for diagnostic testing. We used data collected during January
2007-July 2010 at hospital-based influenza surveillance sites in western Kenya to calculate
sensitivity, specificity, positive predictive value, and negative predictive value for eight clinical
sign/symptom combinations in hospitalized patients with acute respiratory illnesses, including
severe acute respiratory illness (SARI) (persons aged 2—59 months: cough or difficulty breathing
with an elevated respiratory rate or a danger sign; persons aged >5 years: temperature > 38 °C,
difficulty breathing, and cough or sore throat) and influenza-like illness (ILI) (all ages:
temperature >38 °C and cough or sore throat). Overall, 4800 persons aged >2 months were
tested for influenza; 416 (9 %) had laboratory-confirmed influenza infections. The symptom
combination of cough with fever (subjective or measured >38 °C) had high sensitivity [87-0 %,
95 % confidence interval (CI) 83-3-88-9], and ILI had high specificity (70-0 %, 95% CI 68-6—71-3).
The case definition combining cough and any fever is a simple, sensitive case definition for
influenza in hospitalized persons of all age groups, whereas the ILI case definition is the most
specific. The SARI case definition did not maximize sensitivity or specificity.

Key words: Influenza, predictive value of tests, respiratory infections, sensitivity and specificity,
surveillance.

INTRODUCTION 111500 deaths worldwide annually in children aged
<5 years [1]. Although influenza epidemiology is
well-established in temperate, high- or moderate-
income countries, it is less well-characterized in tropic,

low-income countries, where the burden of seasonal

Seasonal influenza virus infections cause 1-2 million
cases of severe illness and approximately 28000—
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and pandemic influenza might be greatest [2]. Because
of pandemic preparedness measures prompted by
concern regarding avian influenza (H5N1), diagnostic
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capacity for influenza viruses has increased substan-
tially in Africa and other low-income countries during
recent years, allowing for improved surveillance.

Surveillance objectives some influenza
surveillance systems focus on estimating disease
burden, and thus aim to maximize sensitivity. In other
surveillance systems with more limited resources,
the aim is to monitor influenza activity and collect
influenza virus isolates without concern for identify-
ing all influenza cases; in this context, a more specific
clinical definition allows testing of patients most likely
to have positive tests.

A proposed strategy to enhance and standardize
influenza surveillance worldwide uses a severe acute
respiratory illness (SARI) case definition for in-
patients and the World Health Organization’s (WHO)
influenza-like illness (ILI) case definition for out-
patients as a feasible way to monitor influenza activity
in resource-limited settings [3]. The SARI case defi-
nition has been adopted by the Pan American
Health Organization and the WHO European Region
[4, 5] and is comprised of the case definitions for
pneumonia and severe pneumonia described in the
WHO Integrated Management for Childhood Illness
(IMCI) guidelines for children aged 2-59 months [6]
and a slightly modified WHO ILI case definition
for persons aged =5 years, both with an additional
hospitalization requirement; however, neither of
these case definitions have been fully evaluated for
influenza surveillance in resource-limited settings.

There were four objectives of this study: (1) to
evaluate the SARI and ILI case definitions as influ-
enza surveillance tools in patients hospitalized with
acute respiratory illnesses (ARI); (2) to identify a
maximally sensitive combination of signs and symp-
toms in patients hospitalized with ARI; (3) to identify
a maximally specific combination of signs and symp-
toms in patients hospitalized with ARI; and (4) to
determine if testing for influenza viruses for up to
14 days after symptom onset is worthwhile.

vary;

MATERIALS AND METHODS
Surveillance sites and population

We used data from hospital-based surveillance sites
located in Bondo and Siaya districts in rural western
Kenya (Nyanza Province), bordering Lake Victoria.
All inpatient facilities in Bondo District conducted
surveillance for influenza as part of a population-
based study of hospitalized influenza-associated
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respiratory illness, and nearby Siaya District Hospital
has been part of the national sentinel surveillance
system for influenza. In 1999, Bondo and Siaya dis-
tricts had populations of 238 780 and 480 184 persons,
respectively [7]. The population is primarily low-
income and subsists on agriculture [8]. Malaria is
holoendemic and human immunodeficiency virus
(HIV) prevalence is 14-9 % [9].

Surveillance design

Surveillance for ARI was conducted at six Bondo
District inpatient hospitals during January 2007-June
2009, one Bondo District inpatient hospital during
January 2007-June 2010, and one Siaya District in-
patient hospital during August 2009—June 2010. The
facilities included government and non-government
hospitals. Trained surveillance officers, primarily
nurses, collected demographic and clinical infor-
mation from patients using structured questionnaires.
Data were entered on scannable forms (Cardiff
Teleforms™, Cardiff Software Inc., USA).

Case definitions

An ARI was defined as onset of at least one of the
following symptoms during the previous 14 days:
cough, difficulty breathing, sore throat, or chest pain.
The eight sign/symptom combinations evaluated
were: (1) a recently proposed SARI case definition [3];
(2) the WHO’s recommended case definition for ILI
[10] (Table 1); (3) cough; (4) cough and measured
fever =38 °C; (5) cough and any fever (reported or
measured >38 °C); (6) cough or difficulty breathing;
(7) cough or difficulty breathing and measured fever
>38 °C; and (8) cough or difficulty breathing and
any fever. All measured temperatures were axillary,
and, when relevant, oxygen saturation levels were
measured using fingertip pulse oximetry (Nonin
Medical, USA).

Specimen collection and laboratory testing

All patients hospitalized for an ARI were eligible for
influenza testing and had both nasopharyngeal (NP)
and oropharyngeal (OP) specimens collected for
influenza testing on the day of admission or the
Monday following admission, if still hospitalized,
when admission occurred on Saturday or Sunday.
These testing eligibility criteria were broader than all of
the cases definitions evaluated. NP and OP specimens
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Table 1. World Health Organization influenza-like illness (ILI) and severe
acute respiratory illness (SARI) case definitions, by age group

Case definition

Age group SARI

ILI

2-59 months

Cough or difficulty breathing

Cough or sore throat*

and at least one of the following: and

Unable to drink or breastfeed

Fever =38 °C

Vomiting everything consumed

Convulsions

Lethargic or unconscious
Chest indrawing or stridor in a

calm child

Elevated respiratory ratef

and

Hospitalization
=5 years

and

Fever >38 °C

and

Cough or sore throat

Cough or sore throat
and
Fever >38 °C

Shortness of breath or difficulty

breathing
and
Hospitalization

* Sore throat was not collected for 68 % of children aged 2-59 months, but was

collected for all adults.

1 Elevated respiratory rate is defined as >50 breaths/minute for children aged
2—-11 months and >40 breaths/minute for children aged 12—59 months [7].

were collected by trained nurses. The specimens were
put into the same tube and transported (at 2-8 °C) the
same day to the laboratory. Each specimen was div-
ided into four aliquots and stored at —70 °C <8 h
after collection. Specimens that could not be trans-
ported the same day were immediately stored in liquid
nitrogen tanks at — 70 °C and divided into aliquots at
the time of testing. Real-time reverse-transcriptase—
polymerase chain reaction (RT-PCR) for influenza
A(H3N2), seasonal A(HIN1), and B viruses was per-
formed at the Kenya Medical Research Institute/
Centers for Disease Control and Prevention labora-
tory in Nairobi throughout the study period. Testing
for pandemic A(HIN1) (pHINI) began in May 2009.
Cycle threshold (Cr) values were used to determine
sample positivity. Specimens giving Ct values <399
were considered positive for influenza virus, whereas
those with Ct values >39-9 or demonstrating no
reading were considered negative [11].

Data analysis

Comparisons between patients tested and untested for
influenza among those eligible were made using x>
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tests for categorical variables and Student’s ¢ tests for
continuous variables. Measures of sensitivity, speci-
ficity, positive predictive value (PPV), negative pre-
dictive value (NPV), and 95% confidence intervals
(95% CI) were calculated for the SARI and ILI case
definitions and six other sign/symptom combinations
against laboratory-confirmed influenza infection. y*
tests were performed to compare sensitivities and
specificities. The SARI and ILI case definitions
were analysed as met or unmet, and the other sign/
symptom combinations were analysed as present or
absent. Data were analysed throughout the entire
surveillance period (January 2007-June 2010) and
were also restricted to months when >10% of spe-
cimens tested positive for influenza viruses.
Additionally, to determine if differences existed in
the sensitivity, specificity, PPV, and NPV of the case
definitions during periods when only seasonal influ-
enza was circulating, compared to periods when
pHINI1 was circulating, the surveillance period was
divided into two periods: (1) pre-pandemic, which
consisted of the period before isolation of the first
pHINT1 virus in Kenya (January 2007-June 2009),
and (2) pandemic, which consisted of the months after
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the first isolation of pHINI in which >50% of the
subtyped influenza A viruses were pHIN1 (October
2009—February 2010, April 2010, July 2010). Months
in which pH1NI1 was circulating but was not the pre-
dominant influenza A subtype were excluded from
this part of the analysis (July 2009—September 2009,
March 2010, May 2010—June 2010). We also calcu-
lated the sensitivity, specificity, PPV, and NPV of the
case definitions and sign/symptom combinations
stratified by malaria smear status (positive or nega-
tive) to assess the impact malaria might have on our
estimates.

Cumulative sensitivity of each case definition was
also calculated for different symptom durations (days
1-14 after symptom onset). Symptom duration was
defined as the number of days from the earliest onset
of cough, fever, or diarrhoea to specimen collection.
All analyses were performed by using SAS version 9.2
(SAS Institute Inc., USA).

Ethical considerations

Surveillance for influenza at all eight sites was ap-
proved by the Kenya Medical Research Institute
(KEMRI) Ethical Review Committee and Scientific
Steering Committee (SSC) and the Centers for
Disease Control and Prevention’s Institutional
Review Board (CDC IRB) (KEMRI SSC No. 1147
and CDC IRB No. 3308.0 for the six Bondo District
hospitals; KEMRI SSC No. 1899 and CDC IRB No.
4566 for Lwak Mission Hospital; and KEMRI SSC
No. 1801 and CDC IRB No. 3308 for Siaya District
Hospital). Written informed consent was obtained
from all participants, parents, or legally authorized
representatives.

RESULTS

A total of 7857 persons aged =2 months were hospi-
talized with an ARI characterized by cough, difficulty
breathing, sore throat, or chest pain at the eight sur-
veillance sites during the study period; 4800 (61 %)
had influenza laboratory results available, and 416
(9%) had laboratory-confirmed influenza infections.
Of the 3057 patients without laboratory results avail-
able, 211 (7 %) refused testing; 61 (2 %) had indeter-
minate results; 16 (1 %) had missing results; and 2769
(90%) did not have specimens collected. Patients ad-
mitted on Saturday and Sunday, days when swabs
were not collected, comprised 606 (21%) of those
untested, compared to 18 % of those tested (P <0-01).
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No additional information indicative of why these
patients were untested was available for the remainder
of patients, who were only captured by the clinical
component of the surveillance system. Two-thirds of
those tested for influenza were aged 2—59 months, and
approximately equal numbers of males and females
were included. About one-third of the influenza spe-
cimens were collected at Siaya District Hospital
(Table 2). Age and sex distributions were similar
between those tested and untested for influenza
(Table 3). Three percent of persons tested for influ-
enza died from their illness, compared to 5% of
those who were untested (P <0-01). Of those tested
for influenza who had oxygen saturation level data
available (n=4222), 11% had oxygen saturation
levels <90%, compared to 6% of those untested
(n=2583) (P<0-01).

Sensitivity was >80% overall and in both age
groups for 4/8 case definitions and sign/symptom
combinations investigated (Table 4). Cough or diffi-
culty breathing had the highest sensitivity overall for
laboratory-confirmed influenza infection (99-8 %),
followed by cough alone (94:7 %), cough or difficulty
breathing and any fever (subjective or measured
=38 °C) (91:3%), and cough and any fever (87-0%)
(P<0-01 for all comparisons except between cough
alone and cough or difficulty breathing and any fever,
P=0-06). While the SARI case definition had 71-1 %
sensitivity for laboratory-confirmed influenza infec-
tion in children aged 2-59 months, it was only 13-2 %
in hospitalized persons aged >5 years. PPV was low
for all sign/symptom combinations evaluated over all
ages, ranging from 66 % for SARI to 9-0 % for cough
alone, and cough and any fever. ILI, cough and
measured fever >38°C, and cough or difficulty
breathing and measured fever >38 °C had the lowest
sensitivities, 26'9 %, 26-7 %, and 28-6 %, respectively
(P>0-05 for all comparisons); however, they also
had the highest specificities for laboratory-confirmed
influenza infection, 70-0%, 70-4%, and 68-1%, re-
spectively (P>0-05 for all comparisons). The SARI
case definition also had a high specificity in the
=5 years age group (85:5%) but not in children
aged 2-59 months (21-4%). Specificity and PPV for
laboratory-confirmed influenza were approximately
5-10% lower in malaria smear-positive patients
compared to malaria smear-negative patients for the
case definitions and sign/symptom combinations that
included subjective or measured fever.

When the analysis period was restricted to months
when > 10 % of specimens were positive for influenza,
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Table 2. Demographic characteristics of hospitalized patients tested for influenza infections, western Kenya,
January 2007-July 2010

Total Influenza Influenza positive
tested, negative,
Patient characteristic N (%) total (%) Total (%) A (%) B (%) A and B (%)
Age
2-59 months 3116 (65) 2905 (93) 211 (7) 180 (6) 30 (1) 1 (0)
=5 years 1684 (35) 1479 (88) 205 (12) 159 (9) 43 (3) 3(0)
Sex
Male 2341 (49) 2151 (92) 190 (8) 157 (7) 31 (D) 2 (0)
Female 2458 (51) 2233 (91) 225 (9) 181 (7) 42 (2) 2 (0)
Unknown 1 (0) 1 (100) 1 (100) 1 (100) 0 (0) 0 (0)
Surveillance site
Abidha Health Centre 419 (9) 393 (94) 26 (6) 20 (5) 4(1) 2 (0)
Bondo District Hospital 726 (15) 681 (94) 45 (6) 40 (5) 5(1) 0(0)
Got Agulu Health Centre 441 (9) 361 (82) 80 (18) 64 (15) 15(3) 1 (0)
Lwak Mission Hospital 826 (17) 757 (92) 69 (8) 54 (6) 14 (2) 1 (0)
Madiany Sub-District Hospital 380 (8) 332 (87) 48 (13) 41 (11) 7(2) 0(0)
Matangwe Community Health Centre 200 (4) 186 (93) 14 (7) 13 (7) 1 (0) 0(0)
Siaya District Hospital 1672 (35) 1550 (93) 122 (7) 95 (6) 27 (1) 0 (0)
Nyangoma Mission Hospital 136 (3) 124 (91) 12 (9) 12 (9) 0(0) 0(0)
Total 4800 (100) 4384 (91) 416 (9) 339 (7) 73 (2) 4(0)

Table 3. Comparison of demographic and illness
severity characteristics in patients hospitalized with a
respiratory infection tested for influenza and patients
hospitalized with a respiratory infection untested for

influenza, western Kenya, January 2007-July 2010

Tested* Untested* P value
Patient characteristics
Age (n=4800) (n=3057)
2-59 months 3116 (65) 1945 (64) 0-24
=5 years 1684 (35) 1112 (36)
Mean age (yr) 12:0 12:4 0-45
Sex (n=4799) (n=3052)
Male 2341 (49) 1438 (47) 0-15
Female 2458 (51) 1614 (53)
Illness severity
Death (n=4577) (n=2907)
Discharged dead 139 (3) 135 (5) <0-01
Discharged alive 4438 (97) 2799 (95)
Oxygen saturation (n=4222) (n=2583)
<90% 454 (11) 154 (6) <0-01
=90% 3768 (89) 2429 (94)
Mean 94-3 95-8 <001

* Number (%) for categorical variables and mean for
continuous variables.

the sensitivity and specificity patterns were similar
and improvement in PPV was limited. The sensitivity
of the SARI case definition during the pandemic
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period was significantly higher than during the pre-
pandemic period in children aged 2-59 months and
for all ages combined (P <0-01); however, no other
significant differences between the two periods were
identified (Table 5). PPV was higher during the
pandemic period for SARI, ILI, and the other
sign/symptom combinations assessed, probably as a
consequence of higher influenza prevalence during
this period.

Sensitivity of the case definitions and of the sign/
symptom combinations for laboratory-confirmed in-
fluenza infection increased sharply from days 1 to 7
after symptom onset; 90 % of all influenza tests were
performed during this period. Trends in sensitivity
persisted during days 814 after symptom onset, but
were less pronounced. Overall, sensitivity of the SARI
case definition increased from 3% on day 1 to 39%
by day 7 after symptom onset and to 43 % by day 14
after symptom onset (Fig. 1a). Sensitivity of the
symptom combination of cough and any fever in-
creased from 3% on day 1 to 78% by day 7 after
symptom onset and to 87 % by day 14 after symptom
onset (Fig. 1b). Although the relative gains in sensi-
tivity decreased for days 8—14 after symptom onset,
the percentage of specimens testing positive for influ-
enza infections was similar during both periods
(days 1-7 after symptom onset: 87 %, n=4285; days
8-14 after symptom onset: 8-4%, n=515; P=0-79).
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Table 4. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of evaluated selected signs, symptoms, and combinations of

signs and symptoms for laboratory-confirmed influenza infection, western Kenya, January 2007—-July 2010

Case definition

Total
admitted

Sensitivity
% (95% CI)

Specificity
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

All ages
SARI
ILI
Cough
Cough and measured fever >38 °C
Cough and any fever*
Cough or difficulty breathing
Cough or difficulty breathing and measured
fever =38 °C
Cough or difficulty breathing and any fever*

2-59 months
SARI
ILI
Cough
Cough and measured fever >38 °C
Cough and any fever*
Cough or difficulty breathing
Cough or difficulty breathing and measured
fever =38 °C
Cough or difficulty breathing and any fever*

=5 years
SARI
ILI
Cough
Cough and measured fever >38 °C
Cough and any fever*
Cough or difficulty breathing
Cough or difficulty breathing and measured
fever =38 °C
Cough or difficulty breathing and any fever*

2674
1429
4401
1410
4003
4768
1516

4353

2432

957
2904

955
2712
3113
1034

2915

242
472
1497
455
1291
1655
482

1438

425 (37-8-47-5)
269 (22:8-31-5)
94-7 (92-0-96-6)
267 (22:5-31-3)
870 (83-3-88-9)
99-8 (98-5-100-0)
286 (244-33-3)

91-3 (88-1-93-8)

711 (64-4-77-0)
29-4 (23-4-36-1)
94-3 (90-0-969)
29-4 (23-4-36°1)
89-6 (84-4-93-2)

100-0 (97-8-100-0)

318 (25:6-38-6)
94-8 (90-6-97-2)

13-2 (9-0-18-8)
24-4 (18-8-31-0)
95-1 (91-0-97-5)
239 (18-4-30-4)
84-4 (78-5-88-9)
99-5 (96-9-100-0)
254 (19-7-32-0)

87-8 (82:3-91-8)

43-0 (41-6-44-5)
700 (68-6-71-3)
86 (7-8-9-5)
70-4 (69-0-71-7)
16:9 (15-8-181)
0-7 (0-5-1-0)
68-1 (66-7-69-8)

9:3 (8-5-10-2)

21-4 (20-0-23-0)
69-2 (67-5-70-9)
69 (6:0-79)
69-3 (67-5-71-0)
13-1 (11:9-14-4)
0-1 (0-0-0-3)
667 (65-0-68-4)

65 (5:6-7-4)

855 (83-5-87-2)
71-5 (69-1-737)
12:0 (10-4-13-8)
725 (70-2-74-8)
24-4 (222-26-6)
1-9 (1-3-2-8)
70-8 (68-4-73-1)

14-8 (13-1-16-8)

66 (5:7-7-6)
7-8 (6:5-9-4)
9:0 (8:1-9-8)
79 (6:5-9-4)
9:0 (8:2-10-0)
87 (7:9-9-5)
78 (6:6-9-3)

87 (7-9-9-6)

62 (53-72)
6'5 (5:0-8-3)
69 (6:0-7-8)
65 (5-1-8-3)
70 (6:1-8-0)
68 (59-7-7)
65 (5:1-8-2)

69 (6:0-7-9)

11-2 (7:6-16:0)
10-6 (8:0-13-8)
13-0 (11-4-14-9)
10-8 (8-1-14-1)
13-4 (11-6-15-4)
12-3 (10-8-14-0)
10-8 (8-2-14-0)

125 (10-9-14-4)

88-8 (87-3-90-1)
910 (90-0-91-9)
945 (91-6-96-4)
91:0 (90-0-91-9)
93-2 (91-2-94-8)
969 (82:0-99-8)
909 (89:9-91-9)

91-9 (88-8-94-2)

91-1 (88:6-93-1)
93-1 (91:9-94-1)
94-3 (90-1-96-9)
93-1 (91:9-94-1)
945 (91-7-965)

100-0 (31-:0-100-0)

93-1 (91-9-94-1)
94-5 (90-1-97-1)

877 (85-8-89-3)
87-2 (85:2-89-0)
94-7 (90-1-97-3)
873 (85:3-89-1)
91-8 (88-6-94-3)
96-6 (80-4-99-8)
87-2 (85-2-89-0)

89-8 (85:1-93-1)

SARI, Severe acute respiratory illness; ILI, influenza-like illness; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.

* Either a subjective or measured fever >38 °C.
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Table 5. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of evaluated case definitions for laboratory-confirmed
influenza infection, pre-pandemic® and pandemict influenza A(HIN1) periods, western Kenya, January 2007—-July 2010

Pre-pandemic period

Pandemic period

Total Sensitivity Specificity PPV NPV Total Sensitivity Specificity PPV NPV
Case definition admitted (%) (%) (%) (%) admitted (%) (%) (%) (%)
All ages
SARI 1336 336 50-1 63 883 755 537 32-8 7-7 87-2
ILI 881 236 672 67 89-8 294 315 749 116 91-3
Cough 2547 93-6 77 92 92-4 1040 94-4 9-5 9-8 94-3
Cough and measured fever >38 °C 866 232 67-8 67 89-8 292 31-5 751 11-6 913
Cough and any fever] 2358 87-2 14-6 9-2 92-0 919 84-3 20-1 99 92-4
Cough or difficulty breathing 2736 99-6 0-8 9-1 95-2 1138 100-0 07 9-5 100-0
Cough or difficulty breathing and measured 922 252 657 68 89-8 326 34-3 72-1 11-3 913
fever =38 °C
Cough or difficulty breathing and any fevery 2537 92:4 80 9-1 91-3 1013 889 11-4 9-5 90-8
2-59 months
SARI 1130 587 30-1 57 91-1 738 83-1 11-7 7-3 89-2
ILI 530 239 669 49 92:5 236 354 72-5 9-7 93-0
Cough 1543 91-7 53 6'5 90-0 765 95-4 93 81 960
Cough and measured fever >38 °C 528 239 67-1 49 92-5 236 354 725 97 93-0
Cough and any fever} 1444 872 11-5 66 92:6 713 89-2 154 81 94-4
Cough or difficulty breathing 1630 100-0 0-2 67 100-0 840 100-0 0-0 7-7 UD
Cough or difficulty breathing and measured 563 266 65-0 52 925 267 385 68-8 9-4 93-0
fever =38 °C
Cough or difficulty breathing and any feverj 1526 94-5 66 67 94-4 787 93-8 61 7-8 922
=5 years
SARI 206 142 811 97 86-8 17 93 95-0 235 865
ILI 351 23-4 67-7 9-4 86-0 58 256 821 19-0 87-0
Cough 1004 95-0 11-5 13-3 94-2 275 93-0 10-3 14-5 90-0
Cough and measured fever >38 °C 338 227 68-8 9-5 86-1 56 256 82-8 19-6 87-1
Cough and any fever] 914 87-2 19-5 13-5 91-4 206 767 34-0 160 899
Cough or difficulty breathing 1106 99-3 1-7 12-7 94-4 298 100-0 27 14-4 100-0
Cough or difficulty breathing and measured 359 24-1 669 9-5 86-0 59 27-9 820 203 873
fever =38 °C
Cough or difficulty breathing and any fever} 1011 90-8 10-1 12-7 88-4 226 814 271 15-5 89-9

ILI, Influenza-like illness; SARI, severe acute respiratory illness; PPV, positive predictive value; NPV, negative predictive value; UD, undefined.

* Period before isolation of the first pHIN1 virus in Kenya (January 2007—June 2009).

T Months after the first isolation of pHINI in which >50% of the subtyped influenza A viruses were pH1N1 (October 2009—February 2010, April 2010, and July 2010).

i Either a subjective or measured fever >38 °C.
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Fig. 1. [colour online]. Cumulative sensitivity and specificity of case definitions («, ¢) and sign/symptom combinations (b, d) for
laboratory-confirmed influenza infection by length of symptom duration, western Kenya, January 2007-July 2010.

Conversely, the specificity of the case definitions and
the sign/symptom combinations decreased most rap-
idly during days 1-7 after symptom onset. The rate of
decline in specificity decreased substantially during
days 8-14 after symptom onset relative to days 1-7
after symptom onset (Fig. 1¢, d).

DISCUSSION

Our analysis indicates that multiple sign/symptom
combinations involving cough, difficulty breathing,
and any fever (subjective or measured fever =38 °C)
maximized sensitivity in both children aged 2-59
months and persons aged =5 years. In contrast, the
ILI case definition and the sign/symptom combi-
nation of cough and measured fever >38 °C maxi-
mized specificity in both age groups. The goals of
the surveillance system will ultimately determine the
relative importance of sensitivity vs. specificity. If the
goal of the surveillance system is to identify all hos-
pitalized cases of influenza in order to estimate the
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total burden of influenza in hospitalized patients with
respiratory illnesses or in a specific population, then a
highly sensitive case definition is preferable. However,
if the goal of the surveillance system is to maximize
the yield of influenza isolates in hospitalized patients
with respiratory illnesses in a resource-limited setting
in order to monitor influenza activity at a minimal
level, a highly specific group of signs and symptoms is
preferable.

The combination of cough and any fever is highly
sensitive and requires less testing of samples, and thus
costs less, since fewer people meet this case definition
relative to the other three sign/symptom combi-
nations that had slightly higher sensitivity (cough
alone, cough or difficulty breathing, and cough or
difficulty breathing and any fever). In addition, the
combination of cough and any fever was more sensi-
tive for laboratory-confirmed influenza than both
SARI and ILI in both the 2-59 months and > 5 years
age groups. Of the children aged 2-59 months, the
SARI case definition requires the presence of an
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IMCI danger sign or elevated respiratory rate in ad-
dition to cough or difficulty breathing; however, the
original intent of the IMCI case definition was pneu-
monia diagnosis and case management, not influenza
surveillance [6]. While the use of a well-recognized
case definition seems like a logical first step for influ-
enza surveillance, our results indicate that it is not the
best case definition to use for this purpose. In persons
aged >S5 years, neither the SARI case definition nor
the ILI case definition performed well with respect to
sensitivity.

As a well-recognized case definition for influenza
surveillance, ILI might be the ideal choice for influ-
enza surveillance in hospitalized patients with ARI
for maximizing specificity; however, the inclusion of
sore throat has little impact since no significant dif-
ference was found between the specificities of ILI, and
cough and measured fever >38 °C. The specificity of
the SARI case definition in children aged 2-59
months was poor relative to ILI; however, SARI had
the highest specificity in persons aged >5 years.
Using the same case definition across all age groups
allows for the comparison of rates across age groups.
None of the case definitions or sign/symptom combi-
nations evaluated had high PPVs; thus, their utility
for healthcare providers for clinical case management
is limited.

Evaluations of the SARI case definition for lab-
oratory-confirmed influenza infections have been
conducted recently in Guatemala and Egypt [12, 13].
The overall sensitivity of the SARI case definition in
rural Kenya (42 %) falls between the reported sensi-
tivities in Guatemala (64%) and Egypt (30 %).
Similar to what was found in rural Kenya, the
Guatemala study found that the SARI case definition
had a higher sensitivity and lower specificity in chil-
dren aged <5 years compared to persons aged =5
years. Studies evaluating the ILI case definition have
found a wide range of sensitivities (43-73%) and
specificities (43-87 %); however, differences in study
designs, inclusion criteria, and study populations be-
tween these studies and ours make direct comparison
difficult [14-17]. Cough alone has routinely been
found to have relatively high sensitivity (69-98 %), as
it was in our study, but given that cough is a non-
specific symptom with respect to respiratory illness,
this is not surprising [14, 16-20]. Our analysis of sen-
sitivity by symptom duration demonstrated that the
largest gains in sensitivity are achieved during days
1-7 after symptom onset, with only limited gains
during days 8-14. However, we also determined that
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the percentage of specimens testing positive for influ-
enza was consistent between the two periods and that
only 10% of all persons meeting our testing criteria
who were tested had symptom duration of 8-14 days.
Therefore, testing for influenza throughout the 14-day
period after symptom onset can provide additional
sensitivity to the surveillance system without a loss in
the proportion of influenza positivity or substantial
increases in testing. However, these gains in sensitivity
are relatively minor.

Our analysis had certain limitations. A substantial
percentage of inpatients meeting the influenza testing
criteria were not tested for influenza. Although we did
not identify differences in demographic characteristics
between those tested and untested, we did find limited
but statistically significant differences in the percent-
age of deaths and the percentage of patients with
oxygen saturation levels <90 % in the tested and un-
tested groups. However, because the absolute differ-
ences were <7 % for all comparisons and our sample
size was large, giving us the power to detect minor
differences, our estimates probably would not have
changed substantially had everyone been tested. This
study was conducted within a relatively homo-
geneous, hospitalized population in rural western
Kenya, an area with a high rate of malaria and a high
prevalence of HIV; thus, the results might not be
generalizable to outpatients, urban areas, other hos-
pitals where admitting practices vary, or regions with
a lower burden of malaria and HIV [21]. We were
unable to assess differences in sensitivity, specificity,
PPV, and NPV between HIV-positive and HIV-
negative individuals because this information was not
available in the surveillance system. Finally, RT-PCR
was the only influenza testing mechanism used in our
surveillance system, and axillary temperatures were
used in every healthcare facility. Sensitivities could
vary in surveillance systems or studies where other
tests (e.g. culture and serology) and other temperature
sites are used.

In conclusion, if the surveillance goals are to de-
termine disease burden and thus maximize sensitivity,
the combination of cough and any fever (subjective or
measured fever > 38 °C) can provide a simple, sensi-
tive case definition for surveillance for hospitalized
laboratory-confirmed influenza for all age groups.
However, using a maximally sensitive case definition
would require large resources because of the large
number of specimens collected and tested; however,
developing a sampling scheme for specimen testing
could alleviate some of the resource burden while still
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providing a representative and highly sensitive case
definition. In resource-limited settings where a pri-
ority might be to ensure identification of a minimum
number of positive specimens, the ILI case definition
is well-recognized and maximizes specificity for all
age groups. Surveillance systems that have mixed ob-
jectives could choose a case definition that provides
more of a balance between sensitivity and specificity.
Given funding availability, continuing testing for in-
fluenza up to day 14 after symptom onset can provide
additional gains in sensitivity without a reduction in
specimen positivity.
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