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ABSTRACT

Aims: Acute respiratory tract infections are among the most common causes of morbidity and
mortality worldwide and rank second among the top causes of health facility attendance in Ghana.
A well-positioned case detection system can efficiently identify respiratory illnesses and detect
influenza outbreaks early. This study determined clinical signs and symptoms most predictive of
confirmed influenza infection among Influenza-Like lliness (ILI) patients.

Study Design: A cross-sectional study was conducted.

Place and Duration of Study: A data repository of case-based records from the regional sentinel
sites available at the Disease Surveillance Department of the Ghana Health Service for the period
of January to December 2011 was used as secondary data. The dataset was first accessed in
October 2016.

Methods: A cross-sectional study was conducted with 2,089 anonymized case-based records. The
associations between the combinations of fever and cough together with other signs and symptoms
of an influenza positive infection were explored. Frequencies, sensitivity, specificity, positive
predictive value, negative predictive value, and odds ratio were computed using Epi Info 7.0 (CDC,
Atlanta, GA).

Results: The median age was 22 years (IQR: 6.5 to 37 years). Twenty-one percent were children
under 5 years. Females formed 1,190 (57%) of the total patients studied. Fever and cough together
with a sore throat had the highest significant association (ORa: 1.52; 95%Cl: 1.15 - 2.02) with a
positive influenza laboratory results in the adjusted analysis.

Conclusion: The case definition for Influenza-Like lliness (ILI) was loosely applied considering the
variation between the frequencies of patients with fever or a cough. Since an ILI case definition
encourages the inclusion of other respiratory signs, observations from this study suggest the
inclusion of a sore throat, together with fever and cough as the best predictor of an influenza
infection.

*Corresponding author: Email: michael.adjabeng@ghsmail.org;




Keywords: Influenza; risk factors; surveillance; sensitivity.

1. INTRODUCTION

Acute respiratory tract infections are among the
most common causes of morbidity and mortality
worldwide. Influenza and respiratory syncytial
virus (RSV) account for the top causes of
respiratory infections and respiratory-related
hospitalizations among children and the aged [1].
It is estimated that 20% of children and 5% of
adults are annually infected with influenza
infections [2]. Various studies have shown that
mortality associated with influenza infections
varies by age, virus type, and subtype [3,4]. In
seasonal influenza epidemics, 5-15% of the
population suffer from upper respiratory tract
infections. Although most cases are mild, these
annual epidemics cause severe illness in 3-5
million people and 250,000 — 500,000 deaths
worldwide [5]. There is a paucity of data on the
impact of influenza in the developing world.
However, it is known that influenza transmission
occurs year-round in the tropics and they tend to
present with high attack and case-fatality rates
[6]. Poor surveillance or a weak influenza
detection system could lead to the late detection
of novel viruses or outbreaks [7].

Gavin and Thomson demonstrated that during
influenza seasons, acute onset of fever and
cough can be highly predictive of influenza (PPV
79-87%; NPV 39-75%) [8]. Due to the
uncertainties surrounding the use of only clinical
definitions for the diagnosis of influenza, it is
important to  integrate  virological and
epidemiological surveillance for the data to be
most useful for executing health interventions [9].
A prospective study was conducted over two
influenza seasons in Taiwan among outpatients
with acute respiratory tract infections. A total of
71 (45%) patients had confirmed influenza from
the 158 patients identified. A cough, fever,
sneezing, nasal congestion and rhinorrhoea,
were significant predictors of influenza infection.
Fever and cough showed the best sensitivity
(86%; 95%Cl: 76%—93%) whereas fever and
cough together with sneezing had the best
specificity (77%; 95% Cl: 62%—88%)[10].

In Slovenia, clinical data from two influenza
seasons indicated a total of 211 (16.4%) of the
1,286 patients had confirmed influenza
infection. It had a better predictive model for
children under 15 years for confirmed influenza:
fever (238°C), headache, cough, and absence
of abnormal breathing sounds. These predictors
together had a sensitivity, specificity, positive
predictive value and negative predictive value

being 5.1%, 98.1%, 57.1% and 80.1%

respectively [11].

Data collected from a hospital-based influenza
sentinel site in Kenya from the period of January
2007 to July 2010 had 4,800 patients above 2
months with respiratory signs and symptoms, out
of which 416 (9%) tested positive for influenza.
The symptom combination of a cough with fever
(history or measured >38 °C) had a sensitivity of
87:0% (95% CI: 83-3-88-9).

As part of the response to the Avian Influenza
and the threat of a novel virus transmission to
humans, the Ghana Health Service and the
National Influenza Centre (hosted by the Noguchi
Memorial Institute for Medical Research,
University of Ghana) established sentinel
surveillance sites in Greater Accra, Volta and the
Brong Ahafo regions of Ghana, where the Highly
Pathogenic Avian Influenza H5N1 virus had been
detected in poultry. This was later scaled-up to
cover all the 10 regional administrative capitals
during the 2009 influenza A H1N1 pandemic.
The main purpose of the sentinel surveillance
system is to detect predominant circulating
influenza viruses in the country at any period.
This sentinel surveillance for influenza viruses is
also utilizing the main Integrated Disease
Surveillance and Response (IDSR) approach to
disease surveillance in Ghana.

Influenza-Like lliness together with other Acute
Respiratory Infections ranks second among the
top causes of morbidity for hospital attendances
in Ghana. Identifying predominant circulating
influenza viruses contributing to the burden of
Acute Respiratory Infections should be an
objective of every disease surveillance system in
especially developing countries. Case detection
forms the trigger for the chain of activities or
public health response measures within a
disease surveillance system.

When clinicians have information that will
increase their index of suspicion to detect
positive influenza infections among respiratory
illness patients, it will go a long way in the early
detection of a cluster of influenza cases or
outbreaks. It is envisaged that prescribers will be
motivated by an evidence-based relative high
sensitive and specific surveillance case definition
and apply accordingly. This will go a long way to
increase the case detection rate of influenza-
related suspected infections.



With limited available data on sensitivity,
specificity and predictive values of the various
signs and symptoms in Sub-Saharan Africa
including Ghana, we proceeded to determine
clinical signs and symptoms most predictive of
confirmed influenza infection among ILI patients.

2. MATERIALS AND METHODS

A cross-sectional study was conducted with
2,089 anonymized case-based records from the
regional sentinel sites already available at the
Disease Surveillance Department of the Ghana
Health Service for the period of January to
December 2011. The dataset was accessed in
2016. This dataset was used because of the
relative level of completeness of variables. Key
demographic variables obtained from the
database were sex and age. Clinical signs and
symptoms related variables were fever, cough,
sore throat, coryza, myalgia, and headache. The
date of onset of symptoms, date of specimen
collection, date specimen dispatched and
laboratory results were the other variables
present. Laboratory  investigations  were
conducted at the Noguchi Memorial Institute for
Medical Research which is a WHO-accredited
institution.

For uniformity in clinical detection of Influenza-
Like llinesses (ILI) within the surveillance system,
a standard case definition was used to detect
new cases for sample collection and laboratory
investigations. The case definition provided for
use was the presence of fever (measured
>37.5°C or history of fever) and cough; with one
or more other signs and symptoms such as a
headache, coryza, myalgia, and sore-throat with
onset within the last 7 days [12].

Whereas some studies evaluated different case
definitions in relation to influenza positive
infection, this study evaluated the relationship
between any of the signs and symptoms
presented as part of the case definition for ILI
and a positive laboratory result for influenza virus
by use of real-time Reverse Transcription-
Polymerase Chain Reaction (RRT- PCR) [13,14].
The two conditional si%ns in the case definition,
fever (measured 237.5°C or history of fever) and
cough, were recombined with the other signs and
symptoms; a sore throat, coryza, myalgia, and
headache. The proportions of the various signs
and symptoms were computed. Furthermore, the
sensitivity, specificity, positive predictive value,
negative predictive value, and odds ratio were
computed with a 95% confidence interval using
Epi Info 7.0 (CDC, Atlanta, GA). A significance
threshold for a p-value was set at .05 in

describing a relationship between a predictor and
a positive influenza virus infection.

Oropharyngeal swabs were taken from all the
2,089 patients that met the definition for an ILI
patient. Samples were put in specimen carriers
with ice packs by trained personnel with triple
packaging and then shipped to the laboratory. In
some situations where specimens could not be
shipped immediately within 48 hours, they were
stored in liquid nitrogen tanks till shipment was
ready. ILI samples were investigated in the
laboratory for influenza viruses. No further
laboratory investigations were carried out,
irrespective of the primary test outcome being
influenza positive or influenza negative according
to the protocol used.

The period between sample collection and arrival
in the Ilaboratory was evaluated for any
association with a confirmed influenza virus. This
was categorized into less than 2 days, 2 to 4
days, 5 to 7 days and more than one week. This
was largely informed by completion of case-
based forms and collected samples reaching the
laboratory within 48 hours as per operating
procedures for priority conditions but other
categories were more arbitrarily done.

We tested the hypothesis that signs and
symptoms were predictive for confirmed
influenza infection at 95% confidence interval.
The comparative groups of interest were
Influenza-positive ILIs and Influenza-negative
ILIs. The combinations of signs and symptoms
that had significant associations with influenza
positive infection were all fed into an adjusted
model.

3. RESULTS AND DISCUSSION

Among 2,089 ILI patients, 2,072 (99.2%) had a
date of birth or age recorded. A total of 1,062
(51.3%) cases were within the age-group of 15 to
49 years. The median age was 22 years (IQR 6.5
to 37 years). Twenty-one percent were children
under 5 years (Fig. 1.). Females formed 1,190
(57%) of the total patients studied.
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Fig. 1. Age (years) distribution of ILI cases in
2011

The 1,798 (86.1%) ILI cases who had their date
of onset indicated were investigated for monthly
trends. Influenza-like illness cases peaked
in June to July and later saw a gradual decline till
December 2011. Of interest was the relatively
high percentage of positive rates in the first half
of the year and the peak of ILI cases
in November which was not accompanied with
a rise in the proportion of positive cases (Fig. 2.).

One Thousand Nine Hundred and Fifty-Five
(93.6%) of the samples arrived in the laboratory
within 7 days. Of the total 134 samples received
beyond 1 week, 115 (85.8%) were from
institutions outside the Greater Accra Region,
where the NIC is located. The odds of having
an influenza positive test (using real-time RT-
PCR) were not associated with the time between
sample collection to arrival in the laboratory
(Table 1).
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Fig. 2. Monthly onset of ILI cases and proportion of influenza positives, 2011
Table 1. Logistic regression on laboratory results for period between sample collection and
arrival in the laboratory

Period Freq % OR P-value
Less than 2 days 1,256 60.1 1.00 -

2 to 4 days 482 23.1 0.90 (0.68, 1.19) 0.48
5to 7 days 217 10.4 0.94 (0.64, 1.38) 0.76

> 1 week 134 6.4 0.99 (0.61, 1.59) 0.96




Proportion of Signs and Symptoms of Suspected
Influenza Cases
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Fig. 3. Proportion of Signs and Symptoms of Suspected Influenza Cases (N=2,089)

Out of the 2,089 observed, 87.9% (95%Cl:
86.4% - 89.2%) of cases had cough as part of
presentation of signs and symptoms compared
with 67.7% (95%Cl: 65.0% - 69.0%) being
proportion with fever. This is a clear indication
that fever and cough were not used as a
conditional sign and symptom during screening
of patients for influenza-like illnesses (above
Fig. 3.).

Three hundred and forty-eight (16.6%) out of the
2,089 cases were laboratory-confirmed for
influenza virus infection by real-time reverse
transcription—polymerase chain reaction (RT-
PCR). The positive results had the following
distribution; Seasonal Influenza A(H3N2) - 41
(11.8%), Influenza B - 184 (52.9%) and
Influenza A (H1N1)pdmO09 — 123 (35.3%).

Considering the various signs and symptoms
independently, cough showed a sensitivity of
93.7% (95%Cl: 90.4% - 95.9%), which was
higher than that of fever (74.1%); 95%CI: 69.1% -
78.5%) and headache (12.1%; 95%Cl: 8.9% -
16.0%). The sensitivity of headache was
significantly associated with a positive influenza
infection but unlike fever and cough, the odds
ratio (OR: 0.6, 95%Cl: 0.42 — 0.85) was not

clinically plausible. Cough had a lower specificity
(13.3%; 95%Cl: 11.7% - 14.9%) than fever
(33.3%; 95%Cl: 31.3% - 35.8%).

Fever/cough alone had a significant high
sensitivity (69.0%; 95%Cl: 64.0% - 74.0%) and
specificity (42.0%: 95%Cl: 40.6% - 45.3%)
values. Patients with fever/cough alone had the
highest negative predictive value (87.4%; 95%Cl:
85.0% - 89.5%).

Looking at the combination of fever/cough, which
is conditional as per case definition, with other
signs and symptoms, only that of a sore throat
was significantly associated with a positive
influenza laboratory result. It had a sensitivity
of 34.2% (95%Cl: 29.2 — 39.4) and specificity
of 77.7%. A sore throat together with fever/cough
had the highest negative predictive value
of 85.5% (Table 2.).

All the significant associations of the various
signs and symptoms with positive influenza
virus infection were fed into a logistic regression
model. The adjusted Odds Ratio of fever/cough
was 140 (95%Cl: 1.06, 1.86). That for
fever/cough/sore throat was 1.52 (1.15, 2.02)
in the presence of fever/cough alone (Table 3.).



Table 2. Fever and Cough in combination with other signs and symptoms

Signs & Symptoms Freq (%) Odds Ratio Sensitivity Specificity PPV NPV P-value *
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)

Fever, Cough 1,234 (59.0) 1.69(1.32,2.17) 69.2(64.0, 74.0) 42.9(40.6,45.3) 19.5(17.3,21.8) 87.4(85.0,89.5) P <.001
Fever, cough & headache 172 (8.2) 1.01(0.71, 1.43) 8.3(5.7,11.8) 91.8 (90.3,93.0) 16.8(11.7,23.4) 83.4(83.3,81.5) P=.94
Fever, cough & coryza 90 (4.3) 0.54 (0.27,1.09) 2.6(1.2,5.0) 95.3 (94.2,96.2) 10.0 (4.9, 18.5) 83.0(81.3,84.6) P =.08
Fever, cough & Myalgia 12 (0.6) 2.51(0.75,8.41) 1.1(0.3,3.1) 99.5 (99.0,99.7) 33.3(11.2,64.5) 83.4(81.7,84.9) P=.12
Fever, cough & Sore throat 506 (24.2) 1.18 (1.42,2.33) 34.2(29.2,39.4) 77.7(75.7,79.6) 23.5(19.9,27.5) 85.5(83.6,87.2) P <.001
Fever, cough, Sore throat & 6 (0.29) 5.03 (1.01,25.06) 0.8 (0.2, 2.6) 99.8 (99.4,99.9) 50 (13.9,86.0) 86.3 (81.6,84.9) P =.06

Myalgia

(F)

* - chi-square p-value; F = F-statistics

Table 3. Logistic Regression on signs & symptoms and laboratory outcome

Signs & Symptoms

Unadjusted Odds Ratio

Adjusted Odds Ratio (95% C.I)

P-Value (adjusted)

Fever/ cough

Fever/ Cough/Headache

Fever/ Cough/Coryza

Fever/ Cough/ Myalgia

Fever/ Cough/ Sore throat
Fever/Cough/Sore throat/ Myalgia

1.69 (1.32, 2.17)
1.01 (0.66, 1.54)
0.54 (0.27, 1.09)
2.51(0.75, 8.41)
1.81 (1.41, 2.33)

5.03 (1.01, 25.06)

1.40 (1.06, 1.86)

1.52 (1.15, 2.02)

P=.017

P <.001




The proportion of common signs and symptoms
in this study were a cough (87.9%), fever
(67.7%) and sore throat (42.8%) among the
2,089 patients enrolled. Another study of 369
patients conducted in the United States of
America documented the predominant signs and
symptoms shown among influenza patients to be
a cough, coryza, sore throat, and fever
in patients with influenza infection [15].

The prevalence of influenza has ranged from 5%
to 20% in the United States as estimated by the
Centers for Disease Control and Prevention
(CDC) [16]. A proportion of 16.6% (95%Cl:
15.1% - 18.3%) was positive for influenza virus
in this study with a similar study in Western
Kenya having 9% as the proportion of
laboratory-confirmed influenza infections (14).
There are some wider variations though,
for instance with the study of 3,744 subjects
enrolled by Monto et al (2000) with baseline
influenza-like symptoms, where 2470 (66%) were
confirmed to have influenza in a pooled analysis
[17].

The case definition of an ILI, which suggests a
person presenting with fever and cough with
other respiratory symptoms was not strictly
adhered to as the frequency of a cough was
more than fever and the variation was significant
as per their respective 95% confidence intervals.

Sensitivity, specificity and predictive values of
clinical definitions vary, depending on the
prevalence of other respiratory pathogens and
the level of influenza activity (9). This study
considered only a positive influenza virus
infection without recourse to the various
subtypes. A patient who reported symptoms of a
cough alone (Sensitivity - 93.7%; Specificity -
13.3%; P < .001) was 2.3 times more likely to
have a positive influenza laboratory diagnosis as
compared with those who did not in this study.
The sensitivity obtained with a combination of
fever and cough was 69.2% (95%Cl: 64.0% -
74.0%). The best multivariate predictors of
influenza infections were fever and cough with a
positive predictive value of 79% (P < .001) (17).

Recommendations from the Advisory Committee
on Immunization Practices indicated that among
adult populations, estimates of a positive
predictive value (PPV) of a simple clinical
definition of influenza (acute onset of a cough
and fever) for laboratory-confirmed influenza
infection have varied. These have ranged from
79% to 88% (9). The PPV (19.5%; 95%Cl: 17.3%
- 21.8%) of cough/fever alone for this study,
which covered children as well, was relatively
lower. cough/fever had a relatively high

sensitivity and specificity of 69.2% and 42.9%
respectively.

The two combinations of cough/fever and
cough/fever/sore throat that were included in the
adjusted model remained significant predictors
for an influenza positive infection. Of much
interest will be the combination of cough/fever,
which had a relatively higher sensitivity (69.2%;
95%Cl: 64.0 - 74.0) and specificity (42.9%;
95%CI: 40.6 - 45.3) values as against the other
combination of signs and symptoms (Table 2.). A
study in Western Kenya, on the other hand, had
a cough and fever showing a higher sensitivity of
87-0% (95% CI: 83-3-88-9) (14). In the adjusted
analysis, cough/fever/sore throat indicated an
Odds Ratio of 1.52 (95%Cl: 1.15 - 2.02) as
compared with 1.40 (95%CI: 1.06 - 1.86) for
cough/fever alone. This is important in light of the
case definition encouraging the inclusion of other
respiratory signs and symptoms in addition to a
cough and fever.

In Korea, 372 (44.9%) out of 828 patients were
confirmed with H1N1 infection by real-time
reverse transcription-polymerase chain reaction
(RRT-PCR). A cough was the most common
independent symptom in patients with laboratory-
confirmed (H1N1)pdm09 infection, and further
suggested the combination of a cough plus fever
or myalgia as a clinical diagnostic criteria (17)
whereas this study identified a sore throat as the
additional significant sign.

4. CONCLUSION

With the rapid spread of respiratory virus
infections, prompt diagnosis is needed for
successful case management and prevention of
further transmission. The case definition for
ILI was loosely applied considering the variation
between the frequencies of patients with a cough
or fever. A cough and fever alone were
also significantly associated with a positive
influenza infection. A combination of signs and
symptoms is, however, more useful as that
is a more likely scenario and also specified
by the case definition. In this vein, fever and
cough with a sore throat had the strongest
association 1.52 (95%Cl: 1.15 - 2.02) with
a positive influenza infection in the adjusted
analysis. The cough/fever/sore throat had
a sensitivity of 34.2%, specificity of 77.7%,
PPV of 23.5% and NPV of 85.5%.

Most diseases or infections present with fever,
therefore not looking at fever in isolation but in
combination with a cough and sore throat will
improve the efficiency of clinical diagnosis and
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laboratory investigations in detecting influenza
viruses in the face of limited laboratory
resources.

5. RECOMMENDATIONS

It is worth noting that case definitions for
influenza-like illness are primarily not intended to
capture all cases but to describe trends over time
(12). Due to the need for consistency in the use
of case definitions for global influenza
surveillance, it is strongly recommended that
clinicians should stick with the mandatory signs
and symptoms of fever and cough in the ILI case
definition and consider a sore throat as the most
likely combination for influenza-associated
respiratory infection at Out-Patient Departments
in the study population.

Other respiratory signs aside sore throat should
however not be ignored in the ongoing ILI
surveillance. This will certainly call for further
retraining and orientation on the use of the ILI
surveillance case definition.
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