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Abstract. Influenza is known to cause severe respiratory illness inHIV-infectedadults, but there are fewdata describing
the relationship betweenHIV infection and influenza inWest African countries such asGhana.We conducted a prospective
cohort study in theShai-OsudokuandNingoPrampramdistrictsofGhana from2014 to2016.BeginningMay2014,266HIV-
infectedand510HIV-uninfectedparticipants age18 to73yearswere enrolledandmonitored for 12months.Weobserved 4
and11 laboratory-confirmed influenzacasesamongHIV-infectedandHIV-uninfectedpersons, respectively. Theoverall rate
of laboratory-confirmed influenzaamongHIV-infectedparticipantswas15.0per1,000personyears (PY) (95%CI, 0.3–29.80
per1,000PY),whereas thatamongHIV-uninfectedparticipantswas21.6per1,000PY (95%CI, 8.8–34.3per1,000PY) (inci-
dence density ratio, 0.70;P5 0.56).Our study found nosignificant difference in the incidence of laboratory-confirmed influ-
enza-associated illness among HIV-infected and HIV-uninfected individuals in Ghana.

INTRODUCTION

Acute respiratory infections remain a leading cause of mor-
bidity, mortality, and economic loss worldwide.1 According to
recent estimates, up to 650,000 annual deaths are associated
with respiratory diseases from seasonal influenza.2 A 2017
report published by the WHO estimated approximately
25,000 deaths resulting from influenza and pneumonia in
Ghana—about 12% of the total number of deaths that
occurred that year.3 Seasonal influenza vaccines are available
in someWest African countries, but theyarenot used routinely
in Ghana.4 Nevertheless, Ghana has an established influenza
surveillance system, and its National Influenza Center con-
ducts routine influenza testingaspart of theWHOGlobal Influ-
enza Surveillance and Response System.
Human immunodeficiency virus (HIV) infection increases

aperson’s susceptibility to respiratory infection and is a risk fac-
tor for severe, hospitalized influenza-associated illness.5–9 In
2014, Ghana had an HIV prevalence of 1.6%, with 260,000 per-
sons livingwithHIV.10 Although seasonal influenza is a common
cause of respiratory illness in HIV-infected adults,11 a better
understanding of the association between HIV and influenza is
needed to inform influenza prevention and control strategies
among HIV-infected persons. Hence, our goal was to measure
the incidence of influenza-associated illness among cohorts of
HIV-infectedandHIV-uninfectedadults in twodistricts inGhana.

METHODS

We conducted a prospective cohort study in the Shai-
Osudoku and Ningo Prampram districts, of the Greater Accra
Region, located in southeast Ghana as a part of a larger,

population-based surveillance platform for respiratory infec-
tions to estimate influenza incidence.12 We recruited 300 HIV-
infected and 600 HIV-uninfected participants in a 1:2 ratio
matched by age (65 years), district of residence (either Shai-
Osudoku or Ningo Prampram), and gender. HIV-infected par-
ticipants were recruited from antiretroviral therapy (ART) clinics
at Shai-Osudoku District Hospital, Akuse Government Hospi-
tal, and Battor Catholic Hospital over a 3-month period. These
subjects were identified during regular medical visits and were
invited to participate in the study. We recruited HIV-uninfected
participants through a Know Your HIV Status campaign orga-
nized by the District Health Directorate in conjunction with the
Noguchi Memorial Institute for Medical Research and the
National AIDS & STI Control Program of the Ghana Health Ser-
vice. The two cohorts were matched within the same week of
recruitment to enable follow-up of the matched pairs during
the same period. Residents of districts other than Shai-
Osudoku and Ningo Prampram, those younger than 18 years
of age, pregnantwomen, andpersonswhodeclined to undergo
HIV testing were excluded from the study. Informed consent
was obtained prior to enrollment. At enrollment, we interviewed
participants using a standardized questionnaire to collect
demographic andmedical history information. Blood and respi-
ratory samples were also collected at enrollment for HIV and
influenza testing, respectively. This study was approved by
theUniversity ofGhanaEthicsCommittee, and theCDC’s inter-
nal review board relied on this approval.
We defined influenza-like illness (ILI) as a respiratory illness

with a history of fever or measured axillary temperature of
$ 37.5�C and cough with illness onset within the past 10
days. Severe acute respiratory infection (SARI) was defined
as an ILI requiring hospitalization. We defined acute respira-
tory infection (ARI) as either an ILI or a SARI episode. Both
cohorts were monitored for cough and fever fortnightly via
telephone calls for 12 months, and symptomatic patients
were instructed to visit a nearby health facility or theARTclinic
(HIV-infected participants), where they were interviewed, and
respiratory samples were collected for influenza testing.
Blood samples were collected at recruitment, 6months and

12 months post-enrollment, and were tested to confirm HIV
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status and assess seroconversion during follow-up (negative or
positive), HIV type (HIV 1 or 2), CD4 count, and HIV-1 viral load.
Nasopharyngeal or oropharyngeal swabs were collected and
tested for influenza by real-time reverse transcription polymer-
ase chain reaction (PCR) whenever a participant sought care
for ARI. Real-time reverse transcription PCR was performed
according to standardized protocols of the CDC, Atlanta, GA.13

All data analyseswereperformedusingSASVR 9.4 (SAS Insti-
tute, Cary, NC) statistical software. Participantswho died dur-
ing the study period or those who did not complete follow-up
were excluded from the analysis. We used x2 tests to assess
differences in categorical variables and calculated incidence
rates, incidence density ratios (IDRs), and 95% CIs for
influenza-associated ILI and/or SARI among HIV-infected
and HIV-uninfected per 1,000 person-years (PY).

RESULTS

In total, 266 of 300 (89%) HIV-infected and 510 of 600
(85%) HIV-uninfected participants completed the study

follow-up (Figure 1). The median age for both HIV-infected
and HIV-uninfected participants was 39 years, 80% of the
participants were female, and 40% lived in the Ningo-
Prampram district. The HIV-infected cohort was more likely
to be unemployed (P , 0.01), not know how to read or write
(P , 0.01), and to have at least one child younger than 5
years old in the household (P , 0.01) in comparison to
the HIV-uninfected cohort (Table 1). Among HIV-infected
participants, 35% (92 of 266) had a viral load of $ 1,000
copies/mL, 81% (215 of 266) were on ART, and 5% (14
of 266) reported a history of tuberculosis. Almost half
(45%) of the HIV-infected persons on ART had CD4 counts
less than 500 and 28% had viral loads more than 1,000
copies/mL (Table 1).14

Among HIV-infected participants, 40 ARI episodes
(11%) were reported, and four (2%) tested positive for
influenza viruses. Among HIV-uninfected participants,
98 episodes (11%) of ARI were observed, and 11 (2%) tested
positive for influenza viruses. There was no statistically
significant difference in the prevalence of ARI or
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FIGURE 1. Total laboratory-confirmed influenza infections identified among HIV-infected and HIV-uninfected participants, Ghana, 2014 to 2016.
*Severe acute respiratory infection. †Influenza-like illness. ¥Acute respiratory infection (influenza-like illness and severe acute respiratory infection).
**Polymerase chain reaction.
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laboratory-confirmed influenza between HIV-infected and
HIV-uninfected participants.
Among the laboratory-confirmed cases of influenza, the

average age of HIV-infected participants was 39 years
whereas that among HIV-uninfected was 37 years. There
wereequal numbersof influenzaA (H3N2) (n52) and influenza
B Yamagata infections (n 5 2) among HIV-infected partici-
pants, whereas influenza B Yamagata (64%) predominated
among HIV-uninfected participants, followed by influenza A
(H3N2) (27%) and influenza A (H1N1) pdm09 (9%). All four of
the HIV-infected participants with laboratory-confirmed influ-
enzawereonARTandhadCD4counts less than500.Twopar-
ticipants had a high HIV viral load of . 90,000 copies/mL,
suggesting high viremia.
The incidence of PCR-positive influenza among the

HIV-infected cohort [Incidence rate = 15 (95% CI: 0.3–29.8)
per 1000 PY] was similar to that of the HIV-uninfected cohort
[Incidence rate = 21.6 (95% CI: 8.8–34.3) per 1000 PY] (IDR,
0.70; 95%CI, 0.19–2.12; P5 0.562). There was also no differ-
ence in the rate of ARI episodes among HIV-infected partici-
pants (Incidence rate 5 150.40; 95% CI, 103.8–1,970 per
1,000 PY) compared with HIV-uninfected participants (Inci-
dence rate 5 192.2; 95% CI, 154.1–230.2 per 1,000 PY)
(IDR, 0.78; 95% CI, 0.54–1.12; P5 0.189) (Table 2).

DISCUSSION

During the 1-year follow-up period, we found a similar inci-
dence of influenza-associated acute respiratory infection in

HIV-infected and HIV-uninfected participants. A study con-
ducted inMalawi concluded that influenzapositivitywasassoci-
ated inversely with HIV infection (adjusted odds ratio, 0.53; 95%
CI, 0.36–0.76; P , 0.001).15 Our primary hypothesis was that
HIV-infected individuals have a higher incidence of influenza
and ARI, but consistent with the Malawian study, this was not
thecase. Incontrast,ourfindingsarenotconsistentwith thefind-
ings from another Malawian study that reported an influenza-
positive ILI incidence of 46 per 1,000 PY among HIV-infected
participantsand14.5per1,000PYamongHIV-uninfectedpartic-
ipants (IDR, 2.75; 95% CI, 1.02–7.44, P5 0.03).7

The overall rate of PCR-positive influenza in the current
study was found to be 19.3 per 1,000 PY (95% CI,
11.2–31.2), which is greater than that reported in rural Kenya15

(Incidence rate5 3.8; 95%CI, 2.6–5.7 per 1,000 persons) and
Ghana12 (Incidence rate 5 844; 95% CI, 501–1,099 per
100,000 persons), possibly a result of varying methods of
enrollment, the cohorts enrolled, and the influenza seasons
studied. In the two latter studies, patients seeking healthcare
for ILI or SARI symptoms were enrolled passively, and symp-
tomatic cases in all age groups were recruited. In our study,
participants older than 18 years of age were recruited, and
active phone-based follow-up was performed. The PCR-
positive influenza rate in our study is slightly less than the esti-
mates from another Kenyan study15,16 (influenza A, 2.6 per
100 PY; influenza B, 0.2 per 100 PY),16 and this could be
because the study population in Kenya included children
5 years of age or older who experience greater rates of respi-
ratory illness.

TABLE 1
Participant characteristics by HIV status, Ghana, 2014 to 2016

Characteristics HIV infected, n (%) HIV-uninfected, n (%) P value

Total (N) 266 510 –

Age, y; median (range) 39 (33–46) 39 (33–46) 0.5689
Female gender 214 (80) 397 (78) 0.5852
Ningo-Prampram district 111 (42) 218 (43) 0.7858
Employment status*
Unemployed 27 (11) 13 (3) , 0.001
Employed 222 (89) 455 (97) –

Education†
Received no formal education 81 (32) 111 (22) , 0.001
Received at least some formal education 169 (68) 395 (78) –

Smoking status
Smoker (past and current) 10 (4) 12 (2) 0.2635
Non-smoker 256 (96) 498 (98) –

Young children in household, at least 1ne child , 5 years old 133 (50) 197 (39) 0.002
Chronic medical condition‡
Yes 31 (12) 74 (15) 0.27
No 235 (88) 436 (85) –

TB 14 (5) 0 (0) –

ARI episodes 40 (15) 98 (19) 0.5
Antiretroviral therapy
Yes 215 (81) N/A N/A
No 51 (19) N/A N/A

Average CD4 count
, 500 124 (47) N/A N/A
$ 500 142 (53) N/A N/A

Viral load
Undetectable 78 (29) N/A N/A
Low viral load (, 1,000 copies/mL) 96 (36) N/A N/A
High viral load ($ 1,000 copies/mL) 92 (35) N/A N/A
ARI5 acute respiratory infection; ART5 antiretroviral therapy; N/A5 not applicable; TB5 tuberculosis.
*Missing data: HIV negative5 42, HIV positive5 17.
†Missing data: HIV negative5 4, HIV positive5 16.
‡ Includes asthma, chronic obstructive pulmonary disease, congenital heart disease, cystic fibrosis, congestive heart failure, coronary artery disease, sickle cell anemia and diabetes; Missing5 4.
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In our study, all four of the HIV-infected participants with
laboratory-confirmed influenzavirus infectionhadCD4counts
less than 500, and two had a high viral load ($ 1,000 copies/
mL).17 This finding suggests that participants with low CD4
counts could be more susceptible to influenza viruses. Jambo
et al.18 suggested that participants with AIDS have a lower natu-
rally acquired response to influenza-specific CD4(1) T-cell
responses, which causes greater susceptibility to influenza virus
infection.
Our study has some major limitations. Because patients

were contacted by telephone fortnightly, we could have
missed mildly symptomatic cases or cases when the individ-
ual was not contacted at the prescribed interval. Participants
may have been less likely to report symptoms if they were
unwilling to seek care and have a specimen collected. We
detected few PCR-confirmed influenza cases among the par-
ticipants, which limited our analysis significantly. Future stud-
ies withmore than a single season of follow-up, larger sample
sizes, and more frequent direct follow-up are required to pro-
vide more precise estimates of influenza burden. Alternative
methodsof follow-up such as home visits at regular time inter-
vals for thedurationof studymight alsobeexplored to improve
respiratory illness detection.
In conclusion, we found no difference in rates of influenza-

associated acute respiratory infection in HIV-infected and
HIV-uninfected cohorts. However, given the low rate of acute
respiratory infection detection, wemay have been underpow-
ered to detect a difference.
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