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Abstract

Background—Prolonged shedding of influenza viruses may be associated with increased 

transmissibility and resistance mutation acquisition due to therapy. We compared duration and 

magnitude of influenza shedding between human immunodeficiency virus (HlV)-infected and -

uninfected individuals.

Methods—A prospective cohort study during 3 influenza seasons enrolled patients with 

influenza-like illness and a positive influenza rapid test. Influenza viruses were detected by real-
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time reverse transcription polymerase chain reaction. Weibull accelerated failure time regression 

models were used to describe influenza virus shedding. Mann-Whitney U tests explored initial 

influenza viral loads (VL).

Results—Influenza virus shedding duration was similar in 65 HIV-infected (6 days; interquartile 

range [IQR] 3–10) and 176 HIV-uninfected individuals (7 days; IQR 4–11; P = .97), as was initial 

influenza VL (HIV-uninfected 5.28 ± 1.33 log10 copies/mL, HIV-infected 4.73 ± 1.68 log10 

copies/mL; P = .08). Adjusted for age, HIV-infected individuals with low CD4 counts shed 

influenza virus for longer than those with higher counts (adjusted hazard ratio 3.55; 95% 

confidence interval, 1.05–12.08).

Discussion—A longer duration of influenza virus shedding in HIV-infected individuals with low 

CD4 counts may suggest a possible increased risk for transmission or viral evolution in severely 

immunocompromised individuals. HIV-infected individuals should be prioritized for annual 

influenza immunization.
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Quantifying influenza shedding duration, a possible predictor of infectivity and 

transmissibility, can inform infection prevention and control measures [1]. Several factors, 

such as age and to a lesser extent human immunodeficiency virus (HIV) status, have been 

found to impact shedding duration [2, 3]. Early studies suggested HIV-infected adults may 

shed influenza longer [2, 4], while more recent studies found that HIV-infected adults shed 

for a similar time to HIV-uninfected adults, possibly due to higher CD4 counts and 

virological suppression in the era of widespread antiretroviral therapy (ART) availability [5]. 

South Africa has a significant HIV epidemic, with an estimated 7.1 million children and 

adults living with HIV and 3.9 million individuals on ART in 2016 [6]. The mean CD4 

count at time of first presentation and diagnosis in South Africa is approximately 250 cells/

μL [7]. Differential shedding duration by HIV status and CD4 count is important to 

determine as prolonged influenza shedding may be associated with viral evolution and 

antigenic drift within a patient [8], the development of resistance to influenza antivirals 

following therapy [9], and an increased transmissibility.

Adult studies have reported a range of influenza virus shedding durations using mainly real-

time reverse transcription polymerase chain reaction (rRT-PCR) assays, with a shorter 

duration reported in healthy versus hospitalized adults [1, 10]. A longer duration of shedding 

is often described in children and immunocompromised individuals [2]. In children the 

median duration of virus detection is usually 7–8 days, but may be longer [11].

Influenza virus shedding data from Africa, in particular countries with high HIV prevalence, 

are limited. One study from Kenya explored shedding patterns of influenza A(H1N1) pdm09 

in 106 patients with low known HIV prevalence [12]. The median duration of influenza virus 

detection was 8 days using rRT-PCR.

There are minimal data regarding the impact of HIV infection on influenza virus shedding 

duration [5]. We aimed to evaluate whether seasonal influenza virus shedding duration and 

von Mollendorf et al. Page 2

J Infect Dis. Author manuscript; available in PMC 2019 May 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



viral load (VL) differed between HIV-infected and -uninfected individuals with influenza-

like illness (ILI) in 2 provinces of South Africa in 2012–2014.

METHODS

Study Design and Setting

We conducted a prospective cohort study of individuals older than 6 months of age, during 3 

consecutive influenza seasons (2012–2014). Patients who met the case definition for ILI, 

that is presenting to an outpatient clinic with sudden onset of fever (>38°C) and cough or 

sore throat in the absence of another diagnosis, and who had onset of symptoms in the last 3 

days, were actively identified (active case ascertainment) at public primary health care 

clinics in 2 provinces (Edendale, KwaZulu Natal and Klerksdorp, North West Province). 

Respiratory samples from consenting eligible patients were tested with a rapid diagnostic 

test for influenza (BD Directigen EZ Flu A+B or BD Veritor [Becton, Dickinson and 

Company, MA]). Recruitment was restricted to patients presenting within 72 hours of 

symptom onset as influenza viral load usually peaks during the first 24–72 hours of illness.

Patients younger than 5 years of age had a nasopharyngeal aspirate taken while patients 5 

years or older had a nasopharyngeal swab and oropharyngeal swab taken as per the routine 

surveillance program (described elsewhere) [13] that the shedding study was nested within. 

Specimens were submitted to the National Institute for Communicable Diseases (NICD) in 

Johannesburg in PrimeStore Molecular Transport Medium (Longhorn Vaccines and 

Diagnostics, Bethesda, MA) for multiplex rRT-PCR testing and confirmation of influenza 

infection. Patients whose enrolment specimen tested positive for influenza on rapid test, but 

negative on rRT-PCR, were excluded from the shedding study. Respiratory specimens were 

collected from patients whose enrolment sample tested positive for influenza by rRT-PCR 

every 2 days for the first 2 weeks (day 14) after enrolment and then at 21 days from the date 

of enrolment (influenza confirmation). A second rapid test was done on the day 21 

respiratory specimen and if it tested positive another sample was taken on day 28. Patients 

were considered to be no longer shedding if specimens were negative for influenza by rRT-

PCR at 2 consecutive visits. Symptom onset at the initial visit and the presence of symptoms 

at all study follow-up visits were recorded.

For HIV status, any documented or verbal confirmation was accepted for a positive status. 

For a negative status, if the patient had no recent documented proof of their status and they 

consented to a test, pretest counseling and testing for HIV was offered by study staff. If no 

consent for testing was given, the patient’s HIV status was recorded as unknown. HIV-

infected patients also had blood drawn for CD4 count.

Laboratory Diagnosis

A multiplex rRT-PCR assay detecting 10 respiratory viruses (influenza A and B viruses, 

para-influenza viruses 1–3, respiratory syncytial virus, enterovirus, human 

metapneumovirus, adenovirus, and rhinovirus) was used for confirmation of influenza virus 

infection [14]. Influenza A positive samples were subtyped using an assay developed by the 

Centers for Disease Control and Prevention (CDC), Atlanta [15], and influenza B viruses 
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were lineage typed by rRT-PCR assay [16]. Influenza A and B VLs were determined for 

positive specimens for all visits using the CDC rRT-PCR as a quantitative assay by including 

a series of standards of known copy numbers [17]. We considered a cycle threshold (Ct) 

value cutoff of ≤37 as a positive rRT-PCR result [18].

Durations of Symptoms and Shedding

We defined symptom duration as time from symptom onset to the first day on which the 

relevant symptom was resolved, based on participant report. The respiratory symptom 

category included sore throat, cough, and rhinorrhea; the all-symptom category included 

respiratory symptoms plus fever and myalgia; and fever alone was reported as a separate 

symptom category [19]. The duration of influenza viral shedding was considered as the 

number of days from onset of symptoms to last positive influenza rRT-PCR result.

Statistical Analysis

We compared baseline characteristics of enrolled HIV-infected and -uninfected participants 

using a multivariable logistic regression model. We started with all variables significant at P 
< .20 on univariate analysis, and dropped all nonsignificant factors (P ≥ .05) with manual 

backward elimination. Patients with missing data for included variables were dropped from 

the model (data were >90% complete for all variables except CD4 count).

Time from symptom onset to (1) last day of influenza virus detection on rRT-PCR and (2) 

alleviation of symptoms was analyzed using Kaplan-Meier estimates and Weibull 

accelerated failure time regression models, which allow explanatory variables (eg, age, sex, 

HIV status, influenza virus type/subtype, underlying medical conditions, antibiotic use, 

study site, study year) to proportionally increase or decrease time to endpoint [20]. The 

Weibull accelerated failure time model allowed more flexibility than a Cox semiparametric 

model as the associated hazard rate was not constant with respect to time; the Weibull model 

was a better fit for our data. Hazard ratios measured the hazard of becoming PCR negative 

with a ratio <1 indicating a longer duration of shedding.

Influenza viral RNA load data (expressed in copies/mL) for the enrolment visit was log10 

transformed. Mann-Whitney U tests were used to explore the difference in initial VLs 

between HIV-infected and -uninfected individuals. All statistical analyses were performed 

using STATA version 14.1 (StataCorp, College Station, TX).

Ethical Approval

The protocol was approved by the University of the Witwatersrand (M120129), University 

of KwaZulu-Natal (BF079/12) ethics committees, the relevant Provincial Departments of 

Health and the US Centers for Disease Control and Prevention. All study participants or 

parents/guardians (for children <18 years) were required to sign an informed consent form.

RESULTS

A total of 4214 patients were enrolled into the ILI surveillance program during 3 

consecutive influenza seasons (May–October) (Figure 1). In 2012, study screening only 
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started in August in Edendale following ethics approval. Overall, 1152 patients were 

ineligible as they were younger than 6 months of age (n = 160) or reported presence of 

symptoms for more than 3 days prior to the visit (n = 992). Of the remaining 3062 (73%) ILI 

patients, 867 (28%) patients were not screened (lack of rapid tests or left clinic) and 23 

patients (1%) refused consent. Only 2172 patients were screened with a rapid test and 1813 

(83%) tested negative. Of the patients with a negative rapid test result, 16% (283/1813) were 

false negatives (positive for influenza on rRT-PCR). Of the 359 patients whose screening 

rapid test was positive, 26% (95/359) were subsequently reported to be negative for 

influenza on rRT-PCR, resulting in 264 patients enrolled in the study (Figure 1). Only 23 

enrolled patients declined HIV testing in the absence of a documented HIV status.

The primary influenza type and subtype differed by year with influenza B predominating in 

2012 (8/11, 73%), a similar proportion of A(H1N1)pdm09 (36/95, 38%), and A(H3N2) 

(42/95, 44%) in 2013, and a predominance of A(H3N2) (127/155, 82%) in 2014. Only 51 

patients had other viral infections detected on PCR; 44 individuals had 1 additional virus 

detected (including 13 rhinovirus, 23 adenovirus, 5 human metapneumovirus, and 1 

respiratory syncytial virus) and 7 had multiple other viruses detected.

Comparison of Patient Baseline Characteristics by HIV Status

Of the 264 patients, 241 (91%) had known HIV status and 65 (25%) were HIV infected. Of 

the infected individuals, 63% (41/65) were receiving HIV treatment at time of enrolment and 

of those with CD4 count results 88% (36/41) had a count of >200 cells/μL. On multivariate 

analysis (Table 1), compared with HIV-uninfected individuals HIV-infected patients were 

more likely to be older (25–44 years adjusted odds ratio [aOR] 33.1; 95% confidence 

interval [CI], 5.1–216.4; 45–64 years aOR 49.9; 95% CI, 6.7–373.1; compared with age <5 

years), to be female (aOR 3.5; 95% CI, 1.5–8.5), and to have received treatment for 

tuberculosis in the last 12 months (aOR 36.9; 95% CI, 4.7–289.1), but were less likely to 

live in a crowded household with more than 3 people per room (aOR 0.2; 95% CI, 0.1–0.8). 

Only 1 patient (HIV-uninfected adult) was vaccinated for influenza in the last year. No 

patients received oseltamivir treatment or any other agents with anti-influenza activity as 

part of routine care.

Duration of influenza shedding did not differ significantly (P = .84) between HIV-infected 

(median days 6, interquartile range [IQR] 3–11) and -uninfected individuals (median days 7, 

IQR 4–11) (Figure 2A). Symptom duration was similar between HIV-infected and -

uninfected individuals for all symptoms (median days 16, IQR 7–21; and 15, IQR 9–18), 

respiratory symptoms (median days 16, IQR 10–18; and 15, IQR 11–18), and fever (median 

days 7, IQR 3–14; and 5, IQR 3–12). Fever duration was similar to viral shedding duration 

while respiratory symptom duration was generally longer (Table 1).

Factors Associated With Duration of Influenza Virus Detection by rRT-PCR

Overall, the median duration of influenza virus detection by rRT-PCR was 7 days (IQR 3–11 

days). On multivariable analysis (Table 2), duration of detection of influenza virus by rRT-

PCR differed by age group (Figure 2B), with longer detection in children aged <5 years 

compared with adults ≥45 years (adjusted hazard ratio [aHR] 0.53; 95% CI, 0.30–0.93); by 
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influenza subtype (Figure 2C), with longer detection in individuals with influenza A(H3N2) 

than individuals with influenza A(H1N1) pdm09 (aHR 0.57; 95% CI, 0.40–0.80); and longer 

detection with previous antibiotic use (aHR 0.43; 95% CI, 0.20–0.96). Duration of influenza 

virus detection did not differ significantly by HIV status in all participants (aHR 0.92; 95% 

CI, 0.64–1.33) or when we restricted our analysis to individuals aged ≥5 years (aHR 0.86; 

95% CI, 0.60–1.24). We were unable to demonstrate a difference in virus detection by rRT-

PCR with regards to influenza vaccination use as only 1 individual was vaccinated in our 

cohort.

When restricting to HIV-infected individuals (Table 3 and Figure 2D), on multivariable 

analysis influenza virus detection by rRT-PCR was significantly longer in individuals with 

CD4 counts ≤200 cells/μL compared to those with CD4 counts >200 cells/μL (aHR 3.55; 

95% CI, 1.05–12.08) and older adults (aged ≥45 years) were more likely to shed for longer 

than children aged <5 years (aHR 26.75; 95% CI, 2.50–286.68). ART use was not 

significant in the final multivariable model. A subgroup analysis in individuals aged ≥5 

years (data not shown), showed no difference in detection between the adult age groups, but 

the difference by CD4 count (longer in individuals with lower CD4 counts, aHR 3.45; 95% 

CI, 1.02–11.69) was retained.

Factors Associated With Duration of Symptoms

On multivariate analysis of factors associated with the duration of all ILI symptoms (Table 

4), children <5 years (HR 0.53; 95% CI, 0.34–0.84), children 5–14 years (HR 0.52; 95% CI, 

0.34–0.81), and adults aged 25–44 years (HR 0.57; 95% CI, 0.34–0.94) had a longer 

duration of symptoms than individuals aged 15–24 years. In addition, participants from 

Edendale reported ongoing symptoms for a shorter duration (aHR 1.65; 95% CI, 1.20–2.28) 

than those from Klerksdorp. On comparison, the 2 sites had similar characteristics except for 

a difference in the proportion of patients enrolled across the 3 years. There was no difference 

in duration of symptoms by HIV status (HR 0.84; 95% CI, 0.58–1.22) or CD4 count (not 

included in final model). Similar results were found when we explored factors associated 

with respiratory symptoms and fever separately.

Comparison of Initial Influenza Viral Loads

There were 112 HIV-uninfected and 35 HIV-infected individuals with initial influenza VL 

measurements. The VL for HIV-uninfected subjects at the initial visit was a mean (standard 

deviation) of 5.28 ± 1.33 log10 copies/mL, while for HIV-infected subjects it was 4.73 

± 1.68 log10 copies/mL (P = .08). When restricting to HIV-infected individuals no difference 

in initial influenza VL was noted by CD4 count levels (P = 1.00). Initial influenza VLs did, 

however, differ by influenza subtype: A(H1N1)pdm09 (n = 33, 5.67 ± 1.27 log10 copies/mL) 

and A(H3N2) (n = 93, 4.71 ± 1.39 log10 copies/mL, P < .001).

DISCUSSION

Our study found no overall difference in the duration and intensity at baseline of influenza 

virus shedding as detected by rRT-PCR in HIV-infected compared to HIV-uninfected 

individuals. We did, however, find some evidence that HIV-infected immunocompromised 
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individuals with lower CD4 counts may shed for longer than HIV-infected individuals with 

higher CD4 counts, although numbers were small. It is important to understand transmission 

dynamics to prevent transmission to these groups as the effectiveness of influenza vaccine in 

severely immunocompromised individuals has not been established and prolonged antiviral 

use may lead to the development of resistant mutants [21].

Amongst ILI patients with laboratory-confirmed influenza, when compared to HIV-

uninfected individuals, HIV-infected individuals were older in age due to extremely low 

HIV-positivity rates in children aged <5 years (3%); this was likely due to improvements in 

prevention of mother-to-child transmission programs [22]. HIV-infected individuals were 

more likely to be female, which has been shown from other South African data, and is 

ascribed to biological vulnerability and sociobehavioral factors [23]. Lastly, HIV-infected 

individuals were more likely to have had tuberculosis in the last year than HIV-uninfected 

individuals, consistent with the known high rate of HIV/tuberculosis coinfection [24].

Most data regarding the duration of shedding in immunocompromised individuals have been 

obtained from patients with conditions other than HIV [2, 21, 25, 26]. Studies in cancer 

patients on chemotherapy and other immunocompromising conditions have shown 

prolonged shedding of influenza viruses, ranging from 2 weeks to 18 months, and a higher 

incidence of drug-resistant viruses than immunocompetent individuals [21]. HIV-infected 

individuals have been shown to develop more-severe influenza disease with higher mortality, 

especially in individuals with more-advanced HIV disease [27–29]. A study in 20 HIV-

infected adults diagnosed with influenza reported a median duration of influenza detection 

by rRT-PCR of 10 days (IQR 6–15 days) and a median duration of any ILI symptoms of 14 

days (IQR 12–26 days) [5]. The majority of these patients were virologically suppressed on 

ART and results did not differ from previous studies in HIV-uninfected individuals. Our 

study, which systematically enrolled ILI patients testing positive for influenza, showed a 

median duration of influenza detection by rRT-PCR in HIV-infected individuals of 6 days 

(IQR 3–11 days) and 16 days (IQR 7–21 days) for any ILI symptom; neither differed 

significantly from the HIV-uninfected group in our cohort.

In our study, for all individuals we showed longer influenza virus shedding in children aged 

<5 years compared with adults. However, in HIV-infected individuals only, adults were more 

likely to shed for longer when controlling for degree of immunosuppression. A systematic 

review [30] showed longer duration of viral shedding measured by rRT-PCR in children in 3 

studies [19, 31, 32] but longer shedding in adults in 2 studies [33, 34]. A significant amount 

of diversity has been noted in estimates of duration of influenza viral shedding, especially in 

children [35]. Influenza severity and symptoms have been shown to differ by age group, 

with more-severe disease in young children and the elderly [36]; our study found that the 

duration of all symptoms differed by site and age group, with children having a longer 

duration of symptoms than young adults.

Other studies have demonstrated similar patterns of viral shedding between pandemic and 

seasonal influenza A [19] and different subtypes of seasonal influenza A viruses [35]. We 

demonstrated a difference in the initial VLs of seasonal influenza A as well as a difference 

in the duration of shedding.
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Our study had a number of limitations. First, we used a case-ascertainment study design in 

which potential participants who met the ILI case definition were recruited from outpatient 

clinics and an influenza rapid test was used to detect patients testing positive for the 

influenza virus. Such recruitment may have led to bias in participant selection as individuals 

had illness that was severe enough to seek medical attention with a positive rapid test result, 

and may thus have had higher levels of viral shedding [37]. Second, it is unclear whether 

health-seeking behavior differed between the HIV-infected and -uninfected individuals 

identified with influenza in our study. We were not able to assess whether HIV is more likely 

to cause a clinical illness that warrants seeking care, nor were we able to exclude that there 

may be differential shedding among HIV-infected and -uninfected individuals ascertained in 

the community. We are currently conducting a community based study of influenza burden 

and transmission at 2 sites in South Africa, which may provide answers to some of these 

outstanding questions [38, 39]. Third, we had more false-positive rapid test results than 

previous studies [40]; this resulted in us having to follow-up more patients until their rRT-

PCR results were available. We also tried to enroll patients who were rapid test negative and 

rRT-PCR positive, but this was only possible if the rRT-PCR results were available before 

the day 2 follow-up visit. We, however, only retained individuals in the study who tested 

positive on rRT-PCR. Fourth, we only measured the duration of viral shedding by rRT-PCR 

and not by virus isolation in cell cultures. This may have overestimated the duration of 

shedding in our study as culture only detects viable virus whereas rRT-PCR detects any viral 

particles present in the sample, thus detecting RNA remnants of past infection without active 

replication. The mean duration of viral shedding is reported as 1.5–6 days shorter when 

measured by culture compared with rRT-PCR and virus isolations are usually obtained from 

positive rRT-PCR specimens with a Ct value ≤30 [19, 41, 42]. Lastly, we had low numbers 

of HIV-infected individuals, especially young children, enrolled in the study, with available 

CD4 count results only in two-thirds as these bloods were processed in routine hospital 

laboratories. However, of those patients with known results nearly 90% had CD4 counts of 

more than 200 cells/μL and were seen with mild symptoms at general outpatient clinics; it is 

therefore likely that overall enrolled patients were mildly immunosuppressed accounting for 

the lack of difference in shedding duration between HIV-infected and -uninfected 

individuals.

Our study also had a number of strengths. We enrolled both HIV-infected and -uninfected 

individuals of all age groups from the same population; we enrolled participants over 

multiple seasons with different predominating influenza types; participants were actively 

followed up and swabbed every 2 days for 2 weeks and then weekly; and we assessed both 

quantitative and qualitative measures of viral shedding.

In conclusion, in the era of an established ART program we did not show any difference in 

influenza virus shedding as detected by rRT-PCR in HIV-infected and -uninfected 

individuals in outpatient clinics in 2 areas of South Africa. We did, however, show a 

potential difference in influenza virus shedding by CD4 count with individuals with lower 

counts shedding for longer. Even though the efficacy of the influenza vaccine in severely 

immunocompromised individuals is unclear, prior data from South Africa demonstrated that 

the trivalent influenza vaccine was efficacious in HIV-infected individuals with CD4 counts 

>100 cells/μL [43]. Influenza vaccination is recommended and offered as part of an annual 
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government-funded campaign for HIV-infected individuals in South Africa to reduce the 

incidence of severe disease; however, none of the HIV-infected individuals in our study had 

received the vaccine in the last 12 months. Although antiviral medication for influenza is 

recommended for high-risk groups it is not widely available in public health clinics in South 

Africa. In addition to influenza-specific prevention and treatment strategies, it is vital that 

severely immunocompromised HIV-infected individuals are given appropriate ART to 

prevent a potential increased risk of influenza transmission and resistant mutations.
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Figure 1. 
Patients with influenza-like illness (ILI) enrolled into the influenza shedding study, 

Klerksdorp and Edendale, South Africa, 2012–2014. *In 2012 participants were enrolled in 

Klerksdorp from May to October, while in Edendale enrolment only started in August 

following ethics approval. In 2013 and 2014, enrolment was from May to October at both 

sites. **Does not include patients who refused to participate in the ILI surveillance program 

or left before they were screened. Abbreviation: rRT-PCR, reverse transcription polymerase 

chain reaction.
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Figure 2. 
Kaplan-Meyer plots showing the probability of reverse transcription polymerase chain 

reaction-positive Influenza virus result by day after shedding onset by (A) human 

immunodeficiency virus (HIV) status, (B) age group, (C) influenza subtype, and (D) CD4 

count.

von Mollendorf et al. Page 13

J Infect Dis. Author manuscript; available in PMC 2019 May 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

von Mollendorf et al. Page 14

Ta
b

le
 1

.

C
om

pa
ri

so
n 

of
 B

as
el

in
e 

C
ha

ra
ct

er
is

tic
s,

 B
as

ed
 o

n 
H

IV
 S

ta
tu

s,
 in

 I
nd

iv
id

ua
ls

 E
nr

ol
le

d 
in

to
 th

e 
In

fl
ue

nz
a 

V
ir

us
 S

he
dd

in
g 

St
ud

y,
 K

le
rk

sd
or

p 
an

d 
E

de
nd

al
e,

 

So
ut

h 
A

fr
ic

a,
 2

01
2–

20
14

A
ll 

In
di

vi
du

al
s 

no
./N

o.
 (

%
)

H
IV

-I
nf

ec
te

d 
no

./N
o.

 (
%

)
H

IV
-U

ni
nf

ec
te

d 
no

./N
o.

 (
%

)
U

ni
va

ri
at

e 
A

na
ly

si
s 

O
dd

s 
R

at
io

a  (
95

%
 C

I)

P
 v

al
ue

M
ul

ti
va

ri
ab

le
 A

na
ly

si
s 

A
dj

us
te

d 
O

dd
s 

R
at

io
a 

(9
5%

 C
I)

P
 V

al
ue

A
ge

 g
ro

up
, y

ea
rs

 
<

5
52

/2
64

 (
20

)
2/

65
 (

3)
47

/1
76

 (
27

)
R

ef
er

en
ce

R
ef

er
en

ce

 
5–

24
11

9/
26

4 
(4

5)
11

/6
5 

(1
7)

94
/1

76
 (

53
)

2.
8 

(0
.6

–2
.9

)
.2

0
3.

0 
(0

.5
–9

.9
)

.2
5

 
25

–4
4

68
/2

64
 (

26
)

37
/6

5 
(5

7)
26

/1
76

 (
15

)
33

.4
 (

75
–5

0.
1)

<
.0

01
33

.1
 (

5.
1–

16
.4

)
<.

00
1

 
45

+
25

/2
64

 (
9)

15
/6

5 
(2

3)
9/

17
6 

(5
)

39
.2

 (
76

–0
1.

7)
<

.0
01

49
.9

 (
6.

7–
73

.1
)

<.
00

1

Se
x

 
M

al
e

10
4/

25
6 

(4
1)

10
/6

3 
(1

6)
88

/1
76

 (
50

)
R

ef
er

en
ce

R
ef

er
en

ce

 
Fe

m
al

e
15

2/
25

6 
(5

9)
53

/6
3 

(8
4)

88
/1

76
 (

50
)

5.
3 

(2
.5

–1
1.

1)
<

.0
01

3.
5 

(1
.5

–8
.5

)
.0

05

C
ro

w
di

ng
, r

at
io

 p
eo

pl
e/

ro
om

 
≤3

20
½

55
 (

79
)

57
/6

2 
(9

2)
13

4/
17

6 
(7

6)
R

ef
er

en
ce

R
ef

er
en

ce

 
>

3
54

/2
55

 (
21

)
5/

62
 (

8)
42

/1
76

 (
24

)
0.

3 
(0

.1
–0

.7
)

.0
1

0.
2 

(0
.1

–0
.8

)
.0

3

R
ec

ei
ve

d 
tu

be
rc

ul
os

is
 tr

ea
tm

en
tb

 
N

o
24

5/
25

2 
(9

7)
56

/6
1 

(9
2)

17
2/

17
4 

(9
9)

R
ef

er
en

ce
.0

2
R

ef
er

en
ce

 
Y

es
7/

25
2 

(3
)

5/
61

 (
8)

2/
17

4 
(1

)
77

 (
1.

4–
40

.7
)

36
.9

 (
4.

7–
28

9.
1)

.0
01

D
ur

at
io

n 
of

 in
fl

ue
nz

a 
vi

ru
s 

po
si

tiv
ity

 o
n 

rR
T-

PC
R

, d
ay

s 
m

ed
ia

n 
(r

an
ge

)

7 
(3

–1
1)

6 
(3

–1
1)

7 
(4

–1
1)

.8
4

D
ur

at
io

n 
of

 a
ll 

sy
m

pt
om

s,
 

da
ys

 m
ed

ia
n 

(r
an

ge
)

15
 (

8–
18

)
16

 (
7–

21
)

15
 (

9–
18

)
.3

0

D
ur

at
io

n 
of

 r
es

pi
ra

to
ry

 
sy

m
pt

om
s,

 d
ay

s 
m

ed
ia

n 
(r

an
ge

)

15
 (

10
–1

8)
16

 (
10

–1
8)

15
 (

11
–1

8)
.4

5

D
ur

at
io

n 
of

 f
ev

er
, d

ay
s 

m
ed

ia
n 

(r
an

ge
)

6 
(3

–1
2)

7 
(3

–1
4)

5 
(3

–1
2)

.2
3

O
nl

y 
pa

ra
m

et
er

s 
si

gn
if

ic
an

t o
n 

m
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 a

re
 s

ho
w

n 
in

 th
e 

ta
bl

e.
 B

ol
d 

in
di

ca
te

s 
si

gn
if

ic
an

t v
ar

ia
bl

es
. M

ed
ia

n 
du

ra
tio

n 
of

 in
fl

ue
nz

a 
sh

ed
di

ng
 a

nd
 s

ym
pt

om
s 

ar
e 

al
so

 s
ho

w
n.

 T
he

 f
ol

lo
w

in
g 

ad
di

tio
na

l v
ar

ia
bl

es
 w

er
e 

ev
al

ua
te

d 
bu

t n
ot

 f
ou

nd
 to

 b
e 

si
gn

if
ic

an
t o

n 
un

iv
ar

ia
te

 a
na

ly
si

s:
 s

tu
dy

 y
ea

r, 
st

ud
y 

si
te

, r
ac

e,
 u

nd
er

ly
in

g 
m

ed
ic

al
 c

on
di

tio
ns

, a
nd

 in
fl

ue
nz

a 
su

bt
yp

e.
 A

bb
re

vi
at

io
ns

: C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; H
IV

, h
um

an
 im

m
un

od
ef

ic
ie

nc
y 

vi
ru

s;
 r

R
T-

PC
R

, r
ev

er
se

 tr
an

sc
ri

pt
io

n 
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n.

a O
dd

s 
ra

tio
 r

ep
re

se
nt

s 
od

ds
 o

f 
be

in
g 

H
IV

 p
os

iti
ve

.

J Infect Dis. Author manuscript; available in PMC 2019 May 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

von Mollendorf et al. Page 15
b R

ec
ei

ve
d 

tu
be

rc
ul

os
is

 tr
ea

tm
en

t i
n 

th
e 

la
st

 y
ea

r.

J Infect Dis. Author manuscript; available in PMC 2019 May 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

von Mollendorf et al. Page 16

Ta
b

le
 2

.

A
cc

el
er

at
ed

 W
ei

bu
ll 

R
eg

re
ss

io
n 

fo
r 

D
ur

at
io

n 
of

 I
nf

lu
en

za
 V

ir
us

 D
et

ec
tio

n 
by

 r
R

T-
PC

R
 b

y 
Pa

tie
nt

 B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s,
 f

or
 A

ll 
Pa

rt
ic

ip
an

ts
 (

H
IV

-

In
fe

ct
ed

 a
nd

 -
U

ni
nf

ec
te

d)
, K

le
rk

sd
or

p 
an

d 
E

de
nd

al
e,

 S
ou

th
 A

fr
ic

a,
 2

01
2–

20
14

C
as

e 
N

um
be

rs
 I

nc
lu

de
d 

in
 E

ac
h 

C
at

eg
or

y 
in

 S
ur

vi
va

l A
na

ly
si

s

D
ur

at
io

n 
of

 S
he

dd
in

g,
 D

ay
s

U
ni

va
ri

at
e 

A
na

ly
si

s

P
 V

al
ue

M
ul

ti
va

ri
ab

le
 A

na
ly

si
s

P
 V

al
ue

M
ed

ia
n 

(I
Q

R
)

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

O
ve

ra
ll

26
4

7 
(3

–1
1)

A
ge

 g
ro

up
, y

ea
rs

 
<

5
52

8 
(5

–1
2)

0.
61

 (
0.

38
–0

.9
8)

.0
4

0.
53

 (
0.

30
–0

.9
3)

.0
3

5–
24

11
9

6 
(3

–1
0)

0.
78

 (
0.

51
–1

.2
0)

.2
6

0.
69

 (
0.

41
–1

.1
4)

.1
5

25
–4

4
68

6 
(4

–1
1)

0.
68

 (
0.

43
–1

.0
7)

.1
0

0.
68

 (
0.

42
–1

.1
0)

.1
1

45
+

25
3 

(3
–1

0)
R

ef
er

en
ce

R
ef

er
en

ce

H
IV

 s
ta

tu
s

U
ni

nf
ec

te
d

17
6

7 
(4

–1
1)

R
ef

er
en

ce
R

ef
er

en
ce

In
fe

ct
ed

65
6 

(3
–1

0)
1.

01
 (

0.
75

–1
.3

4)
.9

7
0.

92
 (

0.
64

–1
.3

3)
.6

7

C
D

4 
co

un
t i

n 
H

IV
-i

nf
ec

te
d 

pa
rt

ic
ip

an
ts

 
≤2

00
 c

el
ls

/μ
L

4
13

 (
8–

18
)

R
ef

er
en

ce

 
>

20
0 

ce
lls

/μ
L

26
10

 (
6–

12
)

2.
26

 (
0.

77
–6

.6
4)

.1
4

U
se

 o
f 

an
tib

io
tic

s

 
N

o
24

8
6 

(3
–1

1)
R

ef
er

en
ce

R
ef

er
en

ce

 
Y

es
7

11
 (

6–
15

)
0.

60
 (

0.
28

–1
.2

5)
.1

7
0.

43
 (

0.
20

–0
.9

6)
.0

4

In
fl

ue
nz

a 
su

bt
yp

e

 
A

(H
1N

1)
pd

m
09

47
6 

(3
–9

)
R

ef
er

en
ce

R
ef

er
en

ce

 
A

(H
3N

2)
17

2
7 

(4
–1

2)
0.

64
 (

0.
46

–0
.8

9)
.0

08
0.

57
 (

0.
40

–0
.8

0)
.0

01

 
B

42
7 

(3
–1

0)
0.

79
 (

0.
52

–1
.2

0)
.2

7
0.

76
 (

0.
49

–1
.1

8)
.2

2

O
nl

y 
pa

ra
m

et
er

s 
si

gn
if

ic
an

t o
n 

m
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 a

nd
 o

th
er

 k
ey

 v
ar

ia
bl

es
 (

su
ch

 a
s 

H
IV

 s
ta

tu
s 

an
d 

C
D

4 
co

un
t)

 a
re

 s
ho

w
n 

in
 th

e 
ta

bl
e.

 B
ol

d 
in

di
ca

te
s 

si
gn

if
ic

an
t v

ar
ia

bl
es

. T
he

 f
ol

lo
w

in
g 

ad
di

tio
na

l 
va

ri
ab

le
s 

w
er

e 
ev

al
ua

te
d 

bu
t n

ot
 f

ou
nd

 to
 b

e 
si

gn
if

ic
an

t o
n 

un
iv

ar
ia

te
 a

na
ly

si
s:

 s
tu

dy
 y

ea
r, 

st
ud

y 
si

te
, s

ex
, r

ac
e,

 c
ro

w
di

ng
, h

ou
si

ng
 ty

pe
, u

nd
er

ly
in

g 
m

ed
ic

al
 c

on
di

tio
ns

, a
st

hm
a,

 m
al

nu
tr

iti
on

, a
lc

oh
ol

 u
se

, 
sm

ok
in

g,
 w

or
ki

ng
 in

 a
 m

in
e,

 r
ec

ei
ve

d 
tu

be
rc

ul
os

is
 tr

ea
tm

en
t, 

an
d 

ot
he

r 
vi

ra
l c

oi
nf

ec
tio

ns
.

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

IV
, h

um
an

 im
m

un
od

ef
ic

ie
nc

y 
vi

ru
s;

 I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 r

R
T-

PC
R

, r
ev

er
se

 tr
an

sc
ri

pt
io

n 
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n.

J Infect Dis. Author manuscript; available in PMC 2019 May 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

von Mollendorf et al. Page 17

Ta
b

le
 3

.

A
cc

el
er

at
ed

 W
ei

bu
ll 

R
eg

re
ss

io
n 

fo
r 

D
ur

at
io

n 
of

 I
nf

lu
en

za
 V

ir
us

 D
et

ec
tio

n 
by

 r
R

T-
PC

R
 b

y 
Pa

tie
nt

 B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s,
 f

or
 H

IV
-i

nf
ec

te
d 

Pa
rt

ic
ip

an
ts

, 

K
le

rk
sd

or
p 

an
d 

E
de

nd
al

e,
 S

ou
th

 A
fr

ic
a,

 2
01

2–
20

14

C
as

e 
N

um
be

rs
 I

nc
lu

de
d 

in
 E

ac
h 

C
at

eg
or

y 
in

 S
ur

vi
va

l A
na

ly
si

s

D
ur

at
io

n 
of

 S
he

dd
in

g,
 D

ay
s

U
ni

va
ri

at
e 

A
na

ly
si

s

P
 V

al
ue

M
ul

ti
va

ri
ab

le
 A

na
ly

si
s

P
 V

al
ue

M
ed

ia
n 

(I
Q

R
)

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

O
ve

ra
ll

65
6 

(3
–1

0)

A
ge

 g
ro

up
, y

ea
rs

 
<

5
2

3 
(2

–4
)

4.
60

 (
1.

00
–2

1.
12

)
.0

5
26

.7
5 

(2
.5

0–
28

6.
68

)
.0

07

 
5–

24
11

8 
(3

–1
5)

0.
69

 (
0.

32
–1

.5
1)

.3
5

2.
97

 (
0.

80
–1

0.
97

)
.1

0

 
25

–4
4

37
7 

(4
–1

1)
0.

90
 (

0.
49

–1
.6

3)
.7

2
1.

42
 (

0.
52

–3
.8

4)
.4

9

 
45

+
15

3 
(2

–1
0)

R
ef

er
en

ce
R

ef
er

en
ce

C
D

4 
co

un
t i

n 
H

IV
-i

nf
ec

te
d 

gr
ou

p

 
≤2

00
 c

el
ls

/μ
L

4
13

 (
8–

18
)

R
ef

er
en

ce
R

ef
er

en
ce

 
>

20
0 

ce
lls

/μ
L

26
10

 (
6–

12
)

2.
26

 (
0.

77
–6

.6
4)

.1
4

3.
55

 (
1.

05
–1

2.
08

)
.0

4

R
ec

ei
ve

d 
tu

be
rc

ul
os

is
 tr

ea
tm

en
ta

 
N

o
56

6 
(3

–1
1)

R
ef

er
en

ce

 
Y

es
5

3 
(3

–4
)

3.
35

 (
1.

29
–8

.7
0)

.0
1

O
n 

H
IV

 tr
ea

tm
en

t

 
N

o
15

8 
(4

–1
4)

R
ef

er
en

ce

 
Y

es
42

4 
(3

–1
0)

1.
78

 (
0.

98
–3

.2
4)

.0
6

O
nl

y 
pa

ra
m

et
er

s 
si

gn
if

ic
an

t o
n 

m
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 a

nd
 o

th
er

 k
ey

 v
ar

ia
bl

es
 (

su
ch

 a
s 

re
ce

ip
t o

f 
tu

be
rc

ul
os

is
 tr

ea
tm

en
t o

r 
H

IV
 tr

ea
tm

en
t)

 a
re

 s
ho

w
n 

in
 th

e 
ta

bl
e.

 B
ol

d 
in

di
ca

te
s 

si
gn

if
ic

an
t v

ar
ia

bl
es

. T
he

 
fo

llo
w

in
g 

ad
di

tio
na

l v
ar

ia
bl

es
 w

er
e 

ev
al

ua
te

d 
bu

t n
ot

 f
ou

nd
 to

 b
e 

si
gn

if
ic

an
t o

n 
un

iv
ar

ia
te

 a
na

ly
si

s:
 s

tu
dy

 y
ea

r, 
st

ud
y 

si
te

, s
ex

, r
ac

e,
 c

ro
w

di
ng

, h
ou

si
ng

 ty
pe

, u
nd

er
ly

in
g 

m
ed

ic
al

 c
on

di
tio

ns
, a

st
hm

a,
 a

lc
oh

ol
 

us
e,

 s
m

ok
in

g,
 u

se
 o

f 
an

tib
io

tic
s,

 o
th

er
 v

ir
al

 c
oi

nf
ec

tio
ns

, a
nd

 in
fl

ue
nz

a 
su

bt
yp

es
.

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

IV
, h

um
an

 im
m

un
od

ef
ic

ie
nc

y 
vi

ru
s;

 I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 r

R
T-

PC
R

, r
ev

er
se

 tr
an

sc
ri

pt
io

n 
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n.

a R
ec

ei
ve

d 
tu

be
rc

ul
os

is
 tr

ea
tm

en
t i

n 
th

e 
la

st
 y

ea
r.

J Infect Dis. Author manuscript; available in PMC 2019 May 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

von Mollendorf et al. Page 18

Ta
b

le
 4

.

A
cc

el
er

at
ed

 W
ei

bu
ll 

R
eg

re
ss

io
n 

fo
r 

Fa
ct

or
s 

A
ff

ec
tin

g 
D

ur
at

io
n 

of
 A

ll 
Sy

m
pt

om
sa  f

or
 A

ll 
Pa

rt
ic

ip
an

ts
 (

H
IV

-I
nf

ec
te

d 
an

d 
-U

ni
nf

ec
te

d)
, K

le
rk

sd
or

p 
an

d 

E
de

nd
al

e,
 S

ou
th

 A
fr

ic
a,

 2
01

2–
20

14

C
as

e 
N

um
be

rs
 I

nc
lu

de
d 

in
 E

ac
h 

C
at

eg
or

y 
in

 S
ur

vi
va

l A
na

ly
si

s
D

ur
at

io
n 

of
 S

ym
pt

om
s,

 D
ay

s 
M

ed
ia

n 
(I

Q
R

)
H

az
ar

d 
R

at
io

 (
95

%
 C

I)
P

 V
al

ue
A

dj
us

te
d 

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

P
 V

al
ue

O
ve

ra
ll

26
4

15
 (

8–
18

)

St
ud

y 
si

te

 
K

le
rk

sd
or

p
65

16
 (

12
–2

2)
R

ef
er

en
ce

R
ef

er
en

ce

 
E

de
nd

al
e

19
7

14
 (

6–
17

)
1.

48
 (

1.
12

–1
.9

7)
.0

07
1.

65
 (

1.
20

–2
.2

8)
.0

02

A
ge

 g
ro

up
, y

ea
rs

 
<

5
52

16
 (

13
–2

3)
0.

64
 (

0.
42

–0
.9

8)
.0

4
0.

53
 (

0.
34

–0
.8

4)
.0

07

 
5–

14
73

17
 (

14
–2

2)
0.

63
 (

0.
42

–0
.9

5)
.0

3
0.

52
 (

0.
34

–0
.8

1)
.0

03

 
15

–2
4

46
13

 (
9–

17
)

R
ef

er
en

ce
R

ef
er

en
ce

 
25

–4
4

66
16

 (
12

–1
7)

0.
72

 (
0.

48
–1

.0
9)

.1
2

0.
57

 (
0.

34
–0

.9
4)

.0
3

 
45

–6
4

25
16

 (
12

–2
2)

0.
66

 (
0.

38
–1

.1
4)

.1
4

0.
61

 (
0.

32
–1

.1
7)

.1
4

H
IV

 s
ta

tu
s

 
U

ni
nf

ec
te

d
17

6
15

 (
9–

18
)

R
ef

er
en

ce
R

ef
er

en
ce

 
In

fe
ct

ed
65

16
 (

7–
21

)
0.

90
 (

0.
68

–1
.2

0)
.4

8
0.

86
 (

0.
57

–1
.3

2)
.5

0

O
nl

y 
pa

ra
m

et
er

s 
si

gn
if

ic
an

t o
n 

m
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 a

nd
 o

th
er

 k
ey

 v
ar

ia
bl

es
 (

su
ch

 a
s 

H
IV

 s
ta

tu
s)

 a
re

 s
ho

w
n 

in
 th

e 
ta

bl
e.

 B
ol

d 
in

di
ca

te
s 

si
gn

if
ic

an
t v

ar
ia

bl
es

. T
he

 f
ol

lo
w

in
g 

ad
di

tio
na

l v
ar

ia
bl

es
 w

er
e 

ev
al

ua
te

d 
bu

t n
ot

 f
ou

nd
 to

 b
e 

si
gn

if
ic

an
t o

n 
un

iv
ar

ia
te

 a
na

ly
si

s:
 s

tu
dy

 y
ea

r, 
se

x,
 r

ac
e,

 C
D

4 
co

un
t, 

cr
ow

di
ng

, h
ou

si
ng

 ty
pe

, u
nd

er
ly

in
g 

m
ed

ic
al

 c
on

di
tio

ns
, a

st
hm

a,
 m

al
nu

tr
iti

on
, a

lc
oh

ol
 u

se
, s

m
ok

in
g,

 
w

or
ki

ng
 in

 a
 m

in
e,

 r
ec

ei
ve

d 
tu

be
rc

ul
os

is
 tr

ea
tm

en
t, 

us
e 

of
 a

nt
ib

io
tic

s,
 o

th
er

 v
ir

al
 c

oi
nf

ec
tio

ns
, a

nd
 in

fl
ue

nz
a 

su
bt

yp
es

.

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

IV
, h

um
an

 im
m

un
od

ef
ic

ie
nc

y 
vi

ru
s;

 I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e.

a A
ll 

sy
m

pt
om

s 
in

cl
ud

ed
 r

es
pi

ra
to

ry
 s

ym
pt

om
s 

(s
or

e 
th

ro
at

, c
ou

gh
, a

nd
 r

hi
no

rr
he

a)
 p

lu
s 

fe
ve

r 
an

d 
m

ya
lg

ia
.

J Infect Dis. Author manuscript; available in PMC 2019 May 03.


	Abstract
	METHODS
	Study Design and Setting
	Laboratory Diagnosis
	Durations of Symptoms and Shedding
	Statistical Analysis
	Ethical Approval

	RESULTS
	Comparison of Patient Baseline Characteristics by HIV Status
	Factors Associated With Duration of Influenza Virus Detection by rRT-PCR
	Factors Associated With Duration of Symptoms
	Comparison of Initial Influenza Viral Loads

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

