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Influenza A(HIN1)pdmO09 infection and viral load analysis in patients
with different clinical presentations
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BACKGROUND Influenza viral load (VL) can be a decisive factor in determining the antiviral efficacy in viral clearance.

OBJECTIVE This study aimed to evaluate the rate of infection and the role of influenza VL on the clinical spectrum of illnesses
among different patient groups attended at a tertiary hospital in Brazil.

METHODS Samples were collected from patients presenting acute respiratory infection from 2009 to 2013. Overall, 2262 samples
were analysed and distributed into three groups: (i) asymptomatic (AS); (ii) symptomatic outpatients (OP); and (iii) hospitalised
patients (HP). VL (expressed in Logl0 RNA copies/mL) was calculated through a quantitative real-time one-step reverse
transcription-polymerase chain reaction (RT-PCR) assay aimed at the M gene, with human RNAseP target as internal control
and normalising gene of threshold cycle values.

FINDINGS A total of 162 (7.16%) HIN1pdmO09 positive samples were analysed. Patients aged from 0.08 to 77 years old [median +
standard deviation (SD): 12.5 £ 20.54]. Children with 5 to 11 years old presented the highest detection (p <0.0001). AS patients had
the lowest VL, with a significant difference when compared with symptomatic patients (p = 0.0003). A higher VL was observed
within two days of disease onset. Ten patients (HP group) received antiviral treatment and were followed up and presented a mean
initial VL of 6.64 + 1.82. A complete viral clearance for 50% of these patients was reached after 12 days of treatment.

MAIN CONCLUSIONS It is important to evaluate AS patients as potential spreaders, as viral shedding was still present, even
at lower VL. Our results suggest that patients with underlying diseases and severe clinical symptoms may be considered for

prolonged viral treatment.
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According to a recent study, up to 646,000 people
die from respiratory diseases linked to season influ-
enza each year. World Health Organization (WHO)
data showed that between February and September 2019
infections with the Influenza A(HIN1)pdmO09 (HIN1p-
dm09) virus were predominant in most countries in
northern and eastern Europe, as well as northern Africa
and Asia, and also in tropical countries of Asia and the
Southern Cone of South America, when compared to
others influenza type A viruses.?’ In this scenario, this
is still an important issue to be taken into account by
health services around the globe.

Influenza infections can cause from mild to severe dis-
eases or progress to a fatal outcome, particularly for high-
risk groups, including children, pregnant women, elderly,
immunocompromised patients, and those with chronic
underlying medical conditions.®* People with influenza
can express some or all of the following symptoms: fe-
ver, cough, sore throat, rhinorrhea, myalgia, headaches
and fatigue. Vomiting and diarrhea were also observed,
although being more common in children than adults.®’
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The disease can also present as asymptomatic, while still
being able to implicate in transmission dynamics and con-
trol. For this matter, it is important to estimate the propor-
tion of asymptomatic patients in influenza infections.®

Understanding the dynamics of HINIpdmO09 viral
load (VL) can provide essential informations about
the transmission and spread of the virus and also give
insight into the infective agent-host interaction. It has
been shown previously that a higher VL was associated
with a more severe case of the disease in patients with
> 5 days of clinical symptoms, along with advanced age
and comorbidities.%”

VL dynamics can also be a decisive factor in de-
termining the efficacy of an antiviral drug in the viral
clearance of a patient. Especially now when new drugs
have been recently approved by the US Food and Drug
Administration (FDA) for treatment of influenza, such
as baloxavir marboxil, a viral polymerase inhibitor.!?

This study aimed to evaluate the rate of infection and
investigate the pattern of VL in positive HINIpdmO09
samples in different patient groups attended at a tertiary
hospital in Brazil.

SUBJECTS AND METHODS

Sample collection - Respiratory samples were col-
lected from patients presenting acute respiratory infec-
tion (ARI), including nasopharyngeal aspirates from
children under 2 years of age at the enrollment visit. Na-
sal- and oropharyngeal swabs were collected from the

online | memorias.ioc.fiocruz.br



2|5 Vitéria Rodrigues Guimaraes Alves et al.

other patients and placed into 2 mL of Ringer’s lactate
sterile solution, according to instructions of the Brazil-
ian Ministry of Health protocol for the management of
Influenza A(HINI) 2009 pandemic.’? Samples were
collected from patients attended at primary care health
service or specific units of the So Paulo Hospital, a ter-
tiary hospital in the city of Sdo Paulo, Brazil, from 2009
to 2013. Informed consent was obtained from all patients
before collection according to physician demand and not
on a regular basis. In this regard, sample collection from
the different patient groups were not evenly distributed
throughout the study period. After collection, samples
were aliquoted and stored at -80°C.

A total of 2262 samples were analysed and distrib-
uted into three different groups, regarding patient con-
ditions: (i) asymptomatic (AS) (adults from the general
community with absence of respiratory symptoms dur-
ing 15 days before sample collection); (ii) symptomatic
outpatients (OP) (children, adults, and healthcare work-
ers from the general community); and (iii) hospitalised
patients (HP), including children and adults with severe
acute respiratory infection (SARI). HIN1pdmO09 posi-
tive patients were also distributed into different standard
aging groups according to WHO Epidemiological Sur-
veillance Standards for Influenza, with modifications,
as follows: < 2; 2-4; 5-11; 12-18; 19-58 and > 59 years
old."? This study was conducted in compliance with in-
stitutional guidelines and approved by the Ethics Com-
mittee of Sdo Paulo Federal University (CEP/UNIFESP
n. 0700/2010 and 0542/2015).

Laboratory methods - RNA extraction of samples
was carried out using the QIAmp Viral RNA Mini Kit
(Qiagen, Hilden, Germany), according to the manufac-
turer’s instructions.

VL calculation - To calculate the VL of positive
samples, a quantitative one-step real-time reverse tran-
scription-polymerase chain reaction (RT-PCR) essay
aimed at the M gene was performed, with the human
RNAseP target as an internal control of sample quality
and normalising factor of threshold cycle (Ct) values. VL
was expressed in Log,, RNA copies/mL. Ct values were
normalised according to the following equation: Ct =
(sample Ct x RNaseP sample Ct)/(mean RNaseP Ct).!

Data analysis - Statistical analysis consisted of a chi-
squared test for comparing categorical values, with a p
< 0.05 being considered statistically significant. Results
are presented as odds ratios with the respective 95%
confidence intervals (CI). All statistical analyses were
performed using GraphPad Prism v.6.01.

RESULTS

A total of 162 HINIpdmO09 positive samples were
analysed out of 2262 respiratory samples collected from
asymptomatic (n = 15), hospitalised patients (n = 76) and
symptomatic outpatients (n = 71).

Positive patients aged from 0.08 to 77 years old [me-
dian + standard deviation (SD): 12.5 + 20.54]. The age
group of 5-11 years old presented the highest detection (p
<0.0001) (Table I).

Rates of infection by patient groups were of 3.14%
(71/2262) for symptomatic outpatients, 3.36% (76/2262)
for hospitalised patients and 0.66% (15/2262) for asymp-
tomatic patients.

VL varied from 2.32 to 10.79 Log,, RNA copies/mL
(mean + SD: 6.43 + 1.83). A significant difference was
observed considering patient onset symptoms (asymp-
tomatic vs. symptomatic - p = 0.0003) (Table II, Fig. 1).

VL (mean £ SD Log,, RNA copies/mL) obtained for
children and adults was not associated to disease severity
when considering the three groups analysed. The values
varied as follows, respectively: 6.52 + 1.91 and 6.18 + 1.8
(OP); 6.89 + 1.37 and 6.84 + 1.55 (HP); 4.52 = 1.76 (AS -
adults). We also provide data analysis without Ct normali-
sation as supplementary material (Supplementary data).

Days of onset symptoms until sample collection and
respective VL were also analysed in the symptomatic
outpatients group (Table III). A higher mean VL oc-
cured within 2 days of disease onset, with a statistically
significant difference observed when comparing this
value with the mean VL from patients with three to four
days of onset symptoms (p = 0.016).

Ten patients (13%) from the hospitalised patients
group (n = 76), collected during the 2013 influenza sea-
son, were followed up for viral shedding analysis and
serial samples were collected until clinical improvement
and/or VL reduction. Measurements of VL according to
days of oseltamivir treatment are shown in Fig. 2.

TABLE I
HIN1pdmO09 detection and viral load (VL) by age groups

Age groups (years) Patients (n) HIN1pdmO09 (n %) Odds ratio (95% CI) VL¢(mean + SD)
<2 354 17 (4.8) 1 5.67+1.71
2-4 183 15(8.2) 1.71 (0.83-3.5) 6.82+1.97
5-11 207 48 (23.19) 4.83 (2.71-8.62)* 6.75+1.74
12-18 59 7 (11.86) 2.47 (0.98-6.21)* 7.29 +£0.87
19-58 1276 63 (4.94) 1.03 (0.59-1.78) 6.17 £ 1.83
>59 183 12 (6.56) 1.37 (0.64-2.92) 6.65+2.35

a: Log,  RNA copies/mL; *: significant at p < 0.05; CI: confidence interval; SD: standard deviation.
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TABLE 11
Age and viral load (VL) (mean + SD) by patient groups

Patients Age VL
Groups® (n %) (years + SD) (mean + SD range)
oP 60 (37) 5+33 6.52 +1.91 (2.52-10.79)
11 (6.8) 40+16.5  6.18+1.80 (3.36-9.64)
Hp 21 (13) 5.6+4 6.7+ 1.5 (4.4-9.06)
55 (34) 41+ 16 6.89 = 1.59 (3.67-10.49)
AS 15(9) 37+6.16  4.52+1.76 (2.32-7.68)"

a: OP = symptomatic outpatients; HP = hospitalised pa-
tients; AS = asymptomatic patients; b: Log  RNA copies/mL;
*: significant at p < 0.05; SD: standard deviation.
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Fig. 1: viral load (VL) distribution by patient groups. HP: hospitalised
patients (children and adults); OP: symptomatic outpatients (children
and adults); AS: asymptomatic patients (adults). Upper and lower bars
indicate min and max VL values. Horizontal bars indicate median VL
values. *#%/*%%* gionificant at p < 0.05.

Followed up patients aged from 16 to 61 years (mean
+ SD: 49 + 13) with a mean initial VL of 6.64 + 1.82
Log,, RNA copies/mL. The mean VL for patients with
(8/10) and without comorbidities (2/10) was of 6.97 +
1.91 and 5.36 + 0.43 Log,, RNA copies/mL, respectively.

Only one (10%) patient presented a negative VL with-
in five days of treatment with oseltamivir. HIN1pdm09
shedding was still detectable at the 10th day of treatment
for 60% of the patients. Patient 2 VL was negative only
after 40 days of drug treatment, VL values between the
30th and the 40th day could not be analysed due to ab-
sence of samples.

DISCUSSION

Our results have shown that children with 5-11 years
old presented the highest HIN1pdm09 detection (23.19%)).
A similar result was found in a previous study where chil-
dren with > 7 to < 13 years of age had a rate of infection
of 44.1%.1% In contrast, an epidemiological study about
influenza A in southern Brazil showed that adults with 21
to 30 years old were the most affected by the HIN1pdm09
virus, with a frequency of infection of 25.7%.1
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TABLE III

Days of onset symptom until sample collection
and viral load (VL) of symptomatic outpatients (n = 71)

Onset symptom Patients VL«

(days) (n) (mean + SD) p
one - two 28 7.07 £ 1.54

three - four 33 597+ 1.86 0.073
five - eight 10 6.43 +£2.48

a: Log,, RNA copies/mL; SD: standard deviation.
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Fig. 2: viral load (VL) of the 10 patients from the hospitalised patients
group treated with oseltamivir. Each line indicates a different patient.
Dotted line indicates last sample received on the 40th day of treatment
from patient 2. {: presence of comorbidities. [1f: cardiomyopathy +
atrial septal defect; 21: asthma + smoker (under mechanical ventila-
tion); 37: tuberculosis; 41: lymphoma (fatal outcome); 61: lupus; 77:
neurologic disturbance; 91: renal transplant; 107: chronic liver disease].

Chung-Chen et al.¥ also found that children with
less than 13 years old presented a longer median dura-
tion of viral shedding than that observed for patients
with more than 13 years of age (11 and seven days of
shedding, respectively).

The asymptomatic patients group represented 9%
of all HINIpdmO9 positive patients. A slightly higher
proportion (12%) was found previously by Loeb et al.1®
Asymptomatic patients had the lowest mean VL among
all three groups (AS, OP and HP), which was expected
since there were no previous reports to clinical signs or
symptoms.!” Regardless, viral shedding was still pres-
ent in these patients, even though with an asymptomatic
form of the disease. Former studies have also reported
viral shedding in asymptomatic patients, having a de-
tectable shedding of an eight-day period with a mean
duration of four days (SD of two days).'® These find-
ings corroborate with the concern of the viral transmis-
sion potential that asymptomatic patients represent for
HINI1pdmO09 infections.

Considering the disease clinical spectrum, we found
no significant difference regarding the mean VL of hos-
pitalised and outpatients (6.84 = 1.55 and 6.47 + 1.88
Log,, RNA copies/mL, respectively) (p = 0.2). Con-
trarily, Lee et al.”’ described a 1.4 Log, [RNA copies/mL
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higher mean VL for hospitalised patients, when com-
pared to outpatients (5.96 + 1.19 and 4.51 + 1.67, respec-
tively) (p = 0.003).

When comparing VL values in different days of onset
symptom, we found that a higher VL occured within two
days of disease onset and tended to decrease with disease
progression, which is in line with past studies.®!4!51.18)
Previous findings showed that patients who initiated osel-
tamivir treatment with < two days of symptom onset had
a viral clearance within six days post drug treatment, one
day earlier than the observed for patients who started on
oseltamivir with > two days of symptom onset.?

The Brazilian Ministry of Health recommends a
five-day treatment with oseltamivir for patients diag-
nosed with influenza.®” In the present study, we showed
that only 10% of the patients receiving this treatment had
an undetectable VL value within this five-day recom-
mendation. In addition, within 10 days of treatment only
40% (4/10) of patients had a clearance of viral detection.

A study conducted with HINIpdmO09 positive pa-
tients hospitalised for severe pneumonia also showed a
slower viral clearance regardless of oseltamivir treat-
ment."® Likewise, Meschi et al.?) observed that patients
with HINIpdmO09 infections that presented severe clini-
cal conditions had significantly prolonged viral shed-
ding period. They also showed that treatment with anti-
viral drugs would reduce VL in the early stages of drug
administration, but would not interfere as much when
concerning viral shedding duration. Risk factors such as
immunosuppression and the need for mechanical venti-
lation can also contribute for a longer viral shedding.*?
The longest viral shedding described here was observed
in patients reporting severe asthma under mechanical
ventilation (patient 2) and lymphoma (patient 4).

The retrospective design was a limitation of the
study, as patients were presented to physicians with a
variable time of onset symptoms, which may have con-
tributed to interfere with the final VL analysis. The
small sample size for both the asymptomatic patients
group and treated patients may also not be an ideal rep-
resentative of the circulating viruses real proportions
among those patients.

In conclusion, regarding the onset of symptoms,
clinical manifestation, and age, HIN1pdm09 VL was
only associated with patient symptoms (AS vs. symp-
tomatic). In contrast, HIN1pdmO9 infection rates does
follow an age pattern.

Furthermore, it is important to assess the true con-
tribution of asymptomatic patients on HIN1pdmO9 viral
transmission and infection, once, as shown here, they
still presented a detectable viral shedding, even though
at lower rates than those of symptomatic patients.

Finally, our results suggest that patients with un-
derlying diseases and severe clinical symptoms may be
considered for a prolonged antiviral treatment for a com-
plete HINIpdmO09 viral clearance.
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