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of microscopic lung histopathological findings
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de alteracdes histopatologicas pulmonares
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ABSTRACT

Objective: To analyze the histopathological lung findings of four fatal
cases of the 2009 H1N1 influenza pandemic and their correlation with
clinical and epidemiological characteristics. Methods: Descriptive
data from medical records of four patients who died in the Intensive
Care Unit of a university hospital in 2009. Nasopharyngeal aspirate
specimens were collected from the patients and were analyzed by
real-time polymerase chain reaction. Lung biopsy was performed
post mortem; a score of intensity for pathological changes was
applied. Results: Three patients had positive real-time polymerase
chain reaction (although all of them had a clinical diagnose of
influenza H1N'1). The main histopathological changes were: exudative
diffuse alveolar damage with atelectasis; varying degrees of alveolar
hemorrhage and edema, necrosis and sloughing of the respiratory
epithelium in several bronchioli; and thrombus formation. One of the
patients (the pregnant one) presented histopathological findings of
cytomegalic inclusion. Conclusion: The pulmonary histopathological
findings in patients with fatal 2009 HIN1 influenza pandemic
disclosed intense alveolar damage and hemorrhage and severe
bronchiolitis. A co-infection with cytomegalovirus was described in
the pregnant patient.
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RESUMO

Objetivo: Analisar as alteragdes histoldgicas pulmonares de quatro
casos fatais de influenza pandémica H1N1, correlacionando-os a
caracteristicas clinico-epidemioldgicas. Métodos: Estudo retrospectivo
e descritivo de dados de prontudrios de quatro pacientes que
faleceram por influenza HIN1 na Unidade de Terapia Intensiva de um
hospital universitario, em 2009. Os pacientes haviam sido submetidos

a aspirado de nasofaringe e as amostras foram analisadas pelo
método de reagdo em cadeia da polimerase em tempo real. Bidpsia
pulmonar foi realizada no dia do dbito; um escore de intensidade das
alteragoes histopatolégica foi aplicado. Resultados: Trés pacientes
apresentaram reagéo em cadeia da polimerase em tempo real com
resultado positivo (embora todos tivessem diagnéstico de influenza
H1N1). As principais alteracoes histolégicas identificadas foram:
dano alveolar difuso exsudativo, com atelectasia de alvéolos; graus
varidveis de hemorragia e edema alveolar; necrose e descamagao do
epitélio respiratério de vérios bronquiolos; e formagéo de trombos.
Uma das pacientes (gestante) apresentou, a histopatologia, achado
de inclusao citomegalica. Conclusao: Os achados histopatoldgicos
pulmonares em pacientes com influenza H1N1 fatal revelaram dano
alveolar grave, com hemorragia alveolar e bronquiolite. Foi descrita
uma coinfecc@o com citomegalovirus em paciente gestante.

Descritores: Virus da influenza A subtipo H1N1; Pandemias; Unidades
de terapia intensiva

INTRODUCTION

Influenza pandemics are unforeseeable and associated to
high morbidity and mortality, as well as to economic and
social turmoil®. Influenza viruses have a strong capacity
for mutation; their antigenic variation, frequently make
the virus unrecognizable to the immunological system and
every new subtype becomes a threat, being able to cause a
serious epidemic or even a new pandemic®.

In 2009 a new strain of A/HIN1 influenza virus,
with a blend of genic segments non previously identified
either in humans or animals provoked an influenza
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pandemic®. Firstly identified in Mexico and in the United
States, it spread globally in few weeks via international
flights™*>.

Brazil was particularly hit: more than 45 thousand
people were infected in the epidemiological year of
2009, when 2052 deaths occurred. The country south
and southwestern regions were the most affected®?.
In Parana state, in 2009, 63 patients with the diagnose
of HIN1 influenza were admitted in 11 Intensive
Care Units (ICU) in a period of 45 days presenting a
high mortality rate®. In 2010, another 1623 cases of
influenza A/H1INT1 still occurred, according to the data
of the Secretaria da Satide do Parand®.

OBJECTIVE

To analyze the histopathological lung findings of four
fatal cases of the 2009 HIN1 influenza pandemic and
their correlation with clinical and epidemiological
characteristics.

METHODS

This is a retrospective study reviewing the medical
records of four patients clinically diagnosed with HIN1
virus infection that were admitted to the ICU of
Hospital Universitdrio do Oeste do Parand (HUOP) of
Cascavel city, in 2009, had death as outcome and were
submitted to lung biopsy.

The following data were collected: gender, age, origin
of the patients, the presence of co-morbidities, clinical
follow-up, laboratory tests and ventilator parameters.

The four patients belonged to the female gender. One
of them (patient A) was an AIDS patient; one other case
(patient B) presented a story of neurodevelopmental
retardation; a third patient (patient C) was pregnant
with a gestational age of 34 weeks; and the last patient
(patient D) had heart insufficiency, liver dysfunction
and chronic kidney disease. All patients came from
cities of the western region of Parana state, near the
Paraguayan and Argentinian frontiers.

Samples of nasopharyngeal aspirate were analyzed
at the Central State Laboratory in Curitiba (Parana)
by the real time polymerase chain reaction (RT-PCR)
method. The SuperScript™ III Platinum® One-Step
Quantitative RT-PCR System (Invitrogen, Carlsbad,
EUA) kit was used to process the samples.

The patients were submitted to post-mortem lung
biopsy. The samples were fixed in 10% buffered
formalin, embedded in paraffin blocks, and then
stained by hematoxylin-eosin, Grocott methenamine-
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silver, and Ziehl-Neelsen techniques for fungal and
acid- fast bacilli identification. Sample culture was not
performed.

A histological semi-quantitative evaluation was
made by attributing a score from 0 to 3 (O=absent;
1=light; 2=moderate; 3=severe) for the following
histological parameters: granulation tissue, hyaline
membrane, alveolar hemorrhage, intra alveolar edema,
interstitial inflammation, cytopathic effect, perivasculitis,
microthrombus, thromboembolism, besides highlighting
the presence of bacteria, acid-fast bacilli or fungus
(criteria adapted from Mauad et al.(%?). After the score was
attributed by the pathologist in a blind way, the total sum
was registered showing a maximum score for each sample.

The present study was approved by the Research
Ethics Committee of the Universidade Estadual do
Oeste do Parand (UNIOESTE).

RESULTS

The patient’s mean age was 35.5 years (21 to 65 years).

A post mortem surgical removal of lung specimens
was performed in all patients. The microscopic findings
are shown in table 1.

The main clinical findings and their frequency were
the following: fever and dyspnea (present in 100%);
myalgia (in 50%); cough (in 75%); vomits (in 25%).
None of the cases presented diarrhoea. All cases needed
mechanical ventilation. Acute kidney insufficiency
developed in two cases but dialysis was not necessary.

All patients that were RT-PCR positive presented
the acute respiratory distress syndrome (ARDS).
This diagnose was established by the presence of a

Table 1. Lung histopathological findings. Each item is graded from 0 (absent) to
3 (severe)

Histopathological Patients

findings

Granulation tissue
Hyaline membrane
Alveolar hemorrhage
Intra alveolar edema
Interstitial inflammation
Cytopathic effect
Perivasculitis

Microthrombus

W W W o W = N W =D
W W W o NDWw W w NN
NN s oW s s W e
(e N = S I G I e B NG T G B - )

Thromboembolism
Total 19 23 14 10

Acid-fast bacilli or fungus Negative Negative Negative Negative

Cytomegalic inclusion Visualized
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radiological bilateral lung infiltrate and the relation
between arterial oxygen partial pressure/fraction of
inspired oxygen in inspired air (PaO,/FiO,) <200.

Patient A presented hemoptysis and had low platelet
count since her hospital admission. Patient C, the
pregnant one, presented the same complication but had
a normal platelet count. All patients were treated with
oseltamivir for at least five days with the recommended
dosage according to the Ministry of Health protocol.
Corticotherapy was also used in all patients as well as
vasoactive drugs. Table 2 shows the clinicopathological
data of the four patients.

All patients presented various degrees of alveolar
damage. Severe alveolar hemorrhage occurred in one
patient, moderate in another, and light in a third.
Pneumonitis was found in various degrees, moderate
interstitial inflammation in one patient and severe
in three of them. Two patients presented low grade

Table 2. Clinical, epidemiological and laboratorial aspects

perivasculitis. The presence of microthrombus and
thromboembolism was severe in two cases and moderate
in one. No cytopathic effect was found nor infection
either by acid-fast bacilli or fungus (Table 1).

Patient B presented a severe degree of alveolar
hemorrhage and edema receiving the highest score, and
clinically had the worst respiratory clinical course.

Figure 1 shows the histopathological findings of one
of the patients (patient C) who was RT-PCR positive.
Her bronchoalveolar epithelium showed a cytomegalic
inclusion which was compatible with a concurrent
cytomegalovirus infection.

Patients A and B showed severe perivasculitis
and thromboembolism. All cases presented severe
necrosis and scaling of the respiratory epithelium in
various bronchioli. A few alveoli were expanded and
the pulmonary tissue among these alveoli showed
atelectatic alveoli.

Characteristcs Pacients

A B C D
Age (in years) 35 21 21 65
Co-morbidities
AIDS Yes No No No
Heart insufficiency No No No Yes
Chronic liver disease (without cirrhosis) No No No Yes
Chronic kidney disease (non dyalitic) No No No Yes
Pregnangy No No Yes No
Laboratory exams at admission
Leucocytes (cells/mm?) 2.570 7.170 5.640 16.700
Lymphocytes (%) 12 4 22 5
LDH (ULL) 2.523 1.951 753 562
CPK(UL) 113 880 1.697 93
RT-PCR nasopharinx Positive Positive Positive Negative
Clinical course
Acute respiratory insuficiency + mechanical ventilation Yes Yes Yes Yes
ARDS Yes Yes Yes No
Lowest Pa0, /RO, 91 Al 61 21
Major PEEP 20 22 25 10
Acute kidney insufficiency Yes Yes Yes No
Use of vasoactive drugs Yes Yes Yes Yes
Oseltamivir treatment Yes Yes Yes Yes
Antibiotics Yes Yes Yes Yes
Corticotherapy Yes Yes Yes Yes
Time elapsed between the inicial symptoms and death (days) 15 16 17 10
Days of hospital stay until death 8 10 10 10

LDH: lactate dehydrogenase; CPK: creatine phosphokinase; RT-PCR: real-time polymerase chain reaction; ARSD: acute respiratory distress syndrome; PaO,: arterial oxygen partial pressure; FiO,: inspired oxygen fraction; PEEP: positive end

expiratory pressure.
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Figure 1. Histopathological findings. (A) Pneumonitis. (B) Hyaline membrane/
septal thickening. (C) Vascular thrombus. (D) Cytomegalic inclusion

DISCUSSION

All cases presented severe acute respiratory insufficiency
related to the 2009 influenza pandemic virus HINI,
were admitted to the ICU and needed orotracheal
intubation.

The four patients belonged to the female gender and
the three confirmed cases occurred in young adults. In
a Brazilian study involving 21 patients with confirmed
2009 influenza pandemic the mean age was 34 years?.

Co-morbidities were possibly related to the disease
severity and the patients’ worst course. In a USA study
in 2009, involving 272 patients, presenting a confirmed
HINI1 diagnose, 73% had at least one co-morbidity©®!V.

Among the patients of the present study, there
were no obese ones, different from what was found
in patients of a ICU cohort from Australia and New
Zealand, in 2009. From the 722 patients studied, 601
had available data for weight and 28.5% had body mass
index >35; while in California, among 268 hospitalized
patients, 58% were obese(?.

All patients in this study had fever, dyspnea and
severe respiratory insufficiency that required mechanical
ventilation. Myalgia occurred in two patients and
vomiting in one. None had diarrhoea. In the Mexican
epidemics cough, fever and dyspnea were the prevailing
clinical signs®™®. In an American study involving 642
patients, dyspnea was not reported, 94% cases presented
fever and 92% had cough. However, in this American
study not all patients were hospitalized®.

The patients’ fatal course in the present study
may be explained by the risk factors that were present
favoring the worst prognosis, such as pregnancy and
immunossupression (the AIDS patient).

As related to the laboratory tests (Table 2),
lymphopenia was present in all 2009 HIN1 influenza
pandemic patients and a low platelet count was found
in patient A, probably related to AIDS. There was an
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important high level of lactate dehydrogenase (LDH)
in the three confirmed cases and a high level of creatine
phosphokinase (CPK) in two cases. Patient B presented
levels over 1.000U/1 LDH, with the worst histological
picture and respiratory course as compared to the
others implying in a severe degree of pulmonary injury.

Patient A was an AIDS case presenting severe
respiratory insufficiency and an associated clinical
hypothesis of a pneumocystic infection which could
explain the considerable increase in the LDH level.

Increased CPK level over 1.000U/1 was found in the
pregnant patient. High CPK and LDH levels as well
as lymphopenia were described in Mexican patients
with respiratory insufficiency due to the 2009 influenza
pandemic HIN1,

The confirmed cases presented various degrees
of alveolar hemorrhage, edema and diffuse alveolar
damage on histopathology, similarly to previous
influenza pandemics. Patient B presented the worst
respiratory course obtaining also the worst pathological
score according to the histological classification, besides
presenting ARDS (the same fact that occurred with the
other two confirmed cases). She also required prone
positioning on two occasions, probably associated to the
severe alveolar edema and hemorrhage as shown by the
biopsy. In order to improve ARDS, a few mechanisms
must remain active such as the reabsorption of
pulmonary edema from the alveolar spaces. A decrease
in the capacity of the alveolar epithelial barrier to
remove liquids was demonstrated in patients with
acute lung injury'®. Some studies have demonstrated
that the alveolar deficiency in transporting liquids is
directly related to the severity of the clinical picture in
patients with ARDS(7®), It was also observed in mice
infected by influenza A virus that this virus promotes
a clearance blockage of alveolar fluid directly
compromising gaseous exchanges'®.

The prevalence of infection by the pandemic HIN1
virus in pregnancy has been described in the literature
as being between 7% and 9%@®'W. The pregnant
patient (patient C) presented histological findings
compatible with the presence of cytomegalovirus in
the bronchoalveolar epithelium, a concurrent infection
with the HINI1 disease, which may have contributed to
the severe interstitial inflammation found in this case.
Cytomegalic pneumonitis is an uncommon complication
and its diagnose was based on the direct visualization of
a cytomegalic inclusion and its cytopathic effect on the
pulmonary tissue'?. The description of this co-infection
was not found in the literature. It is reported that the
majority of pregnant women have been previously
infected by cytomegalovirus; however, approximately
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15% of them are susceptible to primary infection
during pregnancy®2V. In this patient, microthrombus
and moderate thromboembolism (according to the
previously referred score) were found in the histological
preparation. This finding could be related to a gestational
hypercoagulable state but also to 2009 HIN1 virus itself,
as reported by the Pathology Department of Sdo Paulo
University (USP)1022),

Patient A, an AIDS carrier, presented severe
perivasculitis and thromboembolism that may be related
to the extensive pleural effusion (caused by hydrostatic
pressure changes) that needed thoracic closed drainage.
Besides, a severe interstitial inflammation was present,
as in patient C the one suspected to have a concurrent
cytomegalovirus infection. However, in patient A, it might
have been the result of a clinically suspected infection by
Pneumocystis jirovecii despite the negative search in the
tracheal secretion and the fact that P jirovecii was not
visualized on the histological preparations that were
performed.

Patient D was PCR negative for HIN1 in nasopharynx
and oropharynx aspirates. However, a specimen from
the inferior respiratory tract was not collected, which
could bring a weighty evidence for the diagnose as it
is described in the literature®). Up to 10% of severe
HINI influenza cases (admitted to ICUs) showing
a RT-PCR positive test in the tracheal secretion have
negative exams in the nasopharynx and oropharynx
secretions®). Nevertheless, the patient’s clinical course
differed from the other ones. She presented leukocytosis
during her entire hospital stay; she also presented acute
respiratory insufficiency but it was only on the third
admission day that she required orotracheal intubation
and did not course with ARDS (the other patients
needed mechanical ventilation immediately before ICU
admission).

ICUs patients when RT-PCR positive present a
worse clinical outcome when compared to those with
a negative result®. So it is possible to speculate that
the HINT infection in this patient (older and with co-
morbidities) could not have been so severe but the
outcome was inauspicious because of her age and the
co-morbidities. The main histological lung change in
this patient was interstitial inflammation which is not
specific. Alveolar hemorrhage and the presence of
thrombus that were found in the other patients with
positive tests were absent in this case.

Patient B had the worst histological score, but she
did not have any co-morbidities that could justify such
an ominous course; so maybe a more virulent viral
mutation could have infected this patient being capable
of promoting the histological changes that were found
with greater intensity.

einstein. 2012;10(3):306-11

This article has limitations, including the fact that it
is a retrospective one. Cultures to identify bacteria were
not performed in the patients’ respiratory specimens
because of technical problems in the laboratory as well
as cultures were not performed in the lung biopsies
because the specimens were processed in formaldeyde.
The case that had a probable concurrent infection with
cytomegalovirus did not have all laboratory tests for
its confirmation, because such an hypothesis was not
raised by the time the patient was being cared for.

CONCLUSION

These four fatal cases of pandemic influenza HIN1
with lung histopathology showed as the main findings
exudative alveolar damage with alveolar atelectasis;
various degrees of alveolar hemorrhage and edema;
necrosis and scaling of the bronchioli epithelium. A
rare concurrent infection with cytomegalovirus in one
patient was also described.
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