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Abstract

Obijective: To describe the treatment of community-acquired pneumonia (CAP) in children under
five years in Tanzania.

Methods: Between January and December 2017, children aged 2-59 months with chest
radiography- confirmed CAP were enrolled. The parents were interviewed to collect information
on the patients and home-based medication. Clinical information was derived from the patient
files. Nasopharyngeal swab and blood samples were collected for isolation of the causative
pathogens. Swab samples were analysed by quantitative PCR whereas blood samples were tested
using BacT/Alert 3D.

Results: Overall, 109 children with CAP were included in this analysis. Provision of care to most
children was delayed (median = 4.6 days). A quarter (26.6%) were given unprescribed/leftover
antibiotics at home. Only one child had positive bacterial culture. Referrals were associated with
nasopharyngeal carriage of Streptococcus pneumoniae (p = 0.003) and Haemophilus influenzae (p
= 0.004). Of all admitted children, more than a quarter (n = 29) did not need to be hospitalised and
inappropriately received injectable instead of oral antibiotics.
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Conclusion: We found high rates of home treatment, particularly with antibiotics. Appropriate
health care was delayed for most children because of home treatment. Efforts are needed at the
community level to improve awareness of antimicrobial resistance.
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Background

Globally, community-acquired pneumonia (CAP) remains one of the leading causes of death
among children below five years of age. Most CAP-related deaths occur in low- and middle-
income countries (LMICs). Approximately 70% of these deaths occur in 15 countries, with
Tanzania being eighth on the list of countries with high CAP-related deaths (IVAC, 2018). In
2018 alone, pneumonia led to the death of 17,624 children below five years old in Tanzania
(IVAC, 2018). The high pneumonia incidence is a drawback in meeting the health
sustainable development goals of the United Nations (goal 3) (UN General Assembly, 2015).

Collaborative efforts of different stakeholders like the World Health Organization (WHO),
the United Nations Children’s Fund (UNICEF), and the Government of Tanzania have been
in place for several years. The country has made significant progress in reducing CAP-
related deaths, particularly in the area of CAP prevention, by introducing vaccines with a
high coverage (IVAC, 2018). Despite all these efforts, the death rate related to CAP in
children aged under five years still remains unacceptably high in Tanzania.

In fact, the measures to prevent and treat CAP in children are available, but reducing
morbidity and mortality still remains an enormous challenge (Leung et al., 2016). To stop
preventable deaths caused by CAP, correct and timely management is crucial. There have
been reports of parents or caregivers delaying seeking appropriate healthcare (Minz et al.,
2017; Pajuelo et al., 2018; Umuhoza et al., 2018) and of children not being managed
appropriately at healthcare facilities (Lugangira et al., 2017). For example, studies in
Uganda and Peru reported that children with cough or other respiratory tract infections were
not taken to a healthcare facility in a timely manner (Tuhebwe et al., 2014; Muro et al.,
2017; Pajuelo et al., 2018). Parents or caregivers first observe the symptoms for
improvement. Officially, dispensing antibiotics without a prescription is not allowed in
Tanzania, as in many other countries; however, because of poor monitoring, some parents
buy antibiotics from community pharmacies and others use drugs stocked at home to self-
treat the child before deciding to seek medical care (Wu and Juurlink, 2014). Often, children
visiting the facilities are severely ill, probably because of waiting for improvement, failure of
home treatment, and delayed treatment seeking (Pajuelo et al., 2018).

At the health facility, correct diagnosis of CAP followed by appropriate treatment is critical.
While the WHO recommends the use of chest radiography in addition to the assessment of
clinical features, this is not common in most resource-limited settings (Uwemedimo et al.,
2018). In most cases, in practice, syndromic diagnosis is common. For pneumonia, the new
WHO guidelines adopted in many resource-limited countries, including Tanzania,
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recommend home treatment with oral amoxicillin as the first-line treatment. However, in
severe cases, patients are supposed to be admitted for close monitoring (WHO, 2013; WHO/
UNICEF, 2014; MoHCDGEC, 2018).

Despite all these efforts, CAP continues to be fatal in young children. Delay in appropriate
care, self-medication, and inappro- priate hospital management have been linked to poor
CAP treatment outcomes. However, the current trends in delays, CAP attributes, self-
medication, and antibiotic prescription practices remain unclear in most settings. Thus, this
study was designed to examine the CAP management strategies used for treating children
aged below five years in Tanzania.

Materials and methods

Clinical study

Between January and December 2017, hospitalised children aged 2-59 months with chest
radiography-confirmed CAP were enrolled in this study, as previously described (Ngocho et
al., 2019). Children with CAP at three health facilities in Moshi municipality, Kilimanjaro
region, i.e. Kilimanjaro Christian Medical Centre, Mawenzi Regional Hospital, and St.
Joseph Designated District Hospital, were eligible for participation.

Ten research assistants (1 data manger, 6 nurses, and 3 laboratory technicians) were
recruited to assist with data collection. Before starting data collection, the research assistants
were trained for one week on the ethical conduct of human research, study aims, and data
collection methods. The laboratory technicians were trained on study-specific sample
transportation, processing, and storage.

The nurses discussed the study aims with interested parents before asking them to provide
written consent for participation. The interviews were conducted in Swabhili with the parents
or guardians to collect demographic data and clinical characteristics. In addition to
demographic characteristics (e.g. age of the child, and sex of the child), data on the
following variables were also collected: prior history of medications used, particularly
antibiotics, onset of illness, and if the child had medical insurance. Further, data on the
diagnosis, investigations conducted, clinical findings (e.g. cyanosis and body temperature),
and treatment given were extracted from the children’s clinical files. Next, pneumonia
severity was extracted from the files and classified according to the WHO guidelines, as per
which children aged 2-59 months with cough and/or difficulty breathing and fast breathing
and/or chest in-drawing were considered to have pneumonia while those with severe
symptoms (e.g. vomiting, convulsion, unconsciousness, and unable to breastfeed or drink)
were considered to have severe pneumonia (WHO/UNICEF, 2014). Further, the guidelines
recommend home treatment with amoxicillin for children with pneumonia and
hospitalisation for those with severe pneumonia. Anthropometric measurements were
recorded; weight was measured using a Seca Digital Baby Scale Model 354 (Seca GmbH &
Co. KG, Hamburg, Germany). The weight-for-age Z-score was derived from the WHO child
growth standards, and underweight was defined as a Z score below -2 SDs. An HIV test was
performed for children with unknown status; serial testing was done with SD Bioline
HIV-1/2 3.0, a lateral flow immunochromatographic assay (Sd standard diagnostics, Inc. 65,
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Borahagal-ro, Giheung-gu, Yongin-si, Gyeonggi-do, Republic of Korea) and Uni-Gold HIV,
a lateral flow immunochromatographic assay (Trinity biotech plc, Bray, Co. Wicklow,
Ireland), following the Tanzania HIV testing guidelines (MoHCDGEC, 2017).

After conducting the interviews and anthropometric measurements, the nurses collected
nasopharyngeal swab samples and blood samples from the participants, following standard
microbiological techniques. Swabs were collected using UTM® nasal swab flocked with 3
mL of UTM® medium (cat. No. HCPN305C, Copan, Italy), and blood samples were
collected using 2-mL BacT/Alert Pediatric FAN blood culture bottles. Standard
recommended antisepsis procedures were used during blood specimen collection.
Nasopharyngeal swab samples were immediately transported to the laboratory at
Kilimanjaro Clinical Research Institute of Biotechnology and stored at =80 ° C. Later on,
these samples were transported with dry ice to the Laboratory of Paediatric Infectious
Diseases at Radboud University Medical Center (Radboud UMC) in the Netherlands and
were stored at =20 ° C for analysis. The blood samples were analysed at the biotechnology
laboratory.

BacT/Alert blood culture for the detection of bacteria in blood samples

At the laboratory, the bottles were inspected for growth, weighed, and then incubated in the
BacT/Alert instrument. The automated BacT/Alert instrument monitored them for the
presence of bacterial growth. The positive bottles were sub-cultured, and direct smears were
prepared, followed by bacteria identification. Samples were declared negative after a five-
day incubation period if no growth was observed. Positive samples were sub-cultured in
sheep blood agar, MacConkey agar, and chocolate agar; incubated at 37 ° C; and examined
for growth followed by biochemical identification of Streptococcus pneumo- niae (S.
pneumoniae), Staphylococcus aureus (S. aureus), and Haemophilus influenzae (H.
influenzae).

Real-time quantitative PCR (qPCR) for the detection of bacteria and real-time PCR for the
detection of respiratory syncytial virus (RSV) and influenza virus A/B

DNA contents of positive controls (S. pneumoniae TIGR4, S. aureus NCTC8178, Moraxella
catarrhalis (M. catarrhalis) BBH18, and H. influenzae R2866) were extracted using the
Qiagen DNeasy Blood & Tissue kit according to the manufacturer’s instructions (cat. No.
69506, Qiagen German). The DNA contents of positive controls were diluted 10-fold
starting at 10 ng/uL. Serial dilution was carried out to quantify the amount of DNA in the
clinical samples. Five sets of primers specific to these five bacteria were selected for RT-
gPCR. For the identification of S. pneumoniae, the TagMan assay was performed. For the
identification of S. aureus, H. influenzae, Mycoplasma pneumoniae (M. pneumoniag), and
M. catarrhalis, the SYBR Green assay was performed. The quantification results were
considered positive if the quantification cycle (Cq) values were <36. For detection of RSV,
the Diagenode assay was performed using the primer and probe design validated and
described by Templeton et al. (2004).
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Data analysis

Results

Data processing and analysis were performed in STATA version 15 (StataCorp. 2017. Stata
Statistical Software: Release 15. College Station, TX, StataCorp. LLC). Descriptive analysis
was performed to determine the distribution of the participants, CAP management at
different levels, and prevalence of bacteria and/or viral isolates. The proportions of various
variables were computed and compared using the Chi-squared or Fisher’s exact tests, as
applicable. Statistical significance was set at p value <0.05.

Of the 185 children with clinical CAP, 113 (61.1%) had radiography-confirmed CAP, of
which 109 had positive findings on both nasopharyngeal culture and blood microbiology
tests, who were finally included in this analysis. The median (IQR) age of the participants
was 14 months (7-26 months), and the majority (60.6%) were male. About a quarter of the
children (20.6%) were underweight. Seventy-four (71.2%) had fever at admission, and the
majority (73.4%) were diagnosed with severe pneumonia, and 16% (n = 17) presented with
cyanosis as a sign of respiratory distress (Table 1).

The majority (n = 70, 64.2%) of the children received treatment at home before visiting the
health facility. The common home treatment was the use of antipyretics (n = 33, 30.3%)
followed by antibiotics and cough syrups. Twenty-nine (26.6%) children were
inappropriately administered unprescribed/leftover antibiotics at home prior to admission.
More than a quarter (28.7%) of the children with no health insurance were administered
antibiotics at home compared with 19.1% of children with health insurance. The commonly
reported antibiotic given at home was amoxicillin (n = 17, 15.6%), followed by ampicillin—
cloxacillin (n =7, 6.4%). Two children were treated with local herbs before visiting a
healthcare facility (Figure 1).

Only one child had positive blood culture (S. pneumoniag). In the samples of the patients, 79
(69.7%) bacteria and 30 (27.5%) viruses were identified on PCR.

Of the 109 children enrolled, 29 (26.6%) with non-severe pneumonia not needing admission
for injectable antibiotics were unnecessarily hospitalised, and 35 (32.1%) were referred by a
lower-level health facility. Of the 35 children who were referred by another facility, 22
(62.9%) were given antibiotics before referral; among them, 1 had co-infection of the
urinary tract (UTI), and the rest had conditions like anaemia and malaria not needing
antibiotic treatment. Some of the antibiotic combinations given to children were as follows:
amoxicillin = 1, ampicillin & gentamicin = 8, ampicillin & ceftriaxone = 1, ampicillin-
cloxacillin & gentamicin = 1, ampicillin-cloxacillin, gentamicin & metronidazole = 1,
ampicillin—cloxacillin = 2, ceftriaxone = 2, erythromycin & cotri- moxazole = 1,
metronidazole & ceftriaxone = 1, benzylpenicillin = 2, and benzylpenicillin & gentamicin =
2. Further, a significant difference was observed in the distribution of referral status with S.
pneumoniae (p value = 0.003) and H. influenzae carriage (p value = 0.003) (Table 2).

All the children in this cohort were treated with antibiotics, including the 30 (27.5%) with
viral CAP. At admission, only 15 (6 cases of pneumonia and 9 of severe pneumonia)
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children with CAP were prescribed a single antibiotic, while the remaining were prescribed
combinations of 2 or 3 three antibiotics (Figure 2). Further, the majority (n = 91, 83.5%) of
the children were given gentamicin in combination with other antibiotics, and 16 (14.7%)
were either given third-generation cephalosporin alone or in combination with other
antibiotics. Overall, the commonly prescribed antibiotics on admission were gentamicin and
ampicillin (n = 54, 49.5%), and more were prescribed to children with severe pneumonia (n
=34, 31.2%). The second most commonly prescribed antibiotics were gentamicin,
ampicillin, and cloxacillin, usually in combination (ampicillin—cloxacillin) (n = 31, 28.4%).
However, antibiotics were usually prescribed for severe pneumonia (n = 29, 26.6%).

One child with severe pneumonia died before the nasopharyngeal swabs or blood samples
could be collected; the death was likely caused by delayed treatment. The child was referred
by the health centre after three days of persistent symptoms; at the health centre, the first
dose of antibiotics by injection was not given and no home treatment was reported.

Discussion

In this study, we found that children were delayed (median = 4.6 days) in receiving
appropriate care. The majority (64.2%) of the children received home treatment and a
quarter (26.6%) were given unprescribed/leftover antibiotics at home. The children were
commonly given amoxicillin (15.6%); 2 were given herbal medicines before admission.
Twenty-nine (26.6%) with non-severe pneumonia not needing admission for injectable
antibiotics were unnecessarily hospitalised. The common isolates from the nasopharyngeal
samples were M. catarrhalis (46.8%), H. influenzae (45.9%), S. pneumoniae (40.4%), and
RSV (20.2%). In all, 33% of the children were referred by a lower-level healthcare facility;
referrals were associated with nasopharyngeal carriage of S. prneumoniae (p = 0.003) and H.
influenzae (p = 0.004). The majority of the children were given more than one antibiotic,
mostly gentamicin in combination with other antibiotics.

In this population, the majority of the caregivers tried home medication before visiting a
hospital; at the onset of illness, children were given antipyretic drugs, cough syrups, and
antibiotics, resulting in delayed appropriate care. Similar to this finding, several previous
studies, particularly in LMICs, have reported high levels of home self-medication. A study
in India reported that 80.7% of children with CAP were given home-based treatment (Minz
etal., 2017) and one study in Nigeria found that 75.2% of the caregivers initiated home-
based treatment (Ukwaja et al., 2012). Home-based treatment of children is among the most
important reasons for the delay in seeking healthcare, which was also observed in this study.
The median duration of symptoms before seeking healthcare was 4.6 days (2-6 days),
similar to the delays reported previously (Minz et al., 2017). In addition to home remedies,
there are several other reasons for the delay in seeking appropriate health care, such as
caregivers’ lack of knowledge on the signs and symptoms of CAP, perception of the disease
not being severe enough to seek healthcare, and financial challenges (Minz et al., 2017,
Pajuelo et al., 2018). Children succumb easily to diseases when appropriate care is delayed,
leading to complications. Such delays may be attributed to the initiation of home treatment
and possibly to the caregivers waiting for the symptoms to improve. More efforts are needed
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to educate the parents and caregivers on the importance of seeking appropriate medical care
within 24 h of the onset of respiratory symptoms and fever.

Home-based treatment with antibiotics for CAP in children presenting with cough was high
(26.6%) in this population. The practice of antibiotic self-medication is a known risk factor
for the development of antibiotic resistance (Horumpende et al., 2018a). Antibiotic self-
treatment was undertaken because of the lack of knowledge on the consequences of self-
medication including antibiotic resistance (Grigoryan et al., 2007, 2008) and lack of health
insurance (Saradamma et al., 2000). In this study, more than a quarter (28.7%) of the
children with no health insurance were given antibiotics at home compared to 19.1% of the
children with health insurance. In most cases, these antibiotics are left-overs from past
prescriptions or are obtained from private drug retailers without a prescription (Kéllander et
al., 2005; Ukwaja et al., 2012; Mboya et al., 2018). In line with this, one study in Macedonia
found that 71.4% of the people in the community kept antibiotics in their homes to use in
cases of illness (Ivanovska et al., 2013). The irrational use of antibiotics is linked to easy
access due to the lack of appropriate drug regulatory mechanisms in most countries
(Ayukekbong et al., 2017). The caregivers use their experience of previous pneumonia
episodes or ask advice from friends and relatives to administer self-medication to their
children. They first try medications previously prescribed by healthcare providers in a
previous similar episode before taking the child to the hospital (Pajuelo et al., 2018). This
behaviour leads to delayed diagnosis and treatment of the child. Other effects of antibiotic
self-medication include incorrect choice of antibiotics and unclear dosage as well as
duration of treatment. All these factors predispose the patient to polypharmacy drug
interactions, drug toxicity, and increased risk of mortality due to treatment failure and
development of antibiotic resistance (Bennadi, 2013). The patients presenting at the
healthcare facility are most likely to be experiencing the severe form of the disease with
poor progress as a consequence of home-based antibiotic treatment failure. Similar to this
finding, several previous studies, particularly from LMICs with easy access to antibiotics,
have reported high levels of home self-medication and use of antibiotics for cough or acute
respiratory tract infections (Kéllander et al., 2005).

Penicillin, particularly amoxicillin, was the most commonly used antibiotic (15.6%) for self-
medication at home without an established diagnosis. Our study findings are in agreement
with those of other studies conducted in other parts of the world (Grigoryan et al., 2006;
Alhomoud et al., 2017). The reason for self-medication with penicillin-based medications is
that they are cheap and readily available over the counter from community drug outlets
(Horumpende et al., 2018b; Mboya et al., 2018). Amoxicillin self-medication is a major
factor contributing to the rapidly increasing burden of drug resistance to this group of
antibiotics (Harbarth and Samore, 2005). Of particular concern is the growing evidence of
unacceptably high resistance rates to penicillin, particularly amoxicillin and ampicillin, in
most LMICs like Tanzania (Festo et al., 2011; Ayukekbong et al., 2017; Kumburu et al.,
2017). This makes it challenging for providers to treat bacterial infections in LMICs, where
drug susceptibility testing facilities are not readily available and other classes of antibiotics
are either not available in some places or not affordable. The observed irrational use is a
serious setback in the fight against antimicrobial resistance.
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More than a quarter of the children not needing in-patient care, in violation of the revised
WHO 2014 Pneumonia Treatment Guidelines (WHO, 2014), were admitted to the hospital.
The guidelines on the management of childhood illnesses (WHO, 2013), the Tanzanian
Standard Treatment Guidelines, and the Essential Medicines List for Children and
Adolescents recommend outpatient treatment of non-severe pneumonia (pneumonia)
(MoHCDGEC, 2018). Moreover, besides unnecessary admission, the antibiotics prescribed
did not follow any of the aforementioned guidelines. While oral amoxicillin is the
recommended antibiotic for pneumonia, many children were treated with gentamicin and
ampicillin. In addition to ampicillin and gentamicin, some children were given a third
antibiotic, such as ceftriaxone, cloxacillin, or metronidazole. This inappropriate and
excessive antibiotic consumption is common in healthcare facilities, in particular, in those
without diagnostic facilities (Ayukekbong et al., 2017). This practice is unnecessary for
hospitalised children since clinical progress can be monitored and decisions can be made on
a case-by-case basis. Most of the recommendations advocate the addition of another class of
antibiotics after 48—72 h if there is no improvement (MoHCDGEC, 2018). Clinicians should
follow the available guidelines to avoid inappropriate and excessive antimicrobial
prescriptions, which is a known risk factor for antimicrobial resistance (Cusini et al., 2010).

The majority of the children carried CAP-causing bacteria, such as H. influenzae or S.
pneumoniae but not M. pneumoniae. Furthermore, RSV was isolated from about a quarter of
the children, similar to the findings of the PERCH study describing a significant association
between the detection of viruses (mainly RSV) in the nasopharynx and diagnosis of
pneumonia (Pneumonia Etiology Research for Child Health (PERCH) Study Group, 2019).
All the children in our study were treated with antibiotics, although some had viral CAP.
Viral infection only requires supportive care (oxygen supply and/or mechanical ventilation)
since no treatment is available, and these types of infections are self-limiting. Clinicians
should consider a delay in prescribing antibiotics and consider a simple biomarker-based
test, such as C-reactive protein and procalcitonin, to distinguish between viral and bacterial
infections, especially in non-severe cases (Do et al., 2016). In addition, a rapid viral test can
guide physicians in deciding whether or not to initiate antibiotic treatment (Llor and
Bjerrum, 2014). Though the diagnostic values of these biomarkers and viral rapid tests have
their limitations (Harris et al., 2011), these tests could help reduce the irrational use of
antibiotics.

The findings should be interpreted with some caution because more than a quarter of the
children with CAP, including those with the severe form, had not undergone diagnostic chest
radiography and were not enrolled in our study. While the use of chest radiography to
diagnose pneumonia remains debatable (Harris et al., 2011; 2017), several guidelines
recommend chest radiography-based diagnosis for children with severe pneumonia (Harris
etal., 2011; WHO, 2013; 2017). In this setting, providers at lower levels were reluctant to
order chest radiography even when it was available. This limits the generalizability of the
findings since it is not clear how the decision to recommend chest radiography was made.
Also, home antibiotic use was reported by the caregivers, who could have underestimated
the use because of social desirability bias.
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In conclusion, we found high rates of home medication for children with CAP, resulting in a
delay in appropriate health care. Treating young children with a cough or other respiratory
tract symptoms at home with antibiotics is still a common practice in Tanzania. Paediatric
CAP patients not requiring hospitalisation were, in violation of the WHO guidelines, still
admitted. In addition, prescription guidelines were not followed, leading to inappropriate
and excessive use of antibiotics, which could be a prelude to the development of
antimicrobial resistance. More efforts are needed to reduce non-prescription and
unnecessary and inappropriate use of antibiotics by improving the awareness and
understanding of antimicrobial resistance both at the community level and in healthcare
settings through effective communication, education, and training. Additionally, to reduce
unnecessary hospitalisation of children with pneumonia, providers should be trained on how
to implement the revised WHO guidelines.
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Home management

Different types of drugs used for home medication of community-acquired pneumonia
before admission (two different classes of antibiotics = 3 children, chlorpheniramine

maleate/paracetamol/pseudoephedrine syrup = 1, Lasix = 1, local herbs = 2, loratadine = 1,
salbutamol = 1, and sedative = 1).
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Figure 2.
Antibiotics given upon admission.
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General characteristics of children under five years of age with community-acquired pneumonia (n = 109).

Variable n %
Age in months? (IQR) 14 (7-26)
Sex

Male 66 60.6
WAZ score

Underweight 22 20.6
Fever at admission

Yes 74 71.2
Cyanosis

Yes 17 16.0
HIV status

Positive 1 0.9
Duration of illness? (IQR) ~ 4-6 (2-6)
Classification of pneumonia

Severe pneumonia 80 734
Facilities

KCMC 46 422

Mawenzi 43 395

St. Joseph 20 18.3

WAZ score: weight-for-age Z-score.

a\/ariable expressed as median (IQR).
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Table 2

Distribution of children’s characteristics and the referral status (n = 109).

Characteristics Referral status p-Value
Yesn(%) Non(%)

Age category (months) 0.749
<24 months 10(345)  19(65.5)
>24 months 25(31.3) 55(68.7)

Facility <0.001
KCMC 29(63.0)  17(37.0)

Mawenzi 1(2.3) 42(97.7)
St. Joseph 5(25.0) 15(67.9)

Health insurance 0.749
Yes 28(32.2)  59(67.8)

No 6(28.6) 15(71.4)

WAZ 0.302
Normal 25(29.4) 60(70.6)
Under-weight 9(40.9) 13(59.1)

Fever on admission 0.141
Yes 13(43.3)  17(56.7)

No 21(28.4)  23(71.6)

Classification of pneumonia 0.087
Pneumonia 13(44.8) 16(55.2)

Severe pneumonia 22(27.5) 58(72.5)

S. pneumoniae 0.003
Yes 7(15.9) 37(84.1)

No 28(43.1)  37(56.9)

H. influenzae 0.004
Yes 9(18.0) 41(82.0)

No 26(44.1)  33(55.9)

S. aureus 0.161
Yes 0 4(100.0)

No 35(33.3)  70(66.7)

M. catarrhalis 0.072
Yes 12(2350  39(76.5)

No 23(39.7)  35(60.3)

RSV 0.974
Yes 7(31.8) 15(68.2)

No 28(32.2)  59(67.8)

RSV: respiratory syncytial virus.
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