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ABSTRACT

Lassa fever is a highly contagious and multisystem disease endemic in parts of the West African sub region. There is paucity of data on the
electrocardiographic pattern in children with Lassa fever. In this study our aim is to document as seen in the children with Lassa fever in Irrua
Specialist Teaching Hospital (ISTH), a tertiary institution in South-South Nigeria, in this study. The study was a prospective cross sectional
study of 41children aged 1-16 years with Lassa fever and 41 age and sex matched controls with fever from other causes recruited from the
Lassa fever isolation ward and the Paediatric ward of ISTH Irrua, respectively. The cases and controls were assessed clinically and their
cardiovascular functions were evaluated using a 12 channel electrocardiograph (ECG). Data obtained were analyzed using appropriate
analytical tests.

A total of 82 children aged 1-16 years were recruited for the study. Forty one of them had Lassa fever and 41 age and sex matched controls had
fever from other causes. Out of the 41 cases with Lassa fever, 32 (78.1%) had abnormal ECG findings while only 15 (36.6%) of the control
group had abnormal ECG findings (X?= 12.8, p= 0.0004). The difference was statistically significant. The abnormalities were more in the male
patients with Lassa fever (84%) and in the male controls (60%). The commonest ECG abnormalities in the Lassa fever cases were arrhythmias
(31.7%), prolonged QTc (29.3%) and ST segment /T wave changes (22%). However, in the controls the commonest abnormalities were
arrhythmia (17.1%), left ventricular hypertrophy (7.3%) and aberrant ventricular complexes (7.3%).

Electrocardiographic changes are common in children with Lassa fever; the commonest findings are arrhythmia (31.7%) and prolonged QTc
(29.3%)

Index Terms: ECG abnormalities, prolonged QTc, Lassa fever, arrhythmia

INTRODUCTION

Lassa fever is one of the viral haemorrhagic fevers. It is endemic in the West African sub-region (Nigeria, Guinea, Liberia, Sierra Leone) and
was first described in 1969 in the town of Lassa in Borno State in Northern Nigeria® 2

Lassa fever is transmitted to humans through contact with food or other items contaminated with urine or faeces from the natural reservoir
which are multimammate rats (mastomys natalensis) . Transmission of Lassa virus to humans occurs most commonly through ingestion of
contaminated food, inhalation and consumption of the rats as food by people especially children.® Human to-human transmission also occurs
through contact with infected persons’ secretions or through vertical transmission from mother to child.*

Lassa fever begins after 7-18 days of incubation with different presentations that mimic the common tropical illnesses like malaria, typhoid
fever and even sepsis, but fever seems to be a constant feature.* *Other symptoms include headache, malaise, sore throat, retrosternal or
epigastric pain, vomiting, conjunctivitis, cough and mucosal bleeding. ©

Paediatric patients with Lassa fever have also been shown to present with acute abdomen, convulsive episodes or in severe disease, clinical
features of a swollen baby syndrome which is characterized by widespread edema, abdominal distention, and bleeding.*”

The Lassa virus is hepatotropic, lymphoreticulotropic, pneumotropic and myocardiotropic® °. The effects are therefore pan systemic.® “Some of
the cardiovascular presentations of Lassa fever include cough, retrosternal pain and chest pain. Signs of increased vascular permeability such
as facial oedema or pleural effusion are present in a minority of patient, and the illness may progress to shock and death of the patient.®

About 20% of patients have been reported to have pleural or pericardial rubs late in the disease or at the beginning of convalescence, with
pericarditis occurring particularly in male patients. & ° Recurrent pericarditis with constriction, polyserositis and myocarditis have also been
documented.® 1011

Chest radiography may show infiltrates and pleural effusions. Electrocardiographic findings have been reported to be nonspecific. & °A study by

Cummins et al on 32 patients, aged 15-70 years, with acute Lassa fever showed that 70% of the patients had ECG abnormalities. The
abnormalities noted were nonspecific ST segment and T-wave changes, ST segment elevation and generalized low voltage complexes.
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Electrocardiographic abnormalities in some viral infections like dengue fever and Covid-19 have been extensively documented? 1314 put there
is a dearth of data on the ECG abnormalities in children with Lassa fever. This study is aimed at documenting these abnormalities.

RESEARCH METHODOLOGY

The study was a prospective study conducted in Irrua Specialist Teaching Hospital in Edo State, a tertiary institution, in South-South Nigeria.
Forty one children aged 1-16 years with positive Lassa virus polymerase chain reaction (PCR) test who were on admission in the Lassa
isolation ward were consecutively recruited for the study over a period of 26 months. The controls were age and sex matched children admitted
into the Paediatric ward with febrile illnesses not caused by Lassa virus. Children in the control group with anaemia, heart failure, congenital or
acquired heart disease and electrolyte imbalance were excluded from the study. The biodata of each child was obtained and each child was
examined clinically.

The investigations conducted on the cases diagnosed with Lassa fever and the controls were complete blood count, serum electrolyte, urea and
creatinine. The cardiovascular function of each child was assessed using a 12 channel electrocardiograph (ECG), BeneHeart R12 machine
within 72 hours of admission.

The children were categorized into 5 groups: 1<3 years, 3<5 years, 5<8 years, 8<12 years and 12<16 years, in line with the expected ECG
changes with age.*® The ECG parameters were read from the ECG tracings guided by the normal reference standards .°

The ECG parameters checked were rhythm, rate, frontal plane axes of the QRS and T waves, PR interval, QRS duration, QTc, P wave duration
and amplitude, ST elevation or depression and T wave changes. Data recording and analysis were carried out using Microsoft Excel programme

2007 and OpenEpi.

RESULTS

A total of 82 children aged 1-16 years were recruited for the study. Forty-one were Lassa PCR positive and comprised of 25 males and 16
females; M: F ratio= 1.6:1. The mean age was 9.4+2.4 years. There were also 41 controls which comprised 19 males and 22 females; M: F
ratio=1:1.2, the average age of the controls was 8.66+4.19. The largest numbers of patients in the study were children in the 12<16 year age
group with 11 males and 4 females among the cases and 6 males and 8 females among the controls. There were more males among the Lassa
patients (60.9% vs. 39.1%) and more females among the controls (64% vs. 46%).

There was a statistically higher number of ECG abnormalities among the Lassa fever cases than in the control (78.1% vs 36.6%, X?-12.76, p-
0.0003).Table 1 shows the distribution of abnormal ECGs according to the age and sex in the cases. The ECG was normal in 9 patients (21.9%)
and abnormal in 32 patients (78.1%). The rate of ECG abnormalities was higher in males than females (21/25 (84%) vs. 11/16(68.8%) (p=0.4)
but the difference was not statistically significant. The male patients below 8years and the female patients below 5 years all had abnormal ECG
recordings. There were eight males in the 1< 8 years age group. The clinical findings in these males were convulsion, sickle cell anaemia,
anaemia from other causes and congestive cardiac failure. Among the three female in the 1<5 years age group the clinical findings included
anaemia and congestive cardiac failure.

Table 1: ECG abnormalities according to age and sex among the Lassa fever cases

AGE NUMBER (%) TOTAL TOTAL
RANGE WITH NUMBER | ABNORMAL
(years) ABNORMALITIES OF ECG (%)
PATIENTS
MALE FEMALE

1<3 1/1 (100%) 2/2 (100%) 3 3(100%)

3<5 2/2 (100%) 1/1(100%) |3 3(100%)

5<8 5/5 (100%) 1/3(33.3%) |8 6 (75%)

8<12 416 (66.7) 416 (66.7%) | 12 8(66.7%)
12<16 9/11 (81.81%) 3 14 (75%) 15 12(80%)
TOTAL 21/25(84%) 11/16 (68.8%) | 41 32/41(78.1%)

Table 2 shows the distribution of abnormal ECG according to the age and sex in the controls. The ECG was normal in 26 controls (63.4%) and
abnormal in15controls (36.6%). The rate of ECG abnormalities was higher in males than females (9/19 (47.6%) vs. 6/22(27.3%) (p=0.3) The
diagnoses in the controls included malaria, sepsis, cellulitis, urinary tract infection, bronchopneumonia, bullous impetigo, angioedema, acute
suppurative otitis media, abscess and upper respiratory tract infection.
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Table 2: ECG abnormalities according to age and sex among the controls

AGE NUMBER (%) TOTAL TOTAL
RANGE WITH NUMBER | ABNORMAL
(years) ABNORMALITIES OF ECG (%)
PATIENTS

MALE FEMALE
1<3 1/2 (50%) 0/3 (0%) 5 1(25%)
3<5 0/2 (0%) 0/2 (0%) 4 0(0%)
5<8 2/3 (66.7%) 1/3(333%) |6 3 (50%)
8<12 2/6 (33.3%) 16 (16.7%) | 12 3(25%)
12<16 416 (66.7%) 418 (50%) 14 8(57.1%)
TOTAL 9/19(47.6%) 6/22 (27.3%) | 41 15/41(36.6%)

Fig 1 is a histogram showing the distribution of ECG abnormalities among the cases and controls. Nine cases (21.9%) had normal ECG
readings, while 32 cases (78.1%) had abnormal ECGs. Twenty six controls (63.4%) had normal ECGs and 15 (36.6%) had abnormal ECGs.
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Fig 1: Frequency of ECG abnormalities in cases and controls

The 32 cases with abnormal ECGs had a total of 52 abnormalities (Table 3) and the 15 controls with abnormal ECGs had a total of 25
abnormalities. Among the 32 Lassa fever cases with abnormalities, 14(43.8%) had one abnormality while 18(56.3%) had more than one
abnormality. The commonest abnormalities were arrhythmia (31.7%) — tachycardia (22%), bradycardia (9.8%) and prolonged QTc (29.3%).
Four (26.7%) of the controls with abnormal ECG had one abnormality each while 11(73.3%) had more than one abnormality. The commonest
abnormalities were arrhythmia (17.1%), aberrant ventricular complexes (7.3%) and left ventricular hypertrophy (7.3%).

There was a statistically significant difference between the cases with prolonged QTc and the controls (X?=6.97, p=0.008). Though more Lassa
fever cases had more of the listed abnormalities, the differences were not statistically significant (Table 3).
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Table 3: Distribution of specific ECG abnormalities among the cases and the controls

ECG ABNORMALITIES Cases Controls X? p-value
n=41 (%) n=41 (%)
Prolonged QTc 12(29.3) 2(4.9) 6.97 0.008
Tachycardia 9(22) 7(17.1) 0.39 0.78
Bradycardia 4(9.8) 0(0) 2.36 0.12
Conduction delay/ 6(14.6) 3(7.3) 0.5 0.48
Aberrant ventricular
complexes
Prolonged PR interval 2(4.9) 2(4.9) 0.26 0.6
ST segment elevation 2(4.9) 2(4.9) 0.26 0.6
ST segment depression 0(0) 1(2.4) NA NA
T wave abnormalities 7(17.1) 2(4.9) 1.99 0.15
U wave 1(2.4) 0(0) NA NA
Left atrial enlargement 4(9.8) 2(4.9) 0.18 0.67
Right atrial enlargement 1(2.4) 0(0) NA NA
Left ventricular hypertrophy 2(4.9) 3(7.3) 0 0.99
Right ventricular hypertrophy | 2(4.9) 1(2.4) 0.24 0.63
TOTAL 52 25

Table 4: ECG findings in the cases with heart failure

Age Sex PCV (%) ECG findings
(years)
2.5 F 41.6 Tachycardia, Left atrial enlargement
(LAE), prolonged PR interval
3 M 33 Tachycardia, LAE, Prolonged QTc (0.49s)
7 M 26 Tachycardia

Table 4 shows the ECG findings in three children (7.3%) with Lassa fever and in heart failure. The two males in this group were below 8 years
of age and all had ECG abnormalities. All three children (100%) had tachycardia, 2(66.6%) had LAE and 1(33.3%) had prolonged QTc.

Six children (14.6%) in the study group were anaemic (PCV<33%) ! during the ECG assessment. Table 5 shows the age, sex and ECG findings
in these children. Four (66.7%) of the patients in this group were males and of which 2(50%) were less than 8years. One child (16.7%) had a
normal ECG while 3 children (50%) had prolonged QTc. One of the children with prolonged QTc had sickle cell anaemia. Two patients

(33.3%) had tachycardia.

Table 5: ECG findings in Lassa fever cases with anaemia

Age Sex PCV (%) | ECG findings

(years)

7 M 26 Tachycardia

7 M 271.2 Prolonged QTc (SCA)

7 F 32 Normal

14 M 32 Bradycardia ,Prolonged QTc

15 F 28 Tachycardia, Left atrial enlargement
15 M 32.2 Prolonged QTc, Prolonged PR interval

There was no mortality recorded among the children who were recruited for this study.

SCA- Sickle cell anaemia
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DISCUSSION

Electrocardiographic changes due to myocardial injury have been reported in Lassa fever 8and other viral infections.'24 17- 18 This study was
aimed at documenting the ECG changes in children with Lassa fever as seen in our center. The study showed that children with Lassa fever had
a statistically higher prevalence of ECG abnormalities (78.1% vs 36.6%, p-0.008) than the controls. Cummins et al® had earlier reported a
frequency of 70% in patients with Lassa fever which is similar to the finding in this study though the patients in their study were mainly adults.
The commonest ECG abnormalities found in the Lassa fever cases in this study were arrhythmias (31.7%) (Tachycardia (22%), bradycardia
(9.8%), prolonged QTc (29.3%) and ST segment/T wave changes (22%). In patients with Covid-19 infection the predominant ECG findings
were arrhythmia (36.5%) (Tachycardia (23.8%), bradycardia (12.7%), long QTc (8.3%) and ST segment/T wave changes (32.4%).® A study
in children with dengue fever by Siddappa et al showed a preponderance of arrhythmia (30%) (Tachycardia (25%), bradycardia (5%) and T
wave changes (17%). 49 1t is interesting to note that these are similar to the common changes found in this study. It could be that viraemia
generally causes similar ECG changes in affected persons.

The specific ECG abnormalities in the cases and controls were similar, though more cases than controls had sinus tachycardia (22% vs17.1%),
sinus bradycardia (9.8% vs 0%), aberrant ventricular complexes (14.6% vs7.3%), T-wave abnormalities (17.1% vs 4.9%), left (9.8% vs 4.8%)
and right (4.9% vs 0%) atrial enlargements. The differences were, however, not statistically significant.

Electrocardiographic abnormalities were observed more in the males (84%) especially in those less than 8 years (100%). The high frequency of
abnormalities among the younger males with Lassa fever in this study may be due to the presence of other clinical features in the patients like
sickle cell anaemia, anaemia from other causes and congestive cardiac failure. Increased ECG abnormalities have been reported in children with
these conditions. 12

Three (7.3%) children in the study were in heart failure. Two (66.7%) of these children were males and less than 8years. The abnormalities
observed were tachycardia (100%), LAE (66.6%) and prolonged QTc (33.3%).

Six (14.6%) children with Lassa fever had anemia. Two (66.7%) of the three children less than 8 years in this group were males. The
abnormalities found in the anaemic children were prolonged QTc (50%) and tachycardia (33.3%). These findings are similar to those reported
by Odike et al in children with sickle cell anaemia and anaemia from other causes. 1*>?° These clinical conditions may account for the increase
in ECG abnormalities in the cases with Lassa fever.

Nine cases (21.9%) in the study had normal ECGs. This is similar to what was reported by Cummins et al (25%).

Electrocardiography can be used as an initial screening tool for myocarditis. The most frequent ECG findings in myocarditis are tachycardia,
followed by ST/T wave changes.?* Tachycardia was recorded in 9(22%) patients and ST segment/T wave changes in 9(22%) patients .
Myocarditis has been reported to occur in patients with Lassa fever.??A previous study 8 in Lassa fever patients aged 15-70 years reported a
preponderance of non specific ST segment and/or T wave changes (69%), which is higher than was reported in this study. This may be due
older age group used in their study.

Long QTc was noted in 29.3% of the patients and this was significantly higher than was seen in the controls (X2=6.97, p=0.008). It is known to
occur in acute myocarditis.?®?* It can be used to prognosticate the outcome in patients with acute myocarditis. It is believed to be associated
with increased risk of fulminant disease and in-hospital mortality.?>% Identification of a long QTc interval is very important because it
represents a well-known potential arrhythmogenic trigger.?* Kaliyaperumal et al reported higher mortality in Covid-19 patients with QTc
prolongation and tachycardia. ** The 12 patients in this study with Long QTc all recovered from the disease.

Bradycardia was present in 4 (9.8%) of the cases in this study. Bradycardia has been reported in pericarditis?®, dengue fever,”® Lassa fever?’?8
and Covid -19 infection.?® Bradycardia has also been documented with the use of Ribavirin, which is the drug of choice in the treatment of
Lassa fever3 The 4 patients with bradycardia had no clinical manifestation of pericarditis but were on intravenous ribavirin. The only child in
the study with a pericardial rub did not have bradycardia, but had anemic and heart failure. The only ECG abnormality he had was tachycardia.
In this study 14.6% of cases had conduction delay/aberrant ventricular complexes (14.6%), conduction delay/ aberrant ventricular conduction
(AVC) are most commonly caused by bundle branch block and ventricular hypertrophy.3! Two patients (4.9%) with AVC in this study had right
ventricular hypertrophy (RVH).

Atrial enlargement was recorded in the children with Lassa fever (12.2%) and the most frequent was left atrial enlargement (9.8%). These
enlargements have been reported in myocarditis, including atrial myocarditis.3? Atrial enlargement was also reported in 6% of the Lassa fever
cases by Cummins et al, the left and right atria equally affected (3%).8

Prolonged PR interval was recorded in two (4.9%) patients. This has been reported in other viral infections. 225 It may occur in ischemic heart
disease, inflammatory and infiltrative diseases.® In this study, equal number of patients and controls had prolonged PR interval. It must be
noted that the controls in this study were children on admission for febrile illnesses. The clinical conditions in these controls may also affect
their ECG patterns.

One patient (1.9%) in this study and in the study by Cummins et al (3%) had a U waves. & This can be seen in hypokalamia and bradycardia. 3
The child with the U wave in this study had neither hypokalamia nor bradycardia.

In conclusion, this study shows that ECG abnormalities are common in children with Lassa fever and the commonest abnormalities are
arrhythmias and long QTc.

We recommend that the simple, non-invasive, bed side test like the ECG be used to monitor patients for cardiac manifestations of Lassa fever
for necessary intervention.
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