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A maintenance hemodialysis patient i

complicated with hypogammaglobulinemia
presenting typical COVID-19 pneumonia CT
findings: a case report

Ryoichi Miyazaki", Kyoko Miyagi' and Sun Hirayama'

Abstract

Background With the widespread use of the vaccine and the predominance of the Omicron strain, the number
of patients presenting with typical coronavirus-infection disease 2019 (COVID-19) pneumonia on computed tomogra-
phy (CT) has decreased dramatically. This has also been true for hemodialysis patients.

Case report A 72-year-old female maintenance hemodialysis patient with hypogammaglobulinemia was diagnosed
with COVID-19 based on a nasopharyngeal swab severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2)
polymerase chain reaction (PCR) test. She had previously received five doses of COVID-19 BNT162b2 vaccine. Initially,
the patient had only a slight fever, mild sore throat and sputum, and molnupiravir 1600 mg/day was administered

for 5 days. No high fever was observed during that period. On day 11 after diagnosis, bloody sputum was observed,
and by day 13 the cough had worsened and her CRP level had increased to 13.10 mg/dL. Chest CT performed

on the same day showed multiple subpleural ground-glass-like shadows typical of COVID-19 pneumonia predomi-
nantly in the right lung. She was immediately admitted to the hospital, where her temperature rose to 38.4 °C. Intrave-
nous remdesivir 100 mg/day was administered for 5 days. This resolved her fever and the bloody sputum disappeared.
She was discharged from the hospital without sequelae on the 21st day after diagnosis.

Conclusion We experienced a case of typical COVID-19 pneumonia in a patient on maintenance hemodialysis

who had received five doses of COVID-19 BNT162b2 vaccine. There was a flare-up of symptoms after administration
of molnupiravir, suggesting that a hypogammaglobulinemia complication was involved. This highlights the need

for attention to its potential transition to severe disease when patients with hypogammaglobulinemia or other highly
immunocompromised conditions are affected by COVID-19.
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Background

Until the Omicron strain became prevalent, the inci-

dence of severe pneumonia among COVID-19 patients

was high. This was especially true for hemodialysis
*Correspondence: patients, who experienced more severe illness and much
Ryo_ichh_i Miyazaki higher mortality due to COVID-19 than the general
:yglecpalr@t)rnr:gre]:sf?gtpemal Medicine, Fujita Memorial Hospital, population [1, 2]. The reason for this is that humoral and
Fukui 910-0004, Japan cellular immunity is impaired in hemodialysis patients

[3]. However, with the advent of COVID-19 vaccine and
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the increased prevalence of the Omicron strain [4], the
rate of severe cases and the number of cases decreased
[5-7]. And typical COVID-19 pneumonia on CT has also
decreased markedly, even among hemodialysis patients
[8]. In this report, we describe the case of a patient on
maintenance hemodialysis with hypogammaglobuline-
mia who showed typical pneumonia on CT, despite five
COVID-19 vaccinations.

Case report

On May, 2023, a 72-year-old woman with a slight fever
(37.0 °C; her usual temperature was 36.2-36.5 °C) and
sputum came to our hospital. A nasopharyngeal swab
SARS-CoV-2 PCR test was positive with a cycle threshold
(Ct) value of 39/45, and COVID-19 was diagnosed. Her
eldest son, who lived with her, had been diagnosed with
COVID-19 the day before. She was administered mol-
nupiravir 1,600 mg/day orally for 5 days and eprazinone
hydrochloride 90 mg/day and ambroxol hydrochloride
45 mg/day orally for 13 days. In 1995, this patient was
diagnosed with IgA nephropathy based on the results
of a renal biopsy at another hospital following detection
of proteinuria and microscopic hematuria. In 2002, she
began continuous ambulatory peritoneal dialysis (CAPD)
at our hospital. However, due to a refractory exit infec-
tion she was shifted to hemodialysis in 2005 and has
recently been stabilized on intermittent infusion hemodi-
afiltration (I-HDF) three times a week. Although she had
received five doses of BNT162b2 vaccine, her anti-spike
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antibody levels 2 weeks after vaccination were very low:
0 AU/mL, 0 AU/mL, 0 AU/mL, 302 AU/mL and 516 AU/
mlL after the 2nd, 3rd, 4th and 5th vaccinations, respec-
tively (Fig. 1). Her last the fifth vaccinations were admin-
istered on December, 2022. A search for the cause of
these low anti-spike antibody levels revealed hypogam-
maglobulinemia (IgG 539 mg/dL, IgM mg/dL14, IgA
42 mg/dL). The patient had no previous history of hos-
pitalization for infectious diseases; moreover, none of her
usual medications, which included fonoprazan fumarate
10 mg/day, montelukast sodium 10 mg/day, amiodarone
hydrochloride 100 mg/day, ferrous sodium citrate 50 mg/
day, mosapride citrate hydrate 15 mg/day, BIO-THREE
6 tabs/day, acetaminophen 600 mg/day and droxidopa
400 mg/before every hemodialysis, were thought to cause
hypogammaglobulinemia. After contracting COVID-
19, the patient’s predialysis temperature was initially
not elevated (35.7-36.6 °C), though she had a cough
and sputum. However, by the 10th day after diagnosis of
COVID-19, bloody sputum was observed. On the 13th
day after diagnosis, CRP was elevated at 10.92 mg/dL at
the start of dialysis, and the patient was hospitalized fol-
lowing her dialysis. Physical examination on admission
revealed a body temperature of 38.4 °C, blood pressure of
149/92 mmHg, pulse of 86 beats/minute, respiratory rate
of 23 breaths/minute and an oxygen saturation of 96%
while the patient was breathing ambient air. Upon lung
auscultation, a pronounced coarse crackle was heard in
the right lower lung field. Subsequent chest CT revealed
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Fig. 1 Changes in anti-SARS-CoV-2 spike IgG antibody titer. Anti-spike antibody titers were measured 2 weeks after vaccination. The numbers
in the figure indicate the real anti-SARS-CoV-2 spike IgG antibody titer. Abbreviation: V, vaccination
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extensive ground-glass opacification consistent with
right-dominant, COVID-19-related pneumonia (Fig. 2).
At the time of admission, a nasopharyngeal swab SARS-
CoV-2 PCR test was positive with a Ct of 27/45, which
was considered to indicate a higher viral load than when
first diagnosed 13 days prior. At the same time, labora-
tory results showed a white blood cell count of 4,600/
mm? but a low lymphocyte count of 697 mm?. CRP was
elevated at 13.1 mg/dL but LDH was not elevated. With-
out oxygenation, PO2 was as low as 76.6 mmHg, but
there was no complaint of breathlessness. BNP was his-
torically high (516-967 pg/mL) due to the patient’s car-
diac hypertrophy but was even higher (1,299 pg/mL) at
the time of admission. D-dimer was also high at 2,040 ng/
mL.
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In the hospital, the patient was treated with remdesivir
100 mg IV for 5 days without a loading dose. In addition,
5 g of gammaglobulin preparation was administered for
3 days and 1 g of ceftriaxone was administered for 5 days
as secondary infection prophylaxis (Fig. 3). The anticoag-
ulant during hemodialysis was changed three times from
the previously used parnaparin to nafamostat. On hospi-
tal day 8 (day 20 after diagnosis), a second CT showed a
mixed picture of pneumonia with both mild and worsen-
ing lesions and a mixture of old and new lesions (Fig. 4).
The patient was discharged on day 21 after diagnosis,
although she continued to have a mild cough. At dis-
charge, PO2 had normalized to 82.5 mmHg and BNP
had decreased to 700 pg/mL. Although some myocardial
damage due to COVID-19 was observed in this patient,

Fig. 2 CTimage at admission. a Subpleural ground-glass shadow is seen in the right upper lung field. b More extensive ground-glass shadows are

seen in the right middle lung field
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Fig. 3 Clinical course. Red line indicated BT changes. Blue line indicated CRP changes. Abbreviation: BT, bodily temperature; CRP, C-reactive protein
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Fig.4 Admission 8 day chest CT. a The lesions in the upper lung field showed a mixture of improving and worsening lesions compared
to the onset of disease. b The lesion was in the middle lung field, similar to the lesion in the upper lung field

the rapid recovery suggested that the myocardial damage
was mild. Klebsiella oxytoca was detected in her sputum
at 1(+), with good sensitivity to ceftriaxone. However,
based on chest CT images and the clinical course of the
patient, Klebsiella oxytoca was considered unlikely to
be the causative agent of the pneumonia. A pulmonary
blood flow scan on the 15th day of discharge was normal
with no evidence of a pulmonary embolism (Fig. 5), and
venous ultrasound of the lower extremities showed no
evidence of deep vein thrombosis in the lower extremi-
ties. Immunoglobulins were all low (IgG, 567 mg/dL;
IgM, 15 mg/dL; and IgA, 39 mg/dL). CD4 and CD8 were
normal, but CD19 and CD20 were very low (Table 1). The
patient was then seen by a hematologist at a public hos-
pital. Based on the absence of abnormalities detected in
a bone marrow puncture and chromosome examination,
the patient’s hypogammaglobulinemia was diagnosed as
common variable immunodeficiency (CVID). Figure 1
shows the changes in the patient’s anti-SARS-CoV-2

spike IgG antibody titer. Anti-SARS-CoV-2 spike IgG
antibody was undetectable after the first three doses of
the original COVID-19 BNT162b2 vaccine. With two
additional doses of COVID-19 BNT162b2 bivalent vac-
cine, the antibody titers were detectable but low. The
antibody titer on admission was only 307 AU/mL. How-
ever, by the 17th day after admission, the antibody titer
had marked increased to 37,000 AU/mL. Table 2 pre-
sents 43 similar COVID-19 breakthrough infection
cases after mRNA vaccination among our hemodialysis
patients. The median age of the patients was 70 years,
43 males and 11 females, the median dialysis history was
68 months, and the primary disease was DM in 14 cases.
The median number of vaccinations before the onset of
COVID-19 was 3.8, the median number of days after vac-
cination was 160 days, and the median antibody titer was
14,500 AU/mL just before the onset of the disease. The
spread of disease despite high antibody titers suggests
that days had passed since vaccination or that the vaccine

Fig. 5 Pulmonary blood flow scan on admission day 24. a Scanning frontal image. b Scanning of the rear image
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Table 1 Results of blood panel on admission

WBC 4600/uL
Lymphocytes 697/uL

RBC 4,250,000/uL
Hb 123 g/dL

Ht 38.5%

PLT 156,000/l
CRP 13.10 md/dL
BUN 80.45 mg/dL
Cr 7.37 mg/dL
AST 15 U/L

ALT 8 U/L

LDH 197 1U/L
ALP 69 1U/L
YGTP 12 1U/L

CPK 97 IU/L

Na 132 mEg/L
cl 96 mEq/L

K 5.0 mEg/L
PO2 (at room air.) 76.6 mEq/L
PCO2 (at room air.) 38.4 mEg/L
HCO3~ 19.1 mEg/L
BNP 2,040 pg/mL
KL-6 376 U/mL
I9G 567 mg/dL
IgM 15 mg/dL
IgA 39 mg/dL
CDb4 66.6%

(@b} 21.3%

cb19 0.4%

CD20 0.5%

Table 2 COVID-19 breakthrough infection after mRNA CVID-19
vaccination in hemodialysis patients (n=42)

Age 69.0 [54.3-74.0]
Male/female 31:11
Hemodialysis vintage (month) 68 [23-119]
DM: non-DM 14:28

Number of vaccinations 3.8[3-5]

Days after last vaccination 160 [97-206]

Ant-SARS-Cov2 IgG antibody 14,500 [5126-29,250]1U/mL
Typical COVID-19 pneumonia findings + - %41

Results are shown as the median [interquartile range] for continuous variables
" Present case
Abbreviation: DM, diabetes mellitus

type had not kept pace with the mutation of the SARS-
CoV-2 virus. The occurrence of COVID-19 breakthrough
infection despite high antibody titers suggests that either
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days had passed after vaccination or the vaccine type
had not caught up with the mutation of the SARS-CoV-2
virus.

Discussion
The Omicron variant of SARS-CoV-2 has a higher rate of
transmission than the earlier variants, which has led to
its reported predominance in at least one study in every
country where it was tested [4]. Fortunately, the risk of
serious outcomes after SARS-CoV-2 infection is substan-
tially lower for Omicron than for Delta and other variants
[5—7]. The reason for the lower virulence of the Omicron
strain is reportedly related to the finding that this virus
multiplies primarily in the upper airway mucosa rather
than in the lungs, possibly because interferon production
in the airway mucosa inhibits replication of this strain
in the lungs [9, 10]. Consequently, Omicron efficiently
infects human airways but not the alveolar epithelium.
Even with Omicron, however, there are reports of severe
COVID-19 cases among hemodialysis patients [11, 12].
Following infection by the earlier SARS-CoV2 variants,
chest CT is abnormal, even in asymptomatic patients,
and localized unilateral subpleural ground-glass opacities
became more diffuse and bilateral within 1-3 weeks [13,
14]. However, Tsakok MT et al. and Han et al. found that
the Omicron variant showed less lung injury on CT than
the original or Delta variant [8, 15]. In addition, Crombé
et al. reported that both the Omicron variant and vacci-
nation were associated with fewer typical chest CT mani-
festations of COVID-19 and lesser disease severity [16].
By contrast, our patient showed typical COVID-19 pneu-
monia on CT, even after five doses of BNT162b2 vaccine
during the Omicron epidemic. However, this case was
complicated by hypogammaglobulinemia, which led to a
very low anti-SARS-CoV-2 spike antibody titer, even after
five vaccinations (Fig. 1). We think that this hypogam-
maglobulinemia accounts for the COVID-19 pneumonia
detected on this patient’s CT. The cause of hypogamma-
globulinemia was clinically diagnosed as CVID based
on of the very mild elevation of anti-SARS-CoV-2 spike
antibody after BNT162b2 vaccination. Consistent with
that diagnosis, bone marrow puncture and genetic test-
ing were normal, and drug involvement was unlikely [17].
Although there are few reports of CVID among COVID
cases, it is known to be severe when it occurs [18, 19]. This
patient showed markedly reduced CD19 and CD20 levels,
which is similar to the status following rituximab admin-
istration. Patients on rituximab are known to be severely
affected by COVID-19 and to show a poor antibody
response after COVID-19 vaccination [20-23]. On admis-
sion of this patient, we also detected elevated blood levels
of D-dimer, which is reportedly a marker of poor prognosis
in COVID-19 patients not on hemodialysis [24]. However,
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D-dimer is said to be elevated in hemodialysis patients
even in the absence of thrombosis [25], and its elevated
level should be interpreted with caution. In the present
case, there was no obvious evidence of thrombosis, and
D-dimer levels decreased over time to a normal value (data
not shown).

As mentioned, this patient received 100 mg of remdesi-
vir intravenously without a loading dose for 5 days. There is
a paucity of randomized controlled trials on the safety and
efficacy of remdesivir in patients with renal impairment
having GFR< 30 mL/min due to devastating complications
related to the prolonged half-life of the drug itself and its
vehicle sulfobutylether-B-cyclodextrin (SBECD) [26]. That
said, there have been reports of the use of remdesivir to
treat COVID-19 in hemodialysis patients, though the doses
varied [27-29].

Conclusion

We report the case of a maintenance hemodialysis patient
complicated with hypogammaglobulinemia presenting
with typical COVID-19 pneumonia CT findings. Even with
the Omicron variant, COVID-19 can be severe in hemo-
dialysis patients with complications such as hypogamma-
globulinemia. It therefore requires careful attention.
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