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We describe a vaccinated lung transplant recipient who experi-
enced a fatal outcome associated with coronavirus disease 2019 
(COVID-19). Tocilizumab was administered. The patient ex-
hibited clinical and radiographic evidence of colitis during the 
course of multiple secondary infections. This report emphasizes 
the need for more conservative precautions to prevent COVID-
19 infection in transplant recipients.
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In a scientific triumph, the unprecedented efficacy of novel vac-
cination strategies has afforded millions of Americans a robust 
level of protection against coronavirus disease 2019 (COVID-
19) and its multifarious complications. Unfortunately, whereas 
adverse outcomes attributed to COVID-19 in vaccinated mem-
bers of the immunocompetent majority are uncommon, the 
risk of hospitalization and death remains tangible for patients 
with immunocompromising conditions.

CASE REPORT

In March 2021, a patient in their 60s who underwent lung 
transplantation >5 years prior received the Ad26.CoV2.S vac-
cine. The patient had excellent allograft function, no history of 

recent rejection, and was maintained on stable doses of predni-
sone, tacrolimus, and delayed-release mycophenolate at the time 
of vaccination. Sixty-two days later, the patient developed fever, 
cough, and dyspnea. Social history was significant for work at a 
correctional facility associated with >250 cases of COVID-19. 
Admission occurred on day 5 of illness. Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) polymerase chain 
reaction (PCR) was positive. Sequencing identified the B.1.1.7 
(Alpha) variant. Chest radiograph demonstrated diffuse pul-
monary infiltrates. Providers discontinued mycophenolate and 
prednisone on admission. Despite prompt treatment with dex-
amethasone and remdesivir, the patient required intubation 3 
days after admission and received tocilizumab at that time. After 
experiencing a series of complications including severe hypox-
emia and renal dysfunction requiring dialysis, the patient devel-
oped progressively worsening shock on day 16 of illness. Empiric 
vancomycin and aztreonam were initiated in the setting of a 
listed penicillin allergy. The patient progressed to require nearly 
maximal vasopressor support and supplemental oxygen delivery, 
and the infectious disease team was consulted. Documentation 
suggested prior carbapenem tolerance, and the patient was 
transitioned to meropenem, vancomycin, micafungin, and 
voriconazole. The patient’s vasopressor requirement improved 
dramatically over the course of several hours. Computed tomog-
raphy (CT) of the chest on day 17 of illness demonstrated diffuse 
pulmonary infiltrates with a ground-glass predominance and 
coalescent consolidations (Figure 1A). Simultaneous CT of the 
abdomen demonstrated significant thickening of the sigmoid 
colon (Figure 1B). Despite initial clinical improvement with em-
piric antimicrobials, the patient sustained a fatal cardiac arrest 
on day 17 of illness. Purulent secretions from a tracheal aspi-
rate subsequently grew mucoid Pseudomonas aeruginosa and 
Candida albicans. Blood cultures grew Clostridium innocuum 
and C albicans. Serum cytomegalovirus (CMV) PCR resulted at 
267 IU/mL. Stool PCR for Clostridioides difficile was negative. 
Qualitative SARS-CoV-2 anti-spike immunoglobulin G (IgG) 
obtained on day 16 of illness was positive. Semi-quantitative 
SARS-CoV-2 anti-spike IgG obtained on day 17 of illness was 
positive, detected at a concentration of 70.4 U/mL. The patient 
died before nucleocapsid IgG testing was performed.

DISCUSSION

Similar to the diminished responses observed with other vac-
cines after transplant, a growing body of literature strongly 
suggests that immunosuppression may significantly impact the 
immunogenicity of COVID-19 vaccines [1–3]. A minority of 
lung transplant recipients mounted a detectable humoral re-
sponse to vaccination in multiple studies [2]. In a particularly 
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concerning recent publication, zero of 21 lung transplant re-
cipients assessed 4–6 weeks after receiving a second dose of 
the BNT162b2 vaccine exhibited detectable anti-spike IgG [4]. 
Compared with messenger RNA (mRNA)–based strategies, the 
single dose of the Ad26.COV2.S vaccine may be associated with 
a lower seroconversion rate in solid organ transplant (SOT) re-
cipients [3]. Other risk factors including recent transplantation, 
corticosteroid use, mycophenolate use, triple immunosuppres-
sion, lymphopenia, and advanced age have also been associated 
with a suboptimal humoral response to COVID-19 vaccination 
in transplant recipients [2]. In contrast to the suboptimal se-
roconversion rates observed in lung transplant recipients after 
vaccination, convalescence after natural infection has been as-
sociated with an anti-spike IgG seroconversion rate of 85% in 
this population [4]. The reasons for this observed discordance, 
whether related to differences in the timing of antibody assess-
ment after vaccination or infection, recovered patients repre-
senting a population enriched with more immunologically fit 
hosts, or true differences in the ability of virus and vaccine in 
eliciting a humoral response, have not been elucidated.

Suboptimal vaccine immunogenicity may predispose to in-
creased rates of adverse outcomes in SOT recipients. In a re-
cent series describing outcomes in transplant recipients who 
contracted COVID-19 after vaccination, 1 of 7 patients exhib-
ited detectable anti-spike antibodies. Five of 7 patients required 
admission, a rate of hospitalization substantially higher than 
would be expected in immunocompetent hosts [5]. In another 
recent series describing 55 vaccinated SOT recipients, 27% 
required hospitalization, >10% required admission to the in-
tensive care unit, and >5% died. A single patient in this series 
exhibited detectable anti-spike IgG prior to COVID-19 infec-
tion [6].

While studies like these demonstrate a substantial risk 
of adverse outcomes in SOT recipients despite vaccination, 
less clear is an optimal, standardized strategy to assess the 

immunogenicity of vaccination and correlate immunogenicity 
with vaccine efficacy in this population. In the general popula-
tion, mean neutralizing antibody titers after vaccination appear 
to correlate with protection from symptomatic infection [7]. 
However, the humoral response is not the only factor involved 
in patient outcomes. Patients with genetic defects resulting in 
the complete absence of B-cell function have recovered from 
infection [8]. Recent high-quality data suggest that convales-
cent plasma administered to patients at risk for adverse out-
comes does not appear to prevent the progression of disease [9]. 
Monoclonal antibody therapy administered to ambulatory pa-
tients within 7 days of symptom onset appears to confer clinical 
benefit, but small numbers of immunocompromised hosts in 
some studies limit direct extrapolation to the transplant popu-
lation [10]. Vaccination in lung transplant recipients has been 
shown to elicit detectable responses in CD4 and CD8 T-cells 
despite the absence of a detectable humoral response, but the 
clinical utility of T-cell assays in predicting vaccine efficacy has 
not been defined [2].

In this case, a transplant recipient experienced a fatal out-
come despite the qualitative detection of anti-spike IgG related 
to vaccination and/or the response to COVID-19 infection. 
Whereas qualitative antibody detection may not correlate with 
outcomes, high absolute antibody levels generated during the 
course of infection correlate more strongly with decay in viral 
load and decreased mortality [11]. Furthermore, a rapid hu-
moral response may also correlate with a lower risk of mortality 
[12]. Suboptimal vaccine response, rapid decline in immunity 
after vaccination, and a delayed, less robust response to infec-
tion are all factors that may have contributed to this patient’s 
severe disease. The clinical significance of absolute anti-spike 
IgG levels identified in the transplant population may be more 
challenging to ascertain without the availability of a standard-
ized assay allowing providers to correlate immunogenicity with 
vaccine efficacy.
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Figure 1.  A, Computed tomographic (CT) scan of the thorax demonstrating diffuse pulmonary infiltrates with ground-glass predominance and associated consolidations. B, 
CT scan of the abdomen with arrow indicating region of significant thickening along the sigmoid colon.
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In an effort to address the suboptimal response to vaccination 
observed in immunocompromised hosts, the Centers for Disease 
Control and Prevention recently recommended that SOT recipi-
ents who previously received 2 doses of either the BNT162b2 or 
mRNA-1273 vaccine should receive a third dose [13]. Compared 
to a 2-dose schedule, the administration of 3 doses of the 
BNT162b2 vaccine in high-risk patients has been associated with 
decreased rates of infection including severe illness [14]. In SOT 
recipients, the administration of 3 doses of the mRNA-1273 vac-
cine appears to result in enhanced humoral and T-cell responses 
[15]. Based on recent data demonstrating improved immunoge-
nicity and high efficacy after repeat dosing, forthcoming guide-
lines may recommend that immunocompromised hosts receive a 
second dose of the Ad26.COV2.S vaccine [16].

Finally, this case underscores the risk of secondary infections 
in immunocompromised patients afflicted with COVID-19. This 
patient’s duration of intubation predisposed to pneumonia related 
to Pseudomonas aeruginosa. This pathogen is more frequently 
isolated from lung transplant recipients [17]. In cases of defini-
tively proven secondary bacterial pneumonia occurring during 
the course of severe COVID-19 infection, P aeruginosa is com-
monly identified [18]. The simultaneous isolation of both Candida 
and Clostridium species from blood suggested a polymicrobial 
source of infection in this case. These pathogens often associated 
with abdominal infection correlated with the marked bowel pa-
thology observed on imaging. Intestinal complications including 
perforation have been associated with COVID-19 infection [19]. 
Though profound shock may have contributed to the bowel pa-
thology noted in this case, the most prominently affected portion 
of the bowel appeared proximal to Sudeck’s point, a site classically 
associated with watershed ischemia [20]. Serum CMV viral loads 
may not always correlate well with invasive gastrointestinal dis-
ease, but it is more likely that the low level identified in this case 
represented nonspecific, mild reactivation in the setting of critical 
illness. This finding highlights the importance of carefully moni-
toring for CMV reactivation at weekly intervals in SOT recipi-
ents receiving augmented immunosuppression [21]. Interleukin 
6 (IL-6) antagonism has been associated with intestinal pathology 
including perforation both in patients with rheumatologic condi-
tions and those with COVID-19 [22, 23]. Clinical symptoms in 
this scenario may be muted and atypical. Although tocilizumab 
administration may have a role in the treatment of severe COVID-
19, multiple prominent studies assessing the efficacy of this inter-
vention have excluded transplant recipients from enrollment [24, 
25]. In the absence of more substantive studies assessing the role of 
biologic therapy in immunocompromised hosts, providers should 
exercise caution when considering agents such as tocilizumab in 
transplant recipients. Clinicians should have a lower threshold to 
evaluate for intra-abdominal pathology in patients with COVID-
19 experiencing clinical decompensation, especially in hosts 
with immunocompromising conditions and those receiving IL-6 
antagonists.

In light of recent trends in the spread of the B.1.617.2 (Delta) 
variant as well as novel variants that may represent the end re-
sult of recombination events, this work emphasizes the ongoing 
importance of more conservative precautions to avoid COVID-
19 infection in transplant recipients [26].
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