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Abstract

Background. Coronavirus disease 2019 (COVID- 19) has an important impact on the kidney through direct and indirect damage 
mechanisms. Most previous studies have highlighted lesions caused by this virus in the early segments of the nephron. 
However, due to the antigenic characteristics of the virus, with almost ubiquitous receptors, and the molecular release it trig-
gers, the distal segments of the nephron could also be affected.

Methods. A 71 year- old- man with respiratory failure while suffering from severe acute respiratory syndrome coronavirus 2 
(SARS- CoV- 2) pneumonia presented with typical symptoms of diabetes insipidus after ~20 days of hospitalization. The water 
deprivation test led to the diagnosis of nephrogenic diabetes insipidus. The aetiological study was complex, in particular 
because of the patient’s previous lithium therapy.

Results. The sequence of pathognomonic events typical of diabetes insipidus associated with anamnestic, clinical and labo-
ratory evidence strongly supported the diagnosis of nephrogenic diabetes insipidus due to SARS- CoV- 2 rather than other 
aetiologies.

Conclusions. The collecting duct could represent a target for SARS- CoV- 2 infection, directly or indirectly, as a result of lesions 
of upstream portions of the nephron, which would cascade into the distal segment. Other molecules, besides angiotensin 2 
converting enzyme, might be involved in facilitating the viral aggression. The complexity of the geriatric patient shows the 
importance of a comprehensive approach that integrates careful monitoring of clinical signs and symptoms and laboratory and 
instrumental tests. This is especially important in the context of SARS- CoV- 2 infection and in the management of its unexpected 
complications.

DATA SUMMARY
No data were required for the work to be reproduced.

INTRODUCTION
Since the end of 2019, severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) has been responsible for a global health 
emergency, with millions of infections worldwide. Globally, since the beginning of the pandemic, there have been 772166517 
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confirmed cases with 6981263 deaths (update: 22 November 2023) [1], of which 26577519 (192279 deaths) were in Italy (update: 
22 November 2023) [2].

Although the respiratory system is the main target of the virus, several organs and apparatuses can be involved, resulting in 
multiorgan dysfunction [3–5], mainly due to the syndrome from cytokine release [6, 7]. Several cases of SARS- CoV- 2- associated 
acute renal injury were reported [8, 9]. They were linked to direct and indirect mechanisms, including binding of the virus to 
the angiotensin 2 converting enzyme (ACE2) or other receptors, such as transmembrane serine protease type 2 (TMPRSS2), 
cathepsin L (CTLS) and cluster of differentiation 147 (CD147), as well as imbalance in the renin–angiotensin–aldosterone system 
(RAAS), cytokine activation and thrombotic events [9].

So far, evidence suggests that coronavirus disease 2019 (COVID- 19)- related nephropathy predominantly involves the proximal 
nephron tract. Involvement of the distal segment resulting in nephrogenic diabetes insipidus (NDI) seems unusual, since it has 
been reported exclusively in intensive care units, with the concomitant use of sevoflurane [10]. However, this finding suggests the 
expansion of molecular analysis beyond the ACE2 – expressed mainly at the glomerular and tubule proximal level [9, 11] – consid-
ering other molecules present in several portions of renal tubulus potentially able to favour cell aggression by SARS- CoV- 2 [12].

Diabetes insipidus is characterized by the excretion of large urinary volumes (polyuria, described as urinary volume >2 l m−² 
24 h−1 [13]) with low osmolarity and low specific gravity, together with an intense thirst.

It may be caused either by a deficiency of antidiuretic hormone (ADH) secretion by the hypothalamus and posterior pituitary 
gland (central diabetes insipidus) or by a renal resistance to the activity of ADH (nephrogenic diabetes insipidus).

Another cause of polyuria with low osmolarity and low specific gravity is excessive intake of liquids (primary polydipsia).

The diagnosis is confirmed by means of the water deprivation test.

We present the case of a 71- year- old man who developed NDI associated with SARS- CoV- 2- related pneumonia during hospitaliza-
tion for respiratory failure (May 2021). To our knowledge this complication has not been previously documented in the literature.

METHODS
Premise
The patient’s medical history included chronic kidney failure class KDIGO 3 on the nephroangiosclerotic basis, arterial hyperten-
sion, peripheral vasculopathy of the lower limbs with occlusion of the left common iliac artery, chronic psychosis and chronic 
obstructive pulmonary disease in an active smoker. Two recent hospitalizations due to urinary infection (October 2020) and 
community- acquired pneumonia (January 2019) were reported, with secondary transient worsening of renal function in both 
cases.

There was no evidence of previous hospitalizations due to dehydration, except as a result of infective episodes. No recent head 
trauma was documented.

From the interview with the caregivers, no previous symptoms ascribable to diabetes insipidus (e.g. polydipsia) were reported; 
conversely, low spontaneous water intake was described. The previously performed blood tests did not show frank hypernatraemia.

Medications included acetylsalicylic acid 100 mg, silodosine 8 mg and risperidone 1 mg; lithium therapy had been discontinued 
2 years before, because of overdose with acute kidney failure.

In the emergency department
The patient was referred to the Emergency Department because of persistent fever and dysuria despite antibiotic treatment for 
a recent urinary tract infection. The RT- PCR analysis performed on nasopharyngeal swab showed positivity for SARS- CoV- 2. 
The patient received intravenous hydration and was transferred to a nursing home for clinical monitoring and treatment. Blood 
and urine test results and volume of fluids at admission and during hospital stay are shown in Table 1.

In the nursing home
Twenty hours later, at nursing home admission, he presented with lethargy, deteriorated cognitive status and dysphagia, normal 
oxygen saturation in ambient air and clear lungs on auscultation. The following day steroids (methylprednisolone 40 mg i.v.), 
prophylactic enoxaparine and low- flow oxygen therapy were initiated because of altered breath sounds and initial desaturation. 
Chest X- ray showed an uneven parenchymal thickening at right lung bottom and many radiopaque small spots bilaterally at 
midbase fields. Antibiotic therapy with amoxicillin/clavulanic acid and clarithromycin was initiated.

Meanwhile, renal function deteriorated despite infusion of 5% dextrose solution up to 100 ml h−1 after nephrology consultation, 
while 24 h diuresis was ~1500 ml.
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Given the need for closer monitoring of the hydro- electrolytic balance, the patient was transferred to the Geriatric Department 
after 8 days in the nursing home.

In the geriatric unit
At arrival, he was alert and able to execute simple orders. His blood pressure was 100/80 mmHg, heart rate 70 b.p.m., rhythmic 
and SpO2 96% with 4 l of oxygen. A bladder catheter was placed, revealing clear urine. Skin and mucous membranes were dry. The 
vesicular murmur was broadly reduced. The patient presented with seborrheic skin on the face, amimic facies, reduced muscular 
trophism and plastic hypertone to the four limbs, with trochlea particularly noticeable on the wrists, tremor resting on the left 
hand; lower and upper limbs Mingazzini test was negative. The electrocardiogram showed sinus rhythm, with QRS axis of +30°.

The blood tests showed: creatinine 2.89 mg dl−1, sodium 156 mEq l−1, potassium 4.32 mEq l−1, albumin 2.88 g dl−1, PCR 35.9 mg dl−1, 
d- dimer 1474 ng mLFEU−1, haemoglobin 11 g dl−1 and procalcitonin 0.29 ng ml−1.

Steroid therapy and enoxaparin were continued. The antibiotic was switched to piperacillin/tazobactam, adjusting the dose 
based on renal function, with a rapid clinical improvement of pneumonia. There were no clinical suspicions for either deep vein 
thrombosis or pulmonary embolism. Gas exchange was not suggestive of pulmonary embolism.

After stopping risperidone, the clinical picture of Parkinsonism improved, in particular the plastic hypertone and dysphagia, 
with recovery of swallowing ability. Further, the patient was progressively more reactive and showed greater ability to interact. 
The patient underwent physiotherapy, soon recovering autonomy in postural steps and walker- assisted gait.

The patient received hydration initially with 5% dextrose solution and then with Ringer’s acetate and finally with isolyte, adjusting 
the infusion rate on the basis of the calculated water deficit [14], with progressive improvement of renal function, with daily 
diuresis of about 2000 ml, serum creatinine 1.5 mg dl−1 and glomerular filtration rate (GFR) 44 ml min−1 according to Berlin 
Initiative Study- 1 (BIS1).

RESULTS
Surprisingly, the urinary volume, previously ~2000 ml/day, 18 days after admission increased to ~5000 ml/day, with a peak of 
7300 ml in 24 h on the 25th day, in the absence of diuretic therapy. Urine presented low specific gravity and hyposmolarity, 
while increased serum osmolarity and persistent serum hypernatraemia were observed. In particular, on the 23rd day urine 
osmolarity and specific gravity were 231 mOsm kg−1 and 1006 g l−1, respectively, while plasma osmolarity was 305 mOsm kg−1 and 
natremia 149 mEq l−1. A provisional diagnosis of diabetes insipidus was formulated. On the 26th day a water deprivation test was 
performed, which confirmed the diagnosis (Fig. 1 and Table 2). The lack of a significant increase in urine osmolarity (excluding 
the diagnosis of polydipsia) and the modest increase of urine osmolarity 1 and 2 h after i.v. administration of desmopressin 2 µg 
led us to conclude that this was the nephrogenic form. Therefore, water supplementation therapy was started with benefit. This 
diagnosis has been also supported by the fact that a few months later the patient was hospitalized again for hypovolemic shock 
from serious dehydration with a natremia equal to 181 mEq l−1.

In light of the result of the water deprivation test, the endocrinology was consulted. It confirmed the diagnosis of nephrogenic 
diabetes insipidus and recommended free access to water, calculating a water requirement of approximately 2.5 l per day and the 
introduction of thiazide (hydrochlorthiazide 25 mg 1 tablet) if hypernatraemia persisted.

Table 1. Laboratory data

In the emergency room During hospitalization (19th day) At transfer to non- COVID medicine
(44th day)

Urea (mg dl−1) 81 35 60

Creatinine (mg dl−1) 2.5 1.55 2.07

Sodium (mEq l−1) 147 151 143

Potassium (mEq l−1) 4.12 4.03 5.2

Plasma osmolarity (mOsm kg−1) – 305 292

Urine osmolarity (mOsm kg−1) – 231 172

Urine specific gravity (g l−1) – 1006 1008

Hydration (ml) – 1920 2500

Diuresis (ml) – 2300 2800
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DISCUSSION
The commonly reported complications associated with COVID- 19 include myocarditis, pericarditis, restrictive lung disease, 
thromboembolic events, total or partial loss of taste and smell, anxiety, depression, post- traumatic disorder, chronic fatigue and 
myalgia [15], as well as central diabetes insipidus [16]. However, at present, many complications of COVID- 19 are still unknown.

Here we describe for the first time the case of a patient who presented with NDI 2 weeks from the diagnosis of COVID- 19- related 
pneumonia. Although SARS- CoV- 2 infection could not be identified with certainty as the only cause of NDI, there are many 
reasons to suspect its active role in the aetiology of this condition.

Many studies have highlighted the involvement of the kidney in this disease, resulting in SARS- CoV- 2- related nephropathy. 
Different degrees of clinical manifestations were described, from alterations in urinary sediment (haematuria, proteinuria, 
hyperkaliuria), to severe forms of AKI requiring dialysis treatment [8, 9, 14]. In most cases, low- grade proteinuria – probably 
due to a tubular damage – was documented, although high proteinuria or albuminuria were uncommon, suggesting a glomerular 
problem [9].

Fig. 1. Time course of significant clinical and laboratory parameters during water deprivation test.

Table 2. Water deprivation test for differential diagnosis among polydipsia, central diabetes insipidus and nephrogenic diabetes insipidus

Time (h) Weight (kg) Diuresis (ml) Plasma osmolarity (mOsm 
kg−1)

Urinary osmolarity (mOsm 
kg−1)

Na + (mEq l−1) K + (mEq l−1)

0 54.5 0 284 210 135 5.06

2 53.9 500 285 211 136 4.8

3 53.65 120 287 214 139 5.2

4 53.45 150 285 229 138 5.45

5 53.4 250 286 234 136 5.41

6 53.05 200 286 233 137 5.68

7 52.8 200 289 241 136 5.87

8 52.35 170 287 250 136 5.85

9 Administration of 2 µg of desmopressin

10 – 210 287 275 136 5.69

11 51.95 80 287 347 137 5.3
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From a histopathological point of view, a post- mortem study on 26 patients who died from COVID- 19 described the presence of 
acute tubular damage in optical microscopy. Another study employing electron microscopy found the presence of viral particles 
both inside the renal tubule cells and in the glomerular podocytes of a single patient [11]. In addition, another autopsy study on 
six patients revealed the presence of viral particles in all examined kidney portions [12].

With regard to molecular analysis, a large expression of ACE2, TMPRSS2 and CTSL, considered entry doors for SARS- CoV- 2 in 
the cells, has been documented in different portions of renal tubules [17]. The presence of the transmembrane receptor CD147, 
which has recently been identified as a possible gateway for SARS- CoV- 2 to enter the cell through a specific spike protein, has 
also been found ubiquitously in the kidney [9, 18].

More precisely, ACE2 seems to be more expressed in the glomerulus and proximal tubule [9, 17], although it is also present in 
the collecting duct [19]; TMPRSS2 seems to be very represented in the distal portions of the renal tubule [8] and CD147 is more 
expressed in the proximal renal tubule, although detected in all portions [9].

A recent consensus has classified the direct and indirect possible mechanisms of SARS- CoV- 2- induced renal damage [20]. They 
highlight a multifactorial aetiology of this finding.

The direct mechanisms include both a cellular aggression due to the entry of the virus through the receptors described above and 
a reduction of ACE2 expression on cell membranes induced by the virus (through binding to the receptor itself) with consequent 
accumulation of angiotensin 2 and hyperactivation of RAAS; the latter phenomenon leads to a worsening of the inflammatory 
state, a tendency to fibrosis and vasoconstriction, a reduction in natriuresis and an increase in sodium reabsorption [9, 21] (Fig. 2).

A third direct mechanism is represented by overexpression and activation of many inflammatory cytokines, which can cause 
important dysfunctions in renal cells at the endothelial and tubular level; e.g. TNF-α, through its receptors in the tubule, can 
induce cellular apoptosis.

Finally, a further direct mechanism is the induction of dysfunctions in renal microcirculation, due to the prothrombotic state 
linked to the disease, as demonstrated by the finding of fibrin deposits in the glomerular loops. The hypothesis of the involvement 
of renal microcirculation in COVID- 19 is also supported by the finding of diffuse erythrocyte aggregation and obstruction in the 
lumen of glomerular and peritubular capillaries without platelets, red blood cell fragments, fibrin thrombi or fibrinoid necrosis.

Moreover, angiotensin II accumulation may promote an imbalanced RAAS activation, promoting vasoconstriction [22].

The indirect mechanisms of kidney damage are those related to the systemic effects of the virus or to the involvement of the kidney 
in virus- related damage to other organs. Some examples are fluid loss, due to hyperpyrexia or the gastrointestinal manifestations 

Fig. 2. Role of ACE2 in the RAAS.
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of COVID- 19, which can contribute to AKI; the use of nephrotoxic drugs for COVID- 19 treatment, such as some antibiotics; or 
the release into circulation of DAMPs by other damaged organs, such as the lung [20, 23].

It is therefore clear that, due to characteristics previously described in our patient, there are several pathogenetic mechanisms 
that may have led to the development of NDI.

In addition, it should be noted that our patient had previously undergone chronic lithium therapy, although this was stopped 
~2 years before due to the onset of AKI. Consequently, while discussing a possible SARS- CoV- 2- linked aetiology of NDI, 
the role played by lithium should also be considered. Notably, chronic use of lithium is one of the most frequent causes of 
NDI onset. In this case, drug- related damage can be mediated by various molecular mechanisms, which act in particular in 
the internal medullary area of the collecting duct [24], mainly by blocking at various levels the vasopressin receptor signal 
transduction cascade or through the reduction of its expression, leading to a reduced expression of AQP2 in the main cells 
of the collecting duct [24].

As indicated by several studies, NDI is usually a concomitant event with lithium intake, with few cases showing onset of NDI even 
after several years of drug suspension, mainly in the post- surgical setting [25] or in patients with limited access to hydration [26].

This appears to be due to a slow recovery of AQP2 gene expression after lithium suspension, a loss of the renal medullary osmotic 
gradient, or a lithium- induced interstitial nephritis resulting in persistent renal failure [25]. The disease, which had remained 
silent until that moment, would be revealed by a limitation on free access to water.

Our patient, unlike those mentioned above [25, 26], had free access to water, both before and during hospitalization. Furthermore, 
he had been widely hydrated during the hyperpyrexia phase.

It is worth noting that neither the patient nor his family members had reported the presence of polydipsia or hypernatremia before 
hospital admission and hypernatremia was not documented by previous laboratory data. In addition, during previous hospitaliza-
tions, serum sodium had never been significantly elevated, even during dehydration induced by pyrexia and inflammation.

Finally, polyuria was not evident during hospitalization in the intermediate care facility and in the first phase of hospitalization 
in our unit, as demonstrated by normal diuresis and water intake monitoring. We can therefore conclude that the NDI developed 
by our patient may be due to SARS- CoV- 2 viral infection, rather than to the previous use of lithium.

The peculiar complexity of geriatric medicine, which requires the unravelling of aspects that are often tangled up with the medical 
and pharmacological history and the actual clinical patient situation, was evident in this case. It is also clear how continuous 
clinical observation, parametric and laboratory monitoring, and involvement of family members are mandatory in order to guide 
us towards a correct diagnosis.

CONCLUSIONS
The presented case, along with the review of the cited literature, underline the multifactorial aetiology of kidney damage induced 
by Sars- CoV- 2.

This work analyses both the role of previous lithium therapy and the direct damage induced by Sars- CoV- 2 on the lesion to the 
collecting tubule. It also discusses the reasons that support the diagnosis of nephrogenic diabetes insipidus caused by Sars- CoV- 2 
rather than lithium in our patient.

In particular, SARS- CoV- 2 infection may have revealed the damage to the collecting duct, previously predisposed by the chronic 
use of lithium.

Physiologically, water absorption in the renal collecting duct is regulated by arginine vasopressin, through its V2 receptor and 
cyclic AMP signalling, resulting in increased expression of aquaporin- 2 and its apical membrane targeting in the renal collecting 
duct cells. The arginine vasopressin–V2 receptor–aquaporin 2 pathway is disrupted in acquired NDI, resulting in the development 
of resistance of the renal collecting duct to arginine vasopressin [27].

Lithium inhibits vasopressin- stimulated cyclic adenosine monophosphate, reducing urinary concentrating ability [28].

The pathogenesis of central diabetes insipidus is the deficit of arginine vasopressin and not cellular resistance to it.

Instead, in favour of a purely viral damage, we emphasize that the chronology of the manifestations of NDI seems to correlate 
more with SARS- CoV- 2 infection than with the use of lithium. Moreover previous infections did not result in a characteristic 
pattern of NDI, unlike what occurred after SARS- CoV- 2.

Finally we speculate that the collecting duct could represent a receptor target in SARS- CoV- 2- related infection, being particularly 
vulnerable to the pathogenetic mechanism triggered by COVID- 19; other molecules, in addition to ACE2, whose role as a 
receptor for the virus is well known, may represent gateways and be implicated in the pathogenesis of kidney damage, even in 
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the distal portions of the nephron. This would be supported by their greater presence in these areas with consequent possible 
direct damage. Lastly, considering that renal damage from SARS- CoV- 2 affects different parts of nephron, we could hypothesize 
that the involvement of the collecting duct, the last part of the functional unit, may also be a consequence of a damage cascade 
in the previous sectors.

Further molecular analyses at the receptor level of the collecting duct should be performed in relation to the possible sites of 
action of the virus and autopsy observations could help to understand whether Sars- CoV- 2 damage to the proximal parts of the 
nephron can lead to alterations in the distal parts of the nephron.

Funding information
This work received no specific grant from any funding agency.

Acknowledgements
The authors are grateful to Mrs Maria Luisa Pittini for editing the English text.

Author contributions
M.A.C. treated the patient, designed the study and drafted manuscript. M.N. collaborated to collect data and draft the manuscript. L.C., P.D.C. and E.F. 
revised the manuscript. G.C. and S.B. provided study supervision. G.S. and M.Z. finalized the manuscript. All authors have read and approved the final 
manuscript.

Conflicts of interest
The authors declare that there are no conflicts of interest.

Consent to publish
Written informed consent for publication of his clinical details and images was obtained from the patient. A copy of the consent form is available for 
review by the Editor of this journal. We declare that this paper meets the criteria of the CARE checklist.

References
 1. WHO Coronavirus (COVID- 19) dashboard; (n.d.). https://covid19. 

who.int/ [accessed 22 November 2023].

 2. Istituto Superiore di Sanità; (n.d.). https://www.epicentro.iss.it/ 
coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID- 
19_5-gennaio-2022.pdf [accessed 22 November 2023].

 3. Ferrarese C, Silani V, Priori A, Galimberti S, Agostoni E, et al. An 
Italian multicenter retrospective- prospective observational study 
on neurological manifestations of COVID- 19 (NEUROCOVID). Neurol 
Sci 2020;41:1355–1359. 

 4. Azevedo RB, Botelho BG, Hollanda JVG de, Ferreira LVL, 
Junqueira de Andrade LZ, et  al. Covid- 19 and the cardio-
vascular system: a comprehensive review. J Hum Hypertens 
2021;35:4–11. 

 5. Tian D, Ye Q. Hepatic complications of COVID- 19 and its treatment. 
J Med Virol 2020;92:1818–1824. 

 6. Huang C, Wang Y, Li X, Ren L, Zhao J, et  al. Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, China. 
Lancet 2020;395:497–506. 

 7. Moore JB, June CH. Cytokine release syndrome in severe COVID- 
19. Science 2020;368:473–474. 

 8. Pan XW, Xu D, Zhang H, Zhou W, Wang LH, et al. Identification of a 
potential mechanism of acute kidney injury during the COVID- 19 
outbreak: a study based on single- cell transcriptome analysis. 
Intensive Care Med 2020;46:1114–1116. 

 9. Gabarre P, Dumas G, Dupont T, Darmon M, Azoulay E, et al. Acute 
kidney injury in critically ill patients with COVID- 19. Intensive Care 
Med 2020;46:1339–1348. 

 10. Coppola S, Cenci S, Cozzolino M, Chiumello D. Sevoflurane seda-
tion and nephrogenic diabetes insipidus in patients affected with 
severe acute respiratory syndrome coronavirus 2. Eur J Anaesthe-
siol 2021;38:438–441. 

 11. Farkash EA, Wilson AM, Jentzen JM. Ultrastructural evidence 
for direct renal infection with SARS- CoV- 2. J Am Soc Nephrol 
2020;31:1683–1687. 

 12. Su H, Yang M, Wan C, Yi L- X, Tang F, et al. Renal histopathological 
analysis of 26 postmortem findings of patients with COVID- 19 in 
China. Kidney Int 2020;98:219–227. 

 13. Di Iorgi N, Napoli F, Allegri AEM, Olivieri I, Bertelli E, et al. Diabetes 
insipidus--diagnosis and management. Horm Res Paediatr 
2012;77:69–84. 

 14. https://www.merckmanuals.com/medical-calculators/WaterDef-
icit-it.htm

 15. World Health Organization. What we know about long- term 
effects of COVID- 19. The latest on the COVID- 19 global situation 
& long- term sequelae; (n.d.). https://www.who.int/docs/default- 
source/coronaviruse/risk-comms-updates/update54_clinical_ 
long_term_effects.pdf?sfvrsn=3e63eee5_8 [accessed 18 May 
2021].

 16. Sheikh AB, Javed N, Sheikh AAE, Upadhyay S, Shekhar R. 
Diabetes insipidus and concomitant myocarditis: a late sequelae 
of COVID- 19 infection. J Investig Med High Impact Case Rep 
2021;9:2324709621999954. 

 17. Ren X, Wang S, Chen X, Wei X, Li G, et  al. Multiple expression 
assessments of ACE2 and TMPRSS2 SARS- CoV- 2 entry molecules 
in the urinary tract and their associations with clinical manifesta-
tions of COVID- 19. Infect Drug Resist 2020;13:3977–3990. 

 18. Wang K, Chen W, Zhang Z, Deng Y, Lian J- Q, et  al. CD147- spike 
protein is a novel route for SARS- CoV- 2 infection to host cells. 
Signal Transduct Target Ther 2020;5:283. 

 19. Song J, Zhu J, Chen W, Zhu G, Wang W, et al. Expression profiles 
revealed potential kidney injury caused by SARS- CoV- 2: a system-
atic analysis of ACE2 and clinical lessons learned from this 
discovery. Aging 2021;13:10821–10832. 

 20. Nadim MK, Forni LG, Mehta RL, Connor MJ Jr, Liu KD, et al. COVID- 
19- associated acute kidney injury: consensus report of the 25th 
Acute Disease Quality Initiative (ADQI) workgroup. Nat Rev Nephrol 
2020;16:747–764. 

 21. Bernardi S, Burns WC, Toffoli B, Pickering R, Sakoda M, et  al. 
Angiotensin- converting enzyme 2 regulates renal atrial natriuretic 
peptide through angiotensin- (1- 7). Clin Sci 2012;123:29–37. 

 22. Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer MA, 
et al. Renin- angiotensin- aldosterone system inhibitors in patients 
with Covid- 19. N Engl J Med 2020;382:1653–1659. 

 23. Puelles VG, Lütgehetmann M, Lindenmeyer MT, Sperhake JP, 
Wong MN, et  al. Multiorgan and renal tropism of SARS- CoV- 2. N 
Engl J Med 2020;383:590–592. 

https://covid19.who.int/
https://covid19.who.int/
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_5-gennaio-2022.pdf
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_5-gennaio-2022.pdf
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_5-gennaio-2022.pdf
https://www.merckmanuals.com/medical-calculators/WaterDeficit-it.htm
https://www.merckmanuals.com/medical-calculators/WaterDeficit-it.htm
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update54_clinical_long_term_effects.pdf?sfvrsn=3e63eee5_8
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update54_clinical_long_term_effects.pdf?sfvrsn=3e63eee5_8
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update54_clinical_long_term_effects.pdf?sfvrsn=3e63eee5_8


8

Corich et al., Access Microbiology 2024;6:000598.v4

 24. Rej S, Pira S, Marshe V, Do A, Elie D, et  al. Molecular mecha-
nisms in lithium- associated renal disease: a systematic review. 
Int Urol Nephrol 2016;48:1843–1853. 

 25. Shakaroun D, Nasser H, Munie S, Soman S. Nephrogenic 
diabetes insipidus after esophagectomy in a patient with remote 
history of lithium treatment: a case report. Int J Surg Case Rep 
2019;57:71–73. 

 26. Stone KA. Lithium- induced nephrogenic diabetes insipidus. J 
Am Board Fam Pract 1999;12:43–47. 

 27. Dupuis C, Robert A, Gerard L, Morelle J, Laterre P- F, et  al. 
Nephrogenic diabetes insipidus following an Off- label admin-
istration of sevoflurane for prolonged sedation in a COVID- 19 
patient and possible influence on aquaporin- 2 renal expression. 
Case Rep Anesthesiol 2022;2022:3312306. 

 28. Goo YJ, Song SH, Kwon OI, Kim M, Suh SH, et al. Venous thrombo-
embolism and severe hypernatremia in a patient with lithium- 
induced nephrogenic diabetes insipidus and acute kidney injury: 
a case report. Ann Palliat Med 2022;11:2756–2760. 

The Microbiology Society is a membership charity and not-for-profit publisher.

Your submissions to our titles support the community – ensuring that 
we continue to provide events, grants and professional development for 

microbiologists at all career stages.

Find out more and submit your article at microbiologyresearch.org



9

Corich et al., Access Microbiology 2024;6:000598.v4

Peer review history

VERSION 3

Editor recommendation and comments

https://doi.org/10.1099/acmi.0.000598.v3.1
© 2024 Allen D. This is an open access peer review report distributed under the terms of the Creative Commons Attribution 
License.

Danielle Allen; Queen's University Belfast, School of Biological Sciences, UNITED KINGDOM, Belfast

Date report received: 10 January 2024
Recommendation: Accept

Comments: I am pleased to tell you that your article has now been accepted for publication in Access Microbiology. The work 
presented is clear and the arguments well formed. The manuscript is well written and contributes to the literature. Thank you for 
addressing all reviewers comments satisfactorily and in a timely manner.

Author response to reviewers to Version 2

We reported Editor’s comments and our changes here below.

The comments are highlighted in bold, the changes in italics.

”Thank you for submitting your revised manuscript for publication in Access Microbiology. After reviewing the manuscript, I'm 
happy that most of the reviewer's comments have been addressed. However, some minor changes are needed to include:

1. The numbered points should be discussed in complete sentences / paragraphs (lines 195- 198, 202- 217, 259- 265, 270- 284)

Done. We inserted the new complete sentences into the test (lines 194- 197, 200- 216, 258- 267, 272- 284).
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be in the results or conclusion. The background should give a brief overview of the topic so far. The abstract should provide a 
concise summary of your research, highlighting the key contributions and innovations you have made.

Author response to reviewers to Version 1

POINT BY POINT RESPONSE

We reported comments and questions of the two reviewers here below.

Questions are highlighted in bold. Our answers are highlighted in italics.

Reviewer 1

Comments to Author: The case discusses nephrogenic diabetes insipidus as a result of COVID- 19 pneumonia. Interesting findings 
have been presented and the phenomenon has not been widely reported. The case has been presented well but a few revisions 
have to be made for more coherence.

1. The case discusses nephrogenic diabetes insipidus as a result of COVID- 19 pneumonia.

2. The case has been presented well. But a few details need to be specified:

- For how long was lithium discontinued?

è Lithium therapy had been discontinued 2 years before.

We modified the sentence in order to clarify this point.

The new sentence (line 104) is: “Lithium therapy had been discontinued 2 years before, because of overdose with acute kidney failure”.

- The d- dimer was elevated, was a ventilation perfusion scan performed at any point?

è A ventilation perfusion scan had not been performed since the high value of D- dimer was justified by: the patient's history (active 
smoker and age), the patient's physical examination, the positivity to the test for SARS CoV- 2, the chest x- ray (pneumonia detection), 
the increase in inflammation indices, the improvement of the respiratory conditions with antibiotic and corticosteroid therapy. These 
reasons pointed towards pulmonary inflammation. Additionally, there were no specific signs and symptoms for deep vein thrombosis.

We inserted a short explanation into the text (lines 139- 140).

- Did the patient need ECMO at any point?

è No, he didn’t.

- What benefit was observed after performing the water deprivation test?

è The water deprivation test allowed us:

- to exclude the diagnosis of central diabetes insipidus, demonstrating reduced renal sensitivity to the action of vasopressin (typical 
of nephrogenic diabetes insipidus) rather than reduced production and secretion of vasopressin at the level of the hypothalamus and 
pituitary gland (typical of central diabetes insipidus). In fact, treatment with desmopressin resulted in only a modest increase in 
urinary osmolarity;

- to exclude the diagnosis of polydipsia as the water deprivation did not lead to lower urine production and did not increase significantly 
plasma and urinary osmolarity.

- How was the patient at follow- up?

è Nephrogenic diabetes insipidus of our patient remained a permanent pathology; in fact, a few months later he was hospitalized 
again for hypovolemic shock in serious dehydration with a natremia equal to 181 mEq/L.

We inserted a new sentence into the text (lines 162- 164).

3. Line 29 should be rephrased.

Done.

The new sentence (lines 28- 30) is:

“We describe the alteration of the last part of the nephron induced by Sars- CoV- 2. Most previous studies have highlighted lesions 
caused by this virus in the early segments of the nephron”.

Remove numbers from diagnostic criteria in lines 75- 77
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Done.

In addition, we have rephrased the sentence (lines 80- 84) to make it clearer.

The new sentence is:“It may be caused either by a deficiency of antidiuretic hormone (ADH) secretion by the hypothalamus and 
posterior pituitary gland (central diabetes insipidus) or by a renal resistance to the activity of ADH (nephrogenic diabetes insipidus). 
Another cause of polyuriawith low osmolarity and low specific gravity is excessive intake of liquids (primary polydipsia)”.

Line 79" for the first time" is redundant, please delete

Done (line 86).

Line 78 "differential diagnosis", the sentence previously just mentions 1 diagnosis. Better to rephrase as "the diagnosis" 
was confirmed by...

Done (line 85).

Line 160 change "most reported" to commonly reported

Done (line 171).

"Every clinical and laboratory result was reviewed by a fellow endocrinologist who has definitely confirmed the diagnosis of 
nephrogenic diabetes insipidus", please rephrase this sentence to endocrinology was consulted.

Done (line 165).

Additionally, what did endocrinology recommend in terms of management.

We formulated a new sentence with recommendations of the endocrinology.

The new sentence (lines 165- 168) is:

“In light of the result of the water deprivation test, the endocrinology was consulted. It confirmed the diagnosis of nephrogenic diabetes 
insipidus and recommended free access to water, calculating a water requirement of approximately 2 and a half liters per day and 
the introduction of thiazide (hydrochlorthiazide 25 mg 1 tablet) if it persists hypernatremia”.

I would suggest discussing the numbered points in complete sentences, with the paragraph to start by "The etiology of this 
finding seems multifactorial". The same pattern should be followed in conclusion and the conclusion should suggest points 
for investigation in future.

Done.

We added your suggested sentence (line 200 and line 257) and described points for future investigations in conclusion (lines 285- 288).

4. There is not enough discussion to suggest hypothesis 4. induction of dysfunctions in renal microcirculation, due to the 
prothrombotic state linked to the

COVID- 19 disease, as demonstrated by the finding of fibrin deposits in the glomerular loops.

Done.

We inserted the following sentences into the text (lines 212- 217):

“The hypothesis of the renal microcirculation involvement in COVID- 19 is also supported by the finding of diffuse erythrocyte 
aggregation and obstruction in the lumen of glomerular and peritubular capillaries without platelets, red blood cell fragments, fibrin 
thrombi or fibrinoid necrosis.

Moreover, angiotensin II accumulation may promote an imbalanced RAAS activation, promoting vasoconstriction.” (new reference: 
22)

Reference 25 should be discussed a bit more to compare with the fact that the patient is still susceptible to the damage given 
8 years benchmark has not passed yet.

Done.

 We added a new sentence (lines 240-242):“Our patient, unlike the ones above mentioned (25, 26), could have free access to water, 
both before and during hospitalization. Furthermore, he had been widely hydrated during the hyperpyrexia phase.”.

In addition,as already reported in the Discussion (lines 243- 246), “It is worth noting that neither the patient nor his family members 
had reported the presence of polydipsia or hypernatremia before hospital admission and hypernatremia was not documented by 
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previous laboratory data. In addition, during previous hospitalizations, serum sodium had never been significantly elevated, even 
during dehydration induced by pyrexia and inflammation”.

It is important to know if the patient had a VTE/PE/DVT at any point because of the features in Goo YJ, et al. Venous 
thromboembolism and severe hypernatremia in a patient with lithium- induced nephrogenic diabetes insipidus and acute 
kidney injury: a case report.Ann Palliat Med. 2022 Aug;11(8):2756- 2760. doi: 10.21037/apm- 21- 2025.

è No clinical suspicion of VTE/PE/DVT was evident in our patient. The respiratory condition improved with antibiotic and corticos-
teroid therapy (see previous answer on D- dimer).

We inserted a new sentence into the text (lines 139- 140).

Additionally, Goo et al. also discusses about how lithium impacts arginine system which should be mentioned to support 
the lithium hypothesis given how recent literature now groups NDI and CDI as arginine disorders.

We added new sentences (line 266- 269) as follows:

“Lithium inhibits vasopressin- stimulated cyclic adenosine monophosphate, resulting in reduced diffusion of water through water 
channels in the cell membrane of the collecting tubule, reducing urinary concentrating ability (28). The pathogenesis of central diabetes 
insipidus is the deficit of arginine vasopressin and not cellular resistance to it”.

Please include Dupuis et al. in your discussion that reports another case of NDI. https:// pubmed. ncbi. nlm. nih. gov/ 35310519/.

Done.

We added a new sentence (line 261- 265) as follows:

“Phisiologically, water absorption in renal collecting duct is regulated by arginine vasopressin, through its V2 receptor and cyclic AMP 
signaling, resulting in increased expression of aquaporin- 2 and its apical membrane targeting in the renal collecting duct cells. The 
arginine vasopressin- V2 receptor- aquaporin 2 pathway is disrupted in acquired NDI, resulting in the development of resistance of 
collecting duct to arginin vasopressin (27)”.

Reviewer 2

Comments to Author:

I have carefully reviewed your work and would like to provide you with some feedback and suggestions for improvement.

1. The abstract of your paper can be improved to better emphasize the novelty of your study. The abstract should provide a 
concise summary of your research, highlighting the key contributions and innovations you have made. Consider revising the 
abstract to clearly articulate the unique aspects and significance of your work, attracting readers' attention and motivating 
them to explore your paper further.

Done.

We modified the Abstract according to your suggestions (lines 29- 32).

2. Some of the references cited in the manuscript are quite old. I recommend replacing them with more recent studies avail-
able in the literature. This will ensure that your work is aligned with the latest advancements in the relevant research field.

Done.

We added more recent references, such as 22, 27 and 28 and updated the epidemiological data (references 1 and 2).

3. I have identified some language, grammar, and punctuation errors that require attention and correction. I kindly request 
your cooperation in refining these aspects to ensure that the clarity and rigor of the manuscript aligns with the high standards 
of the journal.

Done.

We reviewed and improved the language, grammar and punctuation of the entire text.
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Recommendation: Major Revision

Comments: Thank you for submitting your manuscript for publication in Access Microbiology. It has been examined by expert reviewers 
who have concluded that the work is of potential interest to the readership of Access Microbiology. However, based on the comments 
received, it is clear that a major revision of this manuscript will be required before a decision can be made on its publication. I will be pleased 
to consider a revised manuscript along with a document including a point by point response to each of the reviewers comments. Your 
revised manuscript may be returned to one or more of the original reviewers, along with your itemised response to the reviewers’ comments.
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Date report received: 12 November 2023
Recommendation: Major Revision

Comments: Dear Authors, I have carefully reviewed your work and would like to provide you with some feedback and suggestions 
for improvement. 1. The abstract of your paper can be improved to better emphasize the novelty of your study.  The abstract should 
provide a concise summary of your research, highlighting the key contributions and innovations you have made.  Consider revising 
the abstract to clearly articulate the unique aspects and significance of your work, attracting readers' attention and motivating them 
to explore your paper further. 2. Some of the references cited in the manuscript are quite old.  I recommend replacing them with 
more recent studies available in the literature.  This will ensure that your work is aligned with the latest advancements in the relevant 
research field. 3. I have identified some language, grammar, and punctuation errors that require attention and correction.  I kindly 
request your cooperation in refining these aspects to ensure that the clarity and rigor of the manuscript aligns with the high standards 
of the journal. Best regards.
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more coherence.  1. The case discusses nephrogenic diabetes insipidus as a result of COVID- 19 pneumonia.  2. The case has been presented 
well. But a few details need to be specified: -For how long was lithium discontinued? -The d- dimer was elevated, was a ventilation perfusion 
scan performed at any point? -Did the patient need ECMO at any point? -What benefit was observed after performing the water deprivation 
test? -How was the patient at follow- up? 3. Line 29 should be rephrased. Remove numbers from diagnostic criteria in lines 75- 77 Line 
79" for the first time" is redundant, please delete Line 78 "differential diagnosis", the sentence previously just mentions 1 diagnosis. Better 
to rephrase as "the diagnosis" was confirmed by... Line 160 change "most reported" to commonly reported "Every clinical and laboratory 
result was reviewed by a fellow endocrinologist who has definitely confirmed the diagnosis of nephrogenic diabetes insipidus", please 
rephrase this sentence to endocrinology was consulted. Additionally, what did endocrinology recommend in terms of management.  I 
would suggest discussing the numbered points in complete sentences, with the paragraph to start by "The etiology of this finding seems 
multifactorial". The same pattern should be followed in conclusion and the conclusion should suggest points for investigation in future. 
4. There is not enough discussion to suggest hypothesis 4. induction of dysfunctions in renal microcirculation, due to the prothrombotic 
state linked to the COVID- 19 disease, as demonstrated by the finding of fibrin deposits in the glomerular loops. Reference 25 should be 
discussed a bit more to compare with the fact that the patient is still susceptible to the damage given 8 years benchmark has not passed yet. It 
is important to know if the patient had a VTE/PE/DVT at any point because of the features in Goo YJ, et al. Venous thromboembolism and 
severe hypernatremia in a patient with lithium- induced nephrogenic diabetes insipidus and acute kidney injury: a case report. Ann Palliat 
Med. 2022 Aug;11(8):2756- 2760. doi: 10.21037/apm- 21- 2025. Additionally, Goo et al. also discusses about how lithium impacts arginine 
system which should be mentioned to support the lithium hypothesis given how recent literature now groups NDI and CDI as arginine 
disorders. Please include Dupuis et al. in your discussion that reports another case of NDI. https:// pubmed. ncbi. nlm. nih. gov/ 35310519/.
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