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ABSTRACT. Five Japanese Black embryo transfer calves from a single embryo flush, 30 to 45-days-
old, including 4 live animals for clinical examination and 1 dead for necropsy, were presented 
with a history of decreased milk intake and hypoproteinemia. Consistent clinicopathological 
abnormalities in the 4 calves presented for clinical evaluation included hyperkalemia, 
hyperphosphatemia, hypoproteinemia, hypoalbuminemia, hyperbilirubinemia, increased creatine 
phosphokinase activity, and proteinuria. Four calves ultimately were necropsied and all had 
histologic evidence of immune complex glomerulonephritis. Glomerulonephritis in these calves 
was hypothesized to have resulted from the interaction of passively acquired antibodies at birth 
and active immunization at 7 and 28 days of age with a Salmonella Typhimurium core antigen 
vaccine.
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Four Japanese Black calves, 30 to 45-days-old, were presented to the University of Missouri (MU) Veterinary Health Center 
(VHC) with a history of decreased milk intake and hypoproteinemia. An additional calf was presented directly to the MU 
Veterinary Medical Diagnostic Laboratory (VMDL) for post-mortem examination. The calves belonged to a group of 14 embryo 
transfer calves, all from the same embryo flush. The embryos had been transferred into 14 Holstein recipients housed on a 
farm in southwest Missouri. The recipient dams were vaccinated 5 to 6 months before calving with a multivalent killed vaccine 
against infectious bovine rhinotracheitis virus (IBR), bovine virus diarrhea virus (BVDV) Type 1 and 2, parainfluenza virus Type 
3 (PI-3), and bovine respiratory syncytial virus and Campylobacter fetus, Leptospira canicola, L. grippotyphosa, L. hardjo, L. 
icterohaemorrhagiae, and L. Pomona (Vira Shield 6+VL5; Novartis Animal Health US, Larchwood, IA, U.S.A.), a Salmonella 
Typhimurium core antigen vaccine (Endovac-Dairy; Immvac, Columbia, MO, U.S.A.), and a Staphylococcus aureus bacterin 
(Lysigin; Boehringer Ingelheim Vetmedica, St. Joseph, MO, U.S.A.).

One calf died at birth from an unknown cause. All other calves were apparently healthy at birth. Shortly after birth, calves 
were given Actinomyces pyogenes-Escherichia coli-Pasteurella multocida-S. Typhimurium antisera (Quatracon-2X; Boehringer 
Ingelhein Vetmedica, 15 ml, SC), and fed 4 l of their recipient dam’s colostrum via bottle. Escherichia coli antiserum (Bovine 
Ecolizer; Novartis Animal Health US) was administered orally to calves within 1-week of birth. Calves were fed milk from a bottle 
at the farm of origin until approximately 1-week of age, when they were transported to a calf-rearing facility in western Missouri.

On the day of transport, the calves were given an intranasal modified live vaccine against IBR and PI-3 (TSV-2; Zoetis, 
Kalamazoo, MI, U.S.A.), and an oral modified live vaccine against bovine coronavirus and rotavirus (Calf-Guard; Zoetis). Seven of 
the 13 calves were given ceftiofur crystalline free acid (Excede; Zoetis, 300 mg, SC) on the day of transport. All of the calves were 
given a S. Typhimurium bacterin- toxoid (Endovac-Beef; Immvac) 24 hr after arrival at the rearing facility (~7 days of age) and 
again approximately 21 days later. At the calf-rearing facility, the calves were housed in a single group and fed ~6 l milk replacer 
daily via an automatic milk mixing machine that recorded individual intake, and were offered free-choice calf starter and hay.

Approximately 10 days before the initial case (Case 1) was presented to MU, 2 calves died at the rearing facility at 31 and 33 
days of age, respectively (Table 1). Both had a 24-hr history of lethargy, submandibular edema, respiratory distress, and/or seizure-
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like activity. A gross necropsy performed on 1 calf by the referring veterinarian revealed pulmonary edema. At that time, serum 
total protein concentrations on 9 of the 11 surviving calves were 36 to 59 g/l (median 47 g/l; reference range for calves, 58 to 70 
g/l).

Four cases (Cases 1 through 4) were presented to the VHC for clinical examination and treatment, and a fifth case (Case 5) 
that had recently died was submitted to the VMDL for necropsy (Table 1). Case 1 was presented 5 d prior to Cases 2 through 
5. The calves were 5 to 6 weeks old and weighed 37.5 to 44.9 kg. The calves presented to the VHC had a history of decreased 
milk intake (all 4 calves), fever (Cases 1 & 4), heme and protein on urine dipstick (Cases 2 & 3), and submandibular edema, 
panhypoproteinemia and azotemia (Case 1). Treatments received prior to referral were florfenicol (Nuflor; Merck Animal Health, 
Madison, NJ, U.S.A.), tulathromycin (Draxxin; Zoetis), and moxidectin (Cydectin Pour-On; Boehringer Ingelheim Vetmedica) 
(Case 1); flunixin meglumine (Cases 1 & 4); and procaine penicillin G (33,000 to 40,000 IU/kg SC once a day for 2 to 4 days; 
Cases 2, 3 & 4).

Physical examination on Case 1 revealed an increased rectal temperature (39.9°C; reference range, 38.6 to 39.4°C) and heart rate 
(150 bpm; reference range, 100 to 140 bpm), pale mucous membranes, bilaterally injected sclera with petechiae and hyphema OS, 
red urine, mucoid diarrhea with frank blood, lethargy, mild dehydration, weak suckle reflex, cardiac dysrhythmia, and increased 
bronchovesicular sounds. Physical examinations on Cases 2, 3 and 4 revealed mild bilateral epiphora (Case 2), watery diarrhea 
(Case 3), and mild dehydration (Cases 3 & 4).

Plasma biochemical profiles were performed on Day 1 on the 4 cases presented for clinical examination, and complete blood 
counts (CBC) were performed on 3 animals on Day 1 (Case 1) or Day 3 (Cases 2 & 3), respectively. Salient clinicopathological 
findings are reported in Table 2. Urinalysis on free-catch samples on all four cases revealed pH 5.0 to 8.5, heme (trace to 3+), 
bilirubin (1 to 3+), protein (0 to 4+), specific gravity 1.006 to 1.022, and glucosuria (3+, Case 1 only). Urine centrifugation (Case 
1) revealed a red supernatant and a red sediment with many red blood cells, few white blood cells, and a few amorphous casts.

Due to a poor prognosis and the owner’s desire to maximize the possibility of a diagnosis, Case 1 was euthanized the day of 
presentation and submitted for necropsy. Cases 2, 3 and 4, which were admitted to the hospital 5 days after Case 1, were treated 
with intravenous fluids (0.9% sodium chloride) at 40 to 100 ml/kg/d with (Case 4) or without (Cases 2 & 3) 2.5% dextrose. Case 4 
died overnight on the day of hospital admission and was submitted for necropsy. At the time of presentation of Cases 2, 3, and 4, 
only gross postmortem results from Case 1 were available and suggestive of septicemia, therefore Cases 2 and 3 were treated with 
flunixin meglumine (1.1 mg/kg IV q24h) and ceftiofur hydrochloride (Excenel RTU EZ; Zoetis, 1.1 mg/kg, IM, q24 hr) for 4 days 
for possible sepsis.

Cases 2 and 3 remained on IV fluids for 3 and 4 days, respectively. Two days after admission, Case 2 developed diarrhea 
(etiology undetermined) which resolved on its own. Seven days after admission, both calves had trace protein on urine dipstick, but 
their mentation and milk consumption had improved and they were discharged from the VHC. After Cases 2, 3 and 4 were seen at 
the VHC, the owner reported that 1 additional calf had died on the farm; no necropsy was performed.

Case 2 returned to the VHC 10 days after discharge with a 3-day history of submandibular edema, and a 1-day history of heme 
and protein on urine dipstick. Physical examination revealed lethargy, injected sclera, purulent nasal discharge, submandibular 
and ventral neck edema, and thrombophlebitis in the right jugular vein (previous intravenous catheter site). Cardiac auscultation 
revealed tachycardia (170 bpm) and a grade IV systolic, left apical murmur. Complete blood count and plasma biochemical profile 

Table 1. Timing of events relative to arrival at the calf rearing facility and vaccination with the Salmonella Typhimurium core antigen vaccine

Calf Case #
Arrival date 

at calf rearing 
facility

S. Typhimurium 
core antigen 

vaccine 1st dose

S. Typhimurium 
core antigen 

vaccine 2nd dose

Time from 2nd 
vaccination to 

onset of clinical 
signs (d)a)

Admission to 
VHC

Died/ 
Euthanizedb)

Time from 2nd 
vaccine dose to 

death (d)
Necropsy

A NA NA NA NA NA At birth NA None
B 15-Sep-14 16-Sep-14 7-Oct-14 0 NA 9-Oct-14 2 rDVM
C 15-Sep-14 16-Sep-14 7-Oct-14 0 NA 11-Oct-14 4 None
D 15-Sep-14 16-Sep-14 7-Oct-14 Unknown NA
E 15-Sep-14 16-Sep-14 7-Oct-14 Unknown NA
F 1 20-Sep-14 21-Sep-14 11-Oct-14 5 20-Oct-14 20-Oct-14c) 9 VMDL
G 20-Sep-14 21-Sep-14 11-Oct-14 Unknown NA
H 2 20-Sep-14 21-Sep-14 11-Oct-14 10 25-Oct-14d) 13-Nov-14c) 31 VMDL
I 20-Sep-14 21-Sep-14 11-Oct-14 Unknown NA
J 3 20-Sep-14 21-Sep-14 11-Oct-14 13 25-Oct-14 NA NA Alivee)

K 26-Sep-14 26-Sep-14 15-Oct-14 6 NA
L 26-Sep-14 26-Sep-14 15-Oct-14 Unknown NA
M 4 26-Sep-14 26-Sep-14 15-Oct-14 6 25-Oct-14 26-Oct-14 11 VMDL
N 5 26-Sep-14 26-Sep-14 15-Oct-14 6 DOA 25-Oct-14 10 VMDL

rDVM=Referring veterinarian; NA=Not applicable; DOA=Dead on arrival. a) Clinical signs noted by owner. Proteinuria was recorded by the owner for calves 
H, J, K, M and N. b) One additional calf died after 25 Oct 2014, but farm records do not indicate which calf (D, E, G, I, K or L) or date that it died. No necropsy 
was performed. Six calves initially remained on the farm. c) Euthanized. d) Readmitted to VHC on 11 Nov 14. e) Discharged from VHC alive.
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abnormalities were consistent with those from the previous visit, except a resolved left shift. During hospitalization, the calf was 
alert and maintained a good appetite, but due to persistent hypoalbuminemia and proteinuria the calf was euthanized 2 days after 
admission.

Consistent gross findings on Cases 1, 2, 4 and 5, the 4 cases necropsied at the MU VMDL, were cavitary effusions including 
peritoneal (Cases 1 and 2) and tricavitary (Cases 4 and 5), and pulmonary edema (Cases 2, 4 and 5). Case 1 had multifocal 
petechiae and ecchymoses in the intestinal wall, uterus, urinary bladder, kidneys, and left ventricular endocardium. Case 2 
had diffusely pale kidneys, enlarged mesenteric lymph nodes, and right jugular vein thrombosis (catheter site). Case 4 had 
submandibular edema and Case 5 had epicardial and subendocardial hemorrhages.

Microscopically, the most consistent lesions were in the kidney (Cases 1, 2, 4 and 5). Glomerular tufts were segmentally 
thickened with increased cellularity and multifocal microthrombi. The renal tubules contained proteinaceous fluid and 
occasional cellular casts (Fig. 1). Periodic-acid Schiff stain revealed irregular thickening of the glomerular basement membranes 
(Fig. 2). Congo-Red stain of the affected kidneys was negative, ruling out amyloidosis. These findings were consistent with 
membranoproliferative glomerulonephritis (MPGN). There was fibrinoid vasculitis in multiple organs including heart, kidney, 
adrenal gland, intestinal wall, and uterus of Case 1, uterus of Case 4, and heart and adrenal gland of Case 5. Fibrinoid vasculitis is 
a unique form of vasculitis and is often associated with high concentrations of circulating immune complexes and their resultant 
deposition in the vasculature.

Laboratory tests to rule out potential infectious causes in Cases 1, 2, 4 and 5 included polymerase chain reaction (PCR) for 
Bluetongue virus, BVDV, herpesvirus and/or IBR, and pathogenic leptospira and were all negative. Intestine from Case 1 was 
PCR positive for coronavirus, and Cases 4 and 5 were PCR positive for both coronavirus and rotavirus A. Bacterial culture of 
kidney, intestine, and lung from Case 1 yielded multiple bacterial genera consistent with contamination or normal intestinal flora. 
Escherichia coli was isolated from intestine and kidney in Case 4 and intestine in Case 5, the significance of which is unclear; 
CBCs were not available for these cases, but microscopic findings at necropsy were not suggestive of colisepticemia. Intestines 
from Cases 1, 4 and 5 were culture negative for Salmonella spp. and Clostridium perfringens. No tissues were submitted for 
bacterial culture during the necropsy of Case 2. Fecal cultures for the isolation of Salmonella spp. collected once as part of the 

Table 2. Summary of abnormalities noted on complete blood counts (3 of 4 calves) and plasma biochemical profiles (4 of 4 calves) 
performed at least once during hospitalization on 4 calves that were presented for clinical examination to the VHC

No. with alteration/ 
No. with parameter 

examined

Median (range) values for calves  
with abnormal values 

 (first abnormal measurement)

Laboratory reference 
interval (adult cattle)

Hematology
Thrombocytopenia (×103 cells/µl) 1/3 11 238–596
Thrombocytosis (×103 cells/µl) 1/3 992 238–596
Band neutrophils (×103 cells/µl) 2/3 0.15 (0.14–0.15) 0–0.12
Lymphopenia (×103 cells/µl) 1/3 1.15 2.10–11.96

Plasma Biochemistry
Hyperglycemia (mmol/l) 3/4 6.9 (4.7–9.3) 3.4–4.6
Increased BUN (mmol/l) 2/4 17.32 (12.5–22.14) 0.71–11.78
Increased creatinine (µmol/l) 2/4 634 (475–792) 18–176
Hyponatremia (mmol/l) 1/4 131 134–146
Hyperkalemia (mmol/l) 4/4 8.2 (5.0–9.1) 3.4–4.8
Hyperchloremia (mmol/l) 3/4 106 (103–108) 94–102
Decreased bicarbonate (mmol/l) 2/4 22 (22) 23–34
Increased bicarbonate (mmol/l)   1/4 a) 35 23–34
Decreased anion gap (mmol/l) 2/4 11.5 (11–12) 14–22
Hyperphosphatemia (mmol/l) 4/4 3.1 (2.46–4.62) 1.42–2.23
Hypocalcemia (mmol/l) 2/4 2.03 (2.0–2.05) 2.18–2.53
Hypercalcemia (mmol/l) 1/4 2.58 2.18–2.53
Hypoproteinemia (g/l) 4/4 48 (40–56) 59–91
Hypoalbuminemia (g/l) 4/4 26 (19–30) 34–41
Hypoglobulinemia (g/l) 3/4 21 (20–24) 26–51
Hyperbilirubinemia (µmol/l) 4/4 18.7 (13.6–28.9) 1.7–5.1
Increased direct bilirubin (µmol/l) 1/4 6.8 0.0–5.1
Increased indirect bilirubin (µmol/l) 4/4 13.6 (10.2–22.1) 1.7–5.1
Increased aspartate aminotransferase (AST) (U/l) 2/4 207 (142–272) 38–92
Increased gamma glutamyl transferase (GGT) (U/l) 2/4 67.5 (31–104) 6–30
Increased creatine phosphokinase (CK) (U/l) 4/4 1,143 (240–4,733) 103–230

The proportion of cases with a given abnormality is presented. When a given abnormality was present on multiple occasions during hospitalization, only 
the first occurrence was included in the median (range) values reported. a) This calf had decreased bicarbonate at a previous sampling.
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VHC surveillance protocol were negative for Cases 2 and 3.
To further characterize the renal lesions, formalin-fixed kidney tissue from Case 2 was prepared for transmission electron 

microscopy, which demonstrated multifocal subendothelial deposition of electro-dense material (Fig. 3). Immunohistochemistry 
(IHC) was performed with EnVisionTM system (Dako, Carpinteria, CA, U.S.A.) and rabbit polyclonal bovine IgG antibody 
(GeneTex, Irvine, CA, U.S.A.) as the primary antibody. Immunohistochemistry revealed multifocally deposited IgG antibodies 
in the glomerular tufts (Fig. 4). Electron microscopy and IHC findings were consistent with immune-complex associated 
glomerulonephritis and morphologically highly compatible with type I MPGN. In humans, type I MPGN is the most common 
and classical type of MPGN, often associated with idiopathic or systemic immune complex disorders such as systemic lupus 
erythematosus or chronic infection [1, 11]. In an attempt to identify the antigen in the deposited immune complexes and given the 
history of administration of a S. Typhimurium-based core antigen vaccine and passively administered antibody against Salmonella, 
IHC was also performed with rabbit anti-Salmonella polyclonal antibodies obtained from the vaccine manufacturer, but was 
unsuccessful. This finding is not unexpected, however, because it is highly likely that the binding site for the anti-Salmonella 
antibody was already bound due to immune complex formation. These follow-up tests (transmission electron microscopy and IHC) 
were not performed on tissues with evidence of fibrinoid vasculitis.

The most consistent and important pathologic finding on all 4 necropsies was immune complex glomerulonephritis. Immune 

Fig. 1. Membranoproliferative glomerulonephritis with proteinuria. 
Glomeruli have thickened glomerular tufts and increased cellularity. 
There are multiple renal tubules containing eosinophilic protein-
aceous fluid (proteinuria). HE. Bar=100 µm.

Fig. 2. Membranoproliferative glomerulonephritis. The glomerular 
basement membranes are multifocally and segmentally thickened in 
random. Periodic-acid Schiff. Bar=100 µm.

Fig. 3. Transmission electron microscopy of the glomerulus. Note dif-
fuse severe subendothelial deposition of electro-dense material (D), 
endothelial cell (E), and fused foot processes of visceral epithelial 
cell (V). Bar=2 µm.

Fig. 4. Immunohistochemistry for bovine IgG. Note the positive 
immune-reactivity of bovine IgG to the glomerular basement mem-
brane. Romulan AEC. Bar=100 µm.
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complex glomerulonephritis in cattle is uncommon [2, 3, 8, 12, 14, 15]. Deposition of circulating immune complexes in the 
glomeruli is usually caused by persistent antigenemia and production of antibodies by the host in response to the infection [2, 3], 
although in some cases no infectious cause is identified [8]. Persistent BVDV infection is reported [2, 12] as a cause of immune 
complex glomerulonephritis, but was ruled out in the four calves that were tested in this report. Production of antibodies in 
response to vaccination, followed by experimental challenge to Mycoplasma mycoides subsp. mycoides has also been reported to 
cause glomerulonephritis [7]. Most previously reported cases of immune complex glomerulonephritis were at least 18 months old 
with the youngest case being 2 months old [12]. Moreover, previous reports of glomerulonephritis in cattle are usually described 
as single cases, whereas over 50% (7/13) of this group of calves showed clinical signs and were euthanized or died, suggesting a 
common denominator related to management or environmental exposure.

Embryos of the same genetic lineage raised in recipient cattle on other farms under different management did not exhibit clinical 
signs similar to these calves, suggesting this was not an inherited disorder. While a familial nephropathy has been reported in 
Japanese Black cattle [6], only some of the previously reported histologic lesions, including thickening of the glomerular basement 
membrane and mesangial proliferation, were consistent with findings of the cases reported herein. In contrast to the cases reported 
here, the familial nephropathy cases had reduced numbers of glomeruli, interstitial fibrosis with inflammatory cell infiltration, 
clusters of atrophic and cystic tubules, and thickening of the tubular basement membrane [6]. Additionally, immunohistochemistry 
in familial nephropathy cases was reported to be negative for bovine IgG in the areas of mesangial proliferation [6].

The jugular vein thrombosis in Case 2 was quite extensive and unexpected. Decreased antithrombin activity was previously 
reported in two cases with glomerulonephritis [10]. Antithrombin activity was not measured in the current case series, but 
proteinuria leading to antithrombin loss could have played a role in the apparent hypercoagulability of Case 2. Additionally, 
inflammation and disseminated activation of coagulation in multifocal vasculitis can cause a hypercoagulable state. Subsequent 
disseminated intravascular coagulation may have been the culprit behind Case 1’s thrombocytopenia and evidence of petechial and 
mucosal hemorrhage. Among previous reports of glomerulonephritis, M. mycoides subsp. mycoides was associated with pulmonary 
vasculitis [7], but neither lesions of multifocal fibrinoid vasculitis nor clinical complications of thrombosis were described [2, 3, 
8, 12, 14, 15]. The unique finding of multifocal fibrinoid vasculitis in 3 out of 4 calves reported here may be explained by the 
suspected pathogenesis in these cases that resulted in different kinetics of immune complex formation and deposition in tissues.

Clinical pathology abnormalities noted in all four clinical cases included hyperkalemia, hyperphosphatemia, hypoproteinemia, 
hypoalbuminemia, hyperbilirubinemia, and increased creatine phosphokinase (CK) activity. All cases exhibited episodes of 
proteinuria, bilirubinuria, and heme on urine dipstick. Cases 2 and 3 had a regenerative left shift when a CBC was performed on 
Day 3 of admission; however, the response was mild (0.14 to 0.15 × 103 band neutrophils/µl; reference range, 0 to 0.12 × 103/µl). 
The clinical importance of the left shift in light of the post-mortem findings is unclear.

Nephrotic syndrome is characterized by proteinuria, hypoalbuminemia, edema, and hypercholesterolemia. Cholesterol 
concentration was not measured and has not previously been reported in cases of nephrotic syndrome in cattle [3, 8, 12, 14, 15]. 
Nephrotic syndrome is frequently caused by MPGN in humans [9], and was suspected in the present cases. Electrolyte imbalances 
and azotemia are likely the result of decreased glomerular and tubular function. Hyponatremia was only seen in one of the cases, 
whereas hyperchloremia occurred in 3 of 4 cases. Azotemia was noted in some previous case reports of glomerulonephritis in cattle 
and was noted in 2 of 4 cases here. Hypocalcemia was previously described in one report [15], but it only occurred in 2 of 4 cases 
here. Differences in clinical pathology between the present and previous cases may be related to the acuity of immune complex 
deposition and resultant loss of nephrons. Hyperbilirubinemia and increased CK activity were most likely due to anorexia and 
injections or handling, respectively.

Most of the clinical signs in the cases described herein are consistent with previous reports of glomerulonephritis in cattle 
including anorexia, lethargy, submandibular edema, and diarrhea [3, 8, 12, 14, 15]. Diarrhea in at least some of the calves reported 
here could also be attributed to coronavirus or rotavirus. Subclinical MPGN may have been present in the remaining calves as the 
owner reported that several calves had proteinuria when measured by urine dipstick on the farm.

It is hypothesized that the combination of 1) passively administered antibodies in colostrum given at birth from cows vaccinated 
with a S. Typhimurium-based core antigen vaccine, 2) administration of hyperimmune serum containing antibodies to S. 
Typhimurium subcutaneously within 24 hr of birth, and 3) active immunization of the calves at 7 and 28 days of age with the same 
S. Typhimurium-based core antigen vaccine administered to their dams likely caused a very high concentration of antigen-antibody 
complexes, which were deposited in the glomeruli resulting in MPGN. Antigen-antibody complexes could also have resulted 
from a combination of colostral antibodies and immunization against IBR and PI-3; however this vaccine was administered only 
once making the theory of excess antibody-antigen less likely than for S. Typhimurium. Recent studies have described calves’ 
responses to vaccination against respiratory pathogens as early as 2 to 4 weeks of age in the face of maternal antibodies and no 
adverse effects associated with vaccination were reported [4, 5, 13]. On the other hand, glomerulonephritis was reported following 
vaccination against M. mycoides subsp. mycoides, with the difference being that antibodies and antigens resulted from active 
immunization and challenge with M. mycoides subsp. mycoides, respectively [7]. Notably, in the cases reported herein, the same S. 
Typhimurium-based core antigen vaccine was used to vaccinate the dams and the calves and likely resulted in colostral antibodies 
highly specific for the same vaccine antigen administered to the calves. The calves also received an injectable anti-sera which 
contained antibodies to S. Typhimurium. The peak occurrence of disease was shortly after the second dose of the core antigen 
vaccine (Table 1). Persistent antigenemia from natural exposure to a pathogen can cause MPGN, but no common pathogen was 
identified in the necropsied calves. The IHC for S. Typhimurium antigen in the glomerulus was negative, which, as explained 
above, is not unexpected. In hindsight, serology on some or all of the calves to quantify antibodies to S. Typhimurium in circulation 
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could have also been performed to at least demonstrate antibody acquisition from colostrum or the hyperimmune serum. However, 
even if detected it would not have definitively proven that the immune complexes were S. Typhimurium in origin.

Treatment was attempted at the VHC for 3 calves. Retrospectively, it is unknown if the antimicrobial and anti-inflammatory 
treatments were beneficial or needed. However, it is plausible that IV fluid therapy provided support of renal perfusion. It 
is unknown if any other treatment(s) could have improved the outcome. However, based on the hypothesis that the immune 
complexes were the result of the interaction of passively acquired antibodies and active immunization, it is postulated that the 
high morbidity could have been avoided by delaying vaccine administration until at least 21 days after administration of the 
hyperimmune serum. The label on the hyperimmune serum (Quatracon-2X; Boehringer Ingelhein Vetmedica) specifically cautions 
not to vaccinate with other viral and bacterial vaccines until 21 days after administration.

From the calf cohort, three bulls and one heifer remain on the farm, approximately 3 years later. All are described as apparently 
healthy by the owner, although the heifer failed to get pregnant after a successful embryo flush. Some of the initial 6 surviving 
calves (that included Case 3) exhibited milder clinical signs from those reported here. Two calves had suboptimal body condition at 
6-months-old, but improved by 16 months of age.

In conclusion, the cases reported herein describe an outbreak of glomerulonephritis that, based on the available data, is suspected 
to have been iatrogenically induced by a combination of passive and active immunization early in life most likely against S. 
Typhimurium. Thus, it is recommended that practitioners use caution when administering anti-sera in combination with vaccination 
during early calf-hood development, and that the warnings on vaccines and serum products be closely followed.
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